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AHoTanig. 3a JOIIOMOTOI0 METOMIB YHCEIHLHOTO
MOJICTIIOBAHHS Ta EKCIHEPUMEHTAJIbHUX  JOCIHIIKCHb
BHU3HAYCHO BIUIMB rabapuUTHUX pPO3MIpiB (hepoMarHiTHUX
€JIEMEHTIB KUIBIIEBOTO POTOPA BEHTHIBHOTO PEAKTHBHOTO
reHepaTropa Ha KpaTHICTh 3MIHM MarHiTHOi HPOBiJHOCTI
HOrO  eNeKTPOMAarHiTHOI CHCTEeMH B IIPOLECi pyXy.
Bu3HaueHi 4MCIIOBI  CIIBBIAHOLIEHHS TI'€OMETPUYHHUX
pO3MIpIB  IUX  E€JIEMEHTIB, 3a SKUX JOCATAETHCS
MakCHMaJlbHa 3MiHa MpoBigHOCTI. OTpUMaHi YHUCIOBI
3aJICKHOCTI mOJ0 OOMEXKEHHS pamialibHOI BHCOTH
(epoMarHiTHOro elxeMeHTa 3a Pi3HUX PO3MipiB CTOPOHHU
HOTO KBaJpaTHOTO IIEPETHHY.

KarouoBi cjoBa: BITPOCTCKTPUYHUI BEHTUIBHHUN
PEaKTUBHMI T'€HEPaTOp, KUIbIEBO-IIMIIHAPUIHUNA POTOD,

MarHiTHa  TPOBITHICT,  ONTHUMANBHI  T'€OMETPHUYHI
PO3MipH, eJIeKTPOMAarHiTHa CUCTEMA.
IMocranoBka npodiemu
Haiinockonaminmmm crocobom IIpUEHAHHS
GIIEKTPUYHOI ~ MalmlMHU 0  poOOYOro  MPUCTPOIO

BBA)KAETHCSI B3a€EMHE IHTETPYBAaHHs 1X KOHCTPYKLiil 0Oe3
Oymb-SIKMX TpaHCMICIHHMX BY3JIiB 1 MeXaHi3MIB Ta
OIHOYAacHO ©Oe3  moripmieHHS  (QYHKIIOHATBHUX 1
TEXHIYHHMX [TOKA3HHUKIB.

AHaJIi3 oCTaHHIX J0CTiIKEeHb

3okpema, s Oe3TpaHCMICIHHIX BIiTPOCIEKTPHIHUX
YCTAaHOBOK KUIBLEBUH pPOTOP HE IIOBHHEH CYTTEBO
BIUIMBATH  HA  aepoJWHAaMi4Hi  TOKa3sHWKH.  Bci
KOHCTPYKTUBHI THITM €JIEKTPUYHMX MAalIMH (PAaKTUUYHO
BU3HAYAIOTHCSI KOH(DIrypali€eo JUITHKA MarHiTHOrO KoJa
poTopa, sika HalKopoTLIa i3 MPSIMOJIHIHHUM HarpsMOM
MarHiTHOrO TOTOKY B POTOpax JMCKOBOI Ta KiJIbIIEBO-
wtiHApuaHOi Gopmu [5, 6]. Taki Gopmu mepcnekTHBHI
IVl BEHTWIBHUX PEAaKTHBHUX CJICKTPHYHUX MAIIUH
(BPEM), y skuX Ha pOTOpi BiACYTHI OyAb-fiKi 0OMOTKH
abo mocriitni wmarnitn [1]. Enexkrpuuni MmamuHH 3
KUTBIICBO-IIIJTIHAPHYHAM POTOPOM KpiM TOTO MArOTh
Maibke yaBi4i OUTBOIY TUTOIIY AKTHBHOI IIOBEpXHI B

poboUOMy HEMarHiTHOMY TMPOMDKKY Ta MOJBIHHE 4YHCIIO
MOJIIOCIB  TOPIBHSHO 3 TPAIULIHHUMHU EJIEKTPUYHUMHU
MalllMHAMK 13 CYHUIbHUM IWJIIHAPHUYHUM POTOPOM.
MoxHa Ha3BaTH ILIe psii NPUHLIMIOBUX IepeBar, sKi
MiATBEPIKYIOTh MEPCIIEKTUBHICTH KIJIBIIEBO-
W HAPUYHOTO TUIY JICKTPUYHHMX MamwuH [/], oaHaK 3
OISy Ha HE TPaAUIiHHICT, KOH(Irypamii IX MarriTHOL
CHUCTEMH  METOOH  OOIPYHTYBaHHS  ONTHMAaJbHHUX
TrEeOMETPUYHUX PO3MIpIiB  MarHiTONPOBIAHOI  AIISIHKA
potopa TOTPeOYIOTH HOBUX pillleHb, MOPIBHSIHO i3
METOJaMH  ONTHUMI3aLil 3yOIIeBO-TIA30BUX  JUISTHOK
POTOPIB TPaIUIIHHUX €IEKTPUYHUX MAIInH, 30KkpeMa [2]
KOHCTpYKTHBHO TmoniOHux a0 BPEM iHgykropHHX
renepatopis (IT).

ToMmy MOXHa CTBEpPKYBaTH, III0 PO3BUTOK METOIIB
BU3HAYCHHS ONTHMAlbHUX TI'EOMETPUYHUX HapaMeTpiB
MarHiTHUX CHCTEM BEHTHWJIbHUX PEaKTUBHHX I'€HEpaToOpiB
(BPT) 3 kuIb1IEBO-LIMITIHIPUYHUM POTOPOM € aKTYyaJIbHUM
3aBJIAHHSIM.

Merta pocJaigKeHb

Metoro ganoi poboTm € OOTpyHTYBaHHS 3a
pesyiabpTaTaMu MaTeMaTH4YHOTO Ta ¢isnyHOrO
MOJICJIIOBAHHA ONTHMAQJIBHAX 3HAYCHb TI'€OMETPHYHHUX
mapamMeTpiB MarHiTHOi cuctemu BPIT 3  kimbieBum
POTOpOM, SIKI IEPCIIEKTHBHI Y pi3HHUX cdepax, 30Kpema y
0e3TpaHCMICIIHUX BITPOYCTAaHOBKaX Ta HHM3bKOHAIIPHUX
TiPOEIeKTPOCTAHIIISX.

Pe3yabTaTh nocaigxeHb

Jocmimxenus TIPOBOTVITH TEOPETUIHHM i
EKCIIEPUMEHTAILHUM MeTo[aMU. MeTOInKa TeOPETUIHUX
JIOCTIDKeHp ToJNisAraja y moOymoBi ecki3HOi Mopeni
eJeMeHTapHo!1 (YHKIIOHATBHOI JaHKH €JIeKTPOMAarHiTHOL
CUCTEMH 1  TCOPETHYHOTO  aHaNli3y  MAarHiTHUX
MPOBIHOCTEH 3a CTATUYHUX TMOJOXKECHb MaKCHMYMIB 1
MiHIMYMIB  ix  3HaueHb. KOHCTpPyKTHBHa  cxema,
3aIPONIOHOBAHO1 [3] €JIEMEHTapHO1 JIaHKHA


mailto:epafort1@ukr.net
mailto:podol@ied.org.ua
mailto:tregyb.m.i@gmail.com

6 B. B. Ko3zupcekuii, O. 1. [Tomonsies, M. 1. Tperyo

€JICKTPOMEXAaHIYHOI CHUCTEeMH 13 KUIBIEBUM pPOTOPOM
nmyroctatopaoro BPT, 306paxena Ha puc. 1.

Puc. 1.

KimprieBmit poTop panmiycom r i3 OIHAaKOBHMH 3a
pO3MipoM HEMarHiTONmpoBiTHUMU 2 i pepoMarHiTHEMHA 3
HOro JiNHKAMU Ta TOJKCHUM TOJIIOM T 00epTaeThes 3
KyTOBOIO MIBUAKICTIO ) 1 NPOXOAWTH Yepe3 Mpopi3
MOHOIIAKeTHOTO ~ MarHitompoBoxy 1  craropa i3
MOBITPSIHUM HPOMDKKOM O 3 KOXHOro 0oky. I"abaputHi
pO3Mipu JUISHOK poTopa: [ — akciajabHa JOBXKHUHA, h —
pamianpHa BucoTta, b — nyroBuii cermenT. CepenHs JiHisg
MAarHITHOTO TOTOKY @ Ta OpI€HTOBHHM HAINpsM BITPY 3i
mBUAKICTIO Vs, Ha MarairompoBojai cratopa BHKOHaHA
oobmMorka 4. Ha  myroBomy  cratopi = MOXe
BCTAHOBIIOBATUCA PI3HE YHCIO TAKUX OJHOMAKETHHX,
MAarHiTHO He 3B’S3aHMUX MK COOOI0 CTATOPHHWX MOIYIIB,
SKi € OKPEeMHUMHU €JEKTPOMEXaHIYHUMH CUCTEMaMH, IO
TPaHUYHO cHpoulye iX (QyHKIIOHYBaHHS 3a IPHHIMIIOM
BEHTWJIBHUX €JIEKTPUYHUX MamuH. Hampsm  Bitpy
OOYMOBJIFOE  OJHO3HAYHI  rabapWTHI  BHUMOTH IO
KOHCTPYKTUBHHMX DPO3MIpIB KUIBLIEBOTO pPOTOpa, cepen
SIKMX HAWOUIBIINI aepoIMHAMIYHUH BIUIMB Ma€ pajiajibHa
BHCOTAa /A, sKa 3a yMOB 3a0e3ledeHHS HeOoOXimTHOl
MEXaHITHOT KOPCTKOCTI Ta (PYHKIIOHANBHUX ITapaMeTpiB
€JIeKTPOMEXaHIYHOI CHCTEeMH IMOBHHHA MaTH MiHiMaJbHi
3HAYCHHS. OCKiTBbKHT y 6e3TpaHCMIiCiHHIX
HHU3BKOOOEPTOBUX €JIEKTPOMEXAHIYHUX CHCTEMax pajiyc
KIJIBIIEBOTO POTOpa MOKE CTAHOBHUTH KiJIbKa METPIB, TO
MOJKHa IPOAHAII3yBaTH JIHIHHY PO3rOPTKY MarHiTHOTO
KoOJIa, 10 Ma€ JIy)Ke He3HauHli BIAMIHHOCTI BiJ| peabHOI
¢dbopmu ainsHku. B ocHOBI mpHHIMIY (QYHKIIOHYBaHHS
JIaHO1 eJIEKTPOMEXaHIYHOT CUCTEMH € MepioJuyHa 3MiHa
MarHiTHOi ~ TPOBITHOCTI ~ KOOPAMHATHOIO  3MIHOIO
MOJIOXKCHHS JIITHOK KUTBIIEBOTO POTOpa BITHOCHO OCi
MAaTHITOIIPOBOY CTaTopa, TOMY HaWOUIBII Ba)XITUBO
PO3MIISTHYTH J1Ba KpaiHiX IOJIOXKEHHS, 32 SIKMX BiJIOBIIHO
MaTUMEMO MaKCHMaJlbHe 1 MiHIManbHe 11 3HaueHHs. [l
JIBOX TPAaHMYHHX TIOJIOKEHb JUISTHOK MOJIOCHOTO MOJITY
PO3TOPTKM KIUIBIIEBOTO poTOpa MoOyJoBaHa CIIPOIIEHA
rpadoanamiTHIHa KapTHUHA CHJIOBHIX JiHINA
IUIOCKOTIApAJIEIbHOTO MArHITHOTO TOMA 33 BIJOMHM
MeTo0oM PixTepa, sika mokaszana puc. 2(a, 0).

I'padiunuii anamiz mgae mijcTaBU BBaXKATH, MO 3a
YMOBH BIJICYTHOCTI HACHYCHHS MAarHITOIPOBOAY B
MOJIOKEHHI ~ TOBHOTO  BXOJDKEHHS  ()epOMAarHiTHOTO
€JIEMEHTa poTopa Yy TMpopi3 MarHiTONpOBOJIY cTaTopa
(puc. 2, a) 1 mpu LBOMY 3HAYHO MEHIIUM pO3MIpOM
MOBITPSTHOTO HPOMDKKY Bi TIOJIIOCHOTO MOauTy(d << 1),
SBUILE BWIIMHAHHS MAarHiTHOrO mOJs Oynxe BIUIMBATH

JWIIe Ha He3HayHe 30UTBIICHHS IUIONII TIEPETHHY
HEMarHiTHOI JUISHKH, a IMOTOKH pO3CIIOBaHHS OyayTh
MiHIMaJIbHI.

Puc. 2.

Ockimpkd  pW<<gp, TO A 3QICKUTHME

Makc

MPaKTUYHO BiJl PO3MIpiB MOBITPSHOTO TMPOMIXKY O, a
po3mip /4 (¢epoMarHiTHOTO eneMeHTy poTopa Ha Iei
MOKa3HUK Malio BIUIMBaE. lle MOKHA mMoka3atd BiIOMHM
AQHATITUYHUM PO3PaxXyHKOBHM BHUPa30M MaKCHUMalbHOT'O
3HA4YEHHS MarHiTHOI IPOBIAHOCTI:

A =Ry +R) =28/ w,bl +hlp,b0)*, (1)

ne. Rs — Mar"HiTHHI oOmip MOBITPSHOTO NPOMIXKY, Rg—
MAarHITHHHA OMip MarHiTONPOBIIHOI MIJSTHKH KOJNa, [lj —
MarHiTHa TPOHUKHICTH (PEPOMArHITHOrO  MaTepiany
MarHiTonpoBoay. AHII3YIOUM IIOPSAKOBI  3HAUCHHS
Yyucesl  MarHiTHOI ~ NPOHUKHOCTI  TOBITPS o 1
CJIEKTPOTEXHIYHOT CTall Ly MOXHA [OKa3aTH, LIO0
CKJIQJIOBa MAarHIiTHOIO OIOPY MAarHiTONPOBOJY HE
nepesumryBatume  0,01%. CkiaHile  3aBJaHHI
BU3HAYEHHS MiHIMAIbHOI BEIMYMHH MPOBITHOCTI Yy
MoJIOXKeHH (puc. 2, 0), OCKUIBKH aHAIITHYHO CKJIaIHO
pO3paxyBaTH MarHITHUH OMIp Y peXMMi HACHYEHHS depe3

OiuHI TOBEpXHI CYCiIHIX (PEPOMATHITHUX EJICMCHTIB
poropa. Tomy Oyma HEOOXIIHICTH JOCIIIKESHHS
TPUBUMIPHOT MOJEJNI PpO3MOJALLY MarHiTHOro IOJsl B
aKTHBHIM 30HI YHCENBHHM  METOJIOM  CKIHUEHHHUX

€JIEMEHTIB 3a JiornoMoroto mnakety nporpam COMSOL.
Jlns po3paxyHKy MAarHiTHOrO TMOJii Ta MAarHiTHOI
MPOBIHOCTI MArHITHOI CHCTEMH B 3aJCKHOCTI Bij
MOJIOKEHHSI POTOpa BHUKOPHCTOBYBAaBCS (DparMeHT wi€l
CHCTeMH, IMOKa3aHuii Ha puc. 3 (a) i3 300pakeHHIM
CKIHYCHMX  CNeMEHTiB. BiH  MICTUTP  TOJNIOCH
eJNeKTpOMarHiTy 1 Ta pyXoMuil KiJdbIEBUH POTOP, SKHIA
Mae Tpu ¢QepoMarHiTHi enemeHTH 2. HampykeHicTh

marnitHoro ot H y akrusHiii 3081 MarsiTHOI cHcTeMM
Mae e OonHy (YHKIIOHANIBHY CKIAQJOBY, M SKOI

MOJKHAa BBECTH CKaJAPDHUH MAarHiTHW# moTeHWian @, ,
tak mo H =-V¢,, . PosnozineHHs 1poro mnoreHuiany,
Buxonsun 3 Bupazy V -B =0, ommcyerscs piBHAHHAM
Jlammaca V- (—pou, Ve, )=0.

JlaHa 3ane)XHICTP Ma€ TpaHWYHI YMOBH: Ha HIDKHIN
TIOBEPXHi MEPUIOTO MOIOCY 3a/aBanock @, =@, 1 =0,

Ha BEPXHIA NOBEPXHI JAPYroro MOJKCY — @, =@, o

(muB. puc. 3, a), a Ha BCIX IHIOMX IOBEPXHSIX — YMOBH
MareiTHOT i3onsuii - 0/ on = 0.
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Puc. 3.

HaBenena mnonboBa 3ajada po3paxoByBayacs 3a
COMSOL. TITicns
BU3HAYECHHS PO3MOMAIJIEHHS CKAIIPHOTO MArHITHOTO
MOTEHIialy, 3HAYeHHS MArHiTHOI MpPOBIMHOCTI JaHOi
MAarHITHOI CHCTEMH PO3PaXOBYBAJIOCh 32 BUpa3aMHu
A(x)=®/(¢m,l_¢m,2)’ ®= J.BndS’ (2)
51

JOIIOMOTOI0  ITaKeTy IIporpam

ne: S7 — NMOBEpXHs BEPXHBOT'O IONIOCA (IUB. pUC. 3, a), a

KOOpAMHATA X MoKa3aHa Ha puc. 2 (0).

JUis  minTBepIpKEHHS  TOCTOBIPHOCTI  OAEpIKaHUX
3aJIKHOCTEH TaKoXX HPOBOIMIN  eKCIIePHUMEHTAJbHI
JOCTIDKEHHS 32 JIOTIOMOTro0 (Di3MYHHX J1IabOpaTOPHHUX
Mozeneil. MeToanka eKCIepMMEHTAIFHUX TOCTiIKeHb
Oa3yBajacs Ha BH3HAYCHHI IHAYKTHBHOTO  OIIOpPY
€JIEKTPOMArHITHOI CHCTEMH IIPH 3MiHI KOOPJMHATHOTO
MOJIOXKEHHSI ()epOMArHiTHOTO eJIeMEHTa pOTOpa BiJIHOCHO
MarHiTonpoBOJy cTaTopa 3a CTablIi30BaHOi HANpyru Ta
NPaKTHYHO CTanoi YacToTH enekrpomepexi. Jlocmian
BUKOHYBaJIM  LUIIXOM  TepeMimieHHs 1 ikcamii
(bepomarHiTHIX €JIeMEHTIB portopa BiTHOCHO
MAarHITOIIPOBONY CTaTopa 3 IHTEPBAJIOM 5 MM, IO
3a0e3meuyBaiio TOYHICTh KOOPAWHATHOTO ITOJIOKEHHS 3a
MLTIMETPOBOIO IIKAJIOK B Mexkax +5%.

3a  pesyJbTaTaMH  YHCEJIBHOTO  MOJCIIOBAaHHS
MIPOCTOPOBOI MOJIENi OyH OTPUMaHi KapTHHU PO3MOILTY

2

o i

i
Ao
i..l-

s

BEKTOpa MAarHITHOI IHAYKIIi MpH Pi3HUX KOOPAMHATHHUX
MOJNOXKEHHAX (IuB. puc. 3, 6). Takox i3 BUKOPUCTAHHAM
Bupasy (2) Oynga OTpuUMaHa 3alEKHICTh TMPOBITHOCTI
MarHiTHoi cucremu A 3a pPI3HMX KOOpAMHATHUX
OJIOXKEHb (PEpPOMArHiTHOro eJIeMEeHTa KiJIbLIEBOr0 POTopa
X Ta MOpiBHSHA i3 eKCIEPUMEHTAIBHOIO 3aJISKHICTIO, IKa
Oyna moOynoBaHA 3a OIMCAHOK BHILNE METOJUKOIO Ha
nabopatopHoMy cteHai. L{i 3anexHocTi — po3paxyHKOBa
1 i ekcriepuMeHTalbHa 2 — TI0Ka3aHi Ha puc. 4.

Puc. 4.

Po3paxyHKoBa KpHBa YHCEILHOTO MOJICITIOBAHHS Ma€e
TTOMITHI IUITHKA JaMaHo{ JIiHii, 110 BUKIUKAHO PO3MipOM
CITKHM  pO30MBKM  MOjAenmi, oOxHaK 30DKHICTH i3
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pe3yJbTaTaMu EKCIIEPUMEHTY JIOCUTH BHCOKa
(po36ixkuicTe He mepeBumiye 3%), IO  IO3BOJISIE
3aCTOCOBYBATH PE3YJIbTATH YUCEIBHOIO MOJICIIOBAHHS Ha
OCHOBi TOOYZOBaHOI CHPOIIEHOI MOZENi MarHiTHOI
cucremu BPI' mmg mocmimkeHHS 3a€)KHOCTI MarHiTHOL
MIPOBIAHOCTI Bil KOOPAWHATHOTO TIOJIOKEHHS 3a Pi3HOL
panmiambHOi  BHCOTM /& (DEpOMArHiTHHX  €JIEMEHTIB
KUTBIICBOTO POTOpA; PE3yNbTaTH TAKOTO MOJICTIOBAHHS
MoKa3aHi Ha puc. 5.

Afdg

h=10 nma,
IR

h=13 nma,

0g

0.4

Puc. 5.

I'padiuni pe3ynapTaTH TSI OAHAKOBUX 32 IUIOIICIO
NepeTHHY MAaKeTiB KiJbLEBOIO POTOpa MOKa3ylTh, IO
30UIBIIEHHS IX pa/liaIbHOI BUCOTH BHUKJIMKA€E 3MEHIICHHS
yCiX MOTOYHUX 3HAYECHb MAarHiTHOI ITPOBIIHOCTI, OJHAK Y
pi3HIi Mipl A7 MakCUMyMIB i MiHIMyMiB. 3MEHIICHHS
MaKCHMaJIbHUX 3HAueHb MAarHiTHOI MPOBIJHOCTI MOXHa

[OSICHUTH 301JIbILIEHHSIM JIOBXUHU poTopHOi
MAaTrHITOIIPOBIHOI JUITHKA MarHiTHOTO Koja. OqHOYacHO
3MEHILIEHHS MiHIMaJIbHAX 3HAa4Y€Hb MIPOBIAHOCTI

MOSICHIOEThCA 30UTBIIEHHSAM BIICTAaHI MiX HOBEPXHIMH
MAarHITOIIPOBOIY CTaTOpA.

I[IpoTte ocTaHHIO 3aNEXHICTH BaXXKO OIUCATH
aHAJNITUYHO, OCKUILKM OJHOYACHO 13 30UILIIEHHIM
BiZicTaHi 30UIBIIYIOTHCS 1 BEPTHUKANbHI Oi4HI MOBEPXHI
CYCIIHIX MarHiTONpPOBIJHUX MaKeTiB KiIbLEBOI'O pOTOpa,
0 KOMIICHCYE 3MEHIICHHS MIHIMAJbHOI MAarHiTHOL
npoBigHocTi. ToMy Oysi0 POrHO30BaHO, IIO ICHYE Take
3HaUEHHS BHCOTH MAarHITONPOBIIHOTO MaKeTy poTopa,
TICJIS IKOTO 30UIBIICHHAS IEOTO PO3MIpy HE BHKJINKATUME
IO TANTBIIIOTO 3pOCTaHHSA pi3HUII MAarHiTHUX
npoBigHOCcTed. B Momem Oynma 3amaHa TpSAMOKYTHA
reoMeTpuyHa opma IepeTHHy MarHiTONPOBOLy CTaTOpa,
OJHaKOBa 3 ()EpPOMArHITHUMH €JIEMEHTAaMH pOTOpa, SKa
€JIMHA Cepell YCiX MOKIUBUX (HopM 32 0OpaHOTO po3Mipy
/| 3abe3meuye MakCUMalbHY IUIONLy  CYMIIICHHS
HOpMAaJIbHUX MPOEKIIid TOBEPXOHb Ta JiHIHHUN XapakTep
3MiHM Ii€i TUIOIII B MPOIIECi pyXy poTopa.

Bynu BuUKOHAaHI pO3paxyHKH 3Ha4eHb MAarHITHOT
MPOBIMHOCTI Ui PI3HUX 32 PO3MIPOM TIEPETUHIB
MAarHITONIPOBOMIB KBaapaTtHOi (GopMH BIiIIOBITHO 3i
cropoHamu kBanpatiB 15, 25 i 35 mm. KpaTHicTh 3MiHK
MarHiTHOi TpPOBIZHOCTI 3aJIE)KHO BiJ] BUCOTH IaKeTa
poTopa 3a BKa3aHMX IIEPETHHIB MOKa3aHa Ha puc. 6.
30UIbIIEHHS KPAaTHOCTI MPOMOPLIHHO 10 30UIbIICHHS
IUTOLIl TIEPETHHY MAarHiTONPOBOMIB Y3TOIKYETHCS 3
MaTeMaTHYHUM BHPAa30M MarHiTHOI IPOBiTHOCTI.

bx]=3535wm
15

25%25 MM

-

15%15 am

B, M

Puc. 6.

OmHovyacHO TIPOCITi TKOBYETHCS TeBHA
3aKOHOMIPHICTh TOCATHEHHS HAHOLIBIIOTO0 3HAYCHHS
KpaTHOCTi 3MiH MarHiTHOI HPOBIAHOCTI IS PI3HHX 3a
TIEPEeTHHOM MAarHITONpoBOAiB. Tak s Mar"iTOPOBOIY
KBaJIpaTHOTO TIEPETHUHY 31 CTOPOHOIO 15 MM KpartHIicTh
3pocTae mpH 30UIBLICHHI BHCOTH MAaKeTy poTopa [0
0JM3bKO 25 MM, BIAMOBIAHO JJIsl TIEPETUHY 31 CTOPOHOIO
25 MM MakcuMalibHa KPaTHICTh MPOBITHOCTEH Oyna 3a
Bucotd h Gmusbko 30 MM, a it CTOpOHH 35 MM
BiAnoBinHO 01u3bK0 37 MM. TOOTO MOYHA OIIUCATH JIHIIO
TPEHy ONTUMANbHUX CIIiBBIHOIICHh BUCOTH 1 INUPUHU
KBaJ[paTHOTO MEPETHHY MArHITOMPOBIAHOTO  MAKeTy
KizbIteBoro poropa supazom: h =10,409In(b;) — 3,907 i3
JIOCTOBIpHICTIO  ampokcumariii  omm3sko  0,9.  Cuin
3ayBa)kKWTH, IO HaBEICHE YHCIOBE CIIiBBiIHOIICHHS
MaTUMe Miclle 32 YMOBM BHKOHAHHS MarHiTONpOBONY i3
JUCTOBOI  EJIKTPOTEXHIYHOT  cTayi  OJM3BKHMX 32
MOKAa3HWKAMHU MapoK, OJHAK 3a IHIIMX MaTepialiB
3araJlbHUM  aqrOpuTM ONTHMI3amlii  BiporimHO  Oyie
NOMIOHMM Uil CNEKTPUYHUX MAIIMH 3  pajiaibHO-
KiTbLIEBMM poTopoM. IIpu 1pOoMy HEOOXIZIHO TaKoX
BpPaxOBYBaTH (hakTHaHy pi3HHUIIO hopmu
(hepoMarHiTHOTO eJeMeHTa KITBIIEBOTO poTOopa i1 HOro
TMHIAHOT PO3rOPTKH, KA OYCBHUIHO OYy/I€ MEHII CYTTEBOIO
3a OUIBIIOTO HOTO MiamMeTpa.

BucHoBku
1. Jna  Hu3pkooOepToBOi  Ge3TpaHCMiciHHOL
BITPOCNIEKTPUYHOI ~ yYCTAHOBKM  TEPCIEKTUBHHM €

JlyrOCTaTOPHUN BEHTUJIIBHUI DPEAKTUBHUII TE€HEpaTop 3
panianbHO-KIJIBIIEBHM POTOPOM.

2. 3a nonomoroto nporpamuoro nakery “COMSOL”
Ta 13 BUKOPHCTaHHSAM METONYy ()i3MYHOTO MOJEIIOBaHHS
BU3HAYECHO BIUIMB rabapUTHUX PO3MIpiB (pepOMarHiTHOro

€JIEMEHTa KUJIBbLIEBOTO pOTOpa Ha KpaTHICTh 3MIHH
MarHiTHOi  IPOBIAHOCTI  €JEKTPOMArHiTHOI ~ CHCTEMH
TaKOTO THUIy TeHepaTopa MpU PI3HUX IIOJOXKEHHAX
poTtopa, IO JIO3BOJIIE BCTAHOBIIIOBATH TabapWTHI
00OMEXEHHS i€ CHCTEMH.

3. Bcranosneni YHCIIOBI CIHiBBITHOIIEHHSA
TEOMETPUYHUX PO3MipiB  (HEPOMArHiTHOTO eJIEeMEHTa

KiJIBIIEBOTO POTOpa KBAIPAaTHOTO IEPETHHY, 3a SKUX
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JIOCSITAEThCS MaKCUMaJlbHE 3HAYCHHsSI KPATHOCTI 3MiHH
Mar”iTHOi TIPOBIJHOCTI €JNEKTPOMArHITHOI CHCTEMH B
mporieci #oro pyxy.
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OBOCHOBAHME 'TEOMETPUYECKHNX
[TAPAMETPOB MATHUTHOM CUCTEMBbI
BETPOJJIEKTPUYECKOI'O BEHTUJIBHOI'O
PEAKTUBHOI'O TEHEPATOPA
C KOJIbLIEOBPA3HBIM POTOPOM
B. B. Koswipckuii, A. []. Ilooonvyes, H. U. Tpeeyo

AnHoTanusi. C TIOMOIIBI0 METONOB YHCICHHOTO
MOJICTUPOBAHUS M AKCIIEPUMEHTAIBHBIX HCCIEIOBaHUI
OTpeNeNeH0  BIMSHHE TI'EOMETPUYECKHX  Pa3MepoB
(heppOMarHUTHBIX AJIEMEHTOB KOJIBIIEOOPA3HOTO POTOpa
BEHTWIBHOTO PEaKTHBHOTO TIeHepaTopa Ha KpaTHOCTb
HU3MEHEHUS MarHUTHOU MPOBOAUMOCTH
9JIEKTPOMArHUTHOH CHCTEMBI NPHU JBIXKCHHH POTOpA.
OmnpeneneHbl YUCIIOBBIE COOTHOILIEHUS! T€OMETPUYECKUX
pa3sMepoB 3THX 3JEMEHTOB, HPH KOTOPBIX IOCTHIAETCS
MaKCHMaJlbHO€  HM3MEHEHHWE  3TOW  MPOBOAUMOCTH.
[omy4yeHB! KOJTMYECTBEHHBIE 3aBUCHMOCTH OTPAaHIYCHHUS
panuaNsHOW BBICOTHI (DEPPOMATHUTHOTO AJIEMEHTa IIPH
pa3IMYHBIX ~ pa3Mepax CTOPOHBI €ro  KBaJpPaTHOTO
CEUCHMUS.

KiroueBbie cJIOBA: BETPOIJIEKTPUUECKUN
BEHTIJIFHBI PEAaKTHBHBIA TeHEpPATOp, KOJBIICOOpa3HBII
pOTOp,  MarHuTHas  IMPOBOJMMOCTb,  ONTHUMaJIbHbIC
TeOMETPHUYECKUE Pa3MepHl, HICKTPOMArHUTHAS CHCTEMA.

SUBSTANTIATION OF MAGNETIC SYSTEM
OF SWITCHED RELUCTANCE GENERATOR
WITH ANNULAR ROTOR FOR WIND TURBINE
Kozirsky V. V., Podoltsev O. D., Tregub M. 1.

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.

Key words: switched reluctance generator, wind-
electric turbine, ring rotor, magnetic conductivity,
geometric parameters.
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Abstract. To solve the problem of sugar plant
technological complex efficient control basing upon the
method of analytical construction of aggregate regulators
it is necessary to determine the optimal parameters values.
As input data time series of technological variables of
sugar production are used. To investigate the efficiency of
the developed automated synergistic control system,
simulation modeling was performed by comparing the
functioning of the developed system with the traditional
schemes.

Key words: synergetic regulator, automated system,
mathematical model, sugar plant.

Introduction

At the modern stage of control systems development
increasing of production efficiency is possible due to the
development and implementation of automated
technological systems. Sugar production includes a set of
different subsystems to be interconnected by processes of
intensive interaction, the exchange of energy, substance
and information. These subsystems are non-linear,
multidimensional and complicated in linkage [1].

Formulation of problem

Taking into account the features of the synergetic
approach it is necessary to tend to its practical usage
which will allow the application of efficient methods to
solve actual problems concerning optimal control of the
sugar plant technological complex material flows. The
task of optimal control is in need to determine the
methods to influence the system and the parameters to
provide the best phase transition basing upon certain
criteria.

The synergetic principle to control complex systems
allows you to change the structure of the system or to give
another level of self-organization by changing the order
parameters. The ability to change such parameters and the
limits in which they may be changed are determined by
means of a synergistic regulator. In information systems
the synergetic controller is represented as a software tool
[2, 3].

The application of a synergistic approach to manage
the sugar plant technological complex will provide
increasing of the work efficiency. Taking into account
that the diffusion, juice-cleaning and evaporative
departments are the main subsystems of the technological
complex of a sugar plant [4] it will lead to the general
increasing of the productivity and energy efficiency of the
plant.

In the conditions of sugar producing enterprises
capacity increasing it is the urgent need to elabore
efficient systems for resource-saving management of
technological objects using modern information
technologies including knowledge engineering [5]. The
application of the synergetic principle of control is
increasingly applied to various objects but in automated
control systems for complicated technological complexes
such methods are only started to be used. Therefore, the
synergetic approach to the automated control of the sugar
plant technological complex is based on the method of
aggregate regulators analytical design.

Analysis of recent research results

In paper [3] it is represented a synergetic approach to
manage complicated technological objects as well as to
define and describe abstractor attractive fields as the
centers to form dissipative space-time structures. This
method allows us to assess the behavior of a complicated
system viewing self-organization in the case of chaotic
influences either external or internal ones.

It should be noted that in the case of synergetic
control of complicated systems particular attention should
not be paid on the force power of the system itself but on
the accuracy and the nature of information management
[2, 6] because precisely the information management
determines the efficient organizational and technical
structure.

In order to synthesize efficient control strategies for
nonlinear systems there were the papers devoting to the
methods of passification [7], back stepping [8], robust [9,
10] and synergistic [6, 11] control to be observed. Among
them the most promising for complicated technological
objects are synergistic control methods to be observed in
papers [11-13]. Application of this approach makes it
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possible to take into account the physical and chemical
characteristics of technological processes, reflecting the
phenomena of natural self-organization to provide
resource-saving operating modes being characterized by
resistance to external perturbations as well as to structural
and parametric changes and allowing to organize
efficient search of target states in different conditions,
differ in necessary flexibility while changing goals and
tasks variations, have high reliability and ability to
prevent the occurrence of critical situations [6, 14].

In paper [11] there are modern approaches to object
management methods to be described basing on the
synergistic approach. If control is done by changing the
order parameters we observe instability, symmetry
violation and boundaries of a complex nonlinear system
as a result of such actions. Thus, we have several possible
scenarios of the system's behavior after the phase
transition. In the case of control by changing the initial
conditions there is the possibility of developing the
system in several directions including chaotic behavior to
be observed. The difficulty of this approach is in no
everlasting possibility to change the initial conditions.
Sometimes they are rigidly fixed. Each of these methods
is used when the another one is impossible for
application. So, if there is a perspective to determine the
set of parameters of order from the set of system
characteristics and parameters exactly and there is no
possibility to change the input conditions the first
approach is used. If the set of parameters is too large or
may not be determined due to complicated
interconnections within the system a second approach
should be applied.

Moreover, in paper [3] it was shown that these
methods give satisfactory results for models of real
idealized systems. These factors required new approaches
to manage complicated non-linear technological
complexes.

The questions about analytical design of aggregate
regulators for separate subsystems of the sugar plant
technological complex have not been studied enough
deeply too.

Purpose of research

The purpose of the paper is to use synergetic
regulators for sugar plant complicated technological
complex to give the necessary opportunities of the
practical results application for the object and to elaborate
the efficient resource-saving strategies to control the
diffusion, juice-cleaning and evaporation department of
the sugar plant technological complex.

To achieve this goal, the following tasks, need to be
solved:

- to carry out synthesis of synergetic management
systems for sugar production;

- to determine the optimum values of the control
parameters for the diffusion, juice-cleaning and
evaporation departments of the sugar plant technological
complex by the method of analytical construction of the
aggregate regulators;

- to carry out simulation modeling of the sugar
production technological complex.

Results of research

The core of the synergistic method to manage
complex dynamic systems is the principle of resonant
information influence on the order parameters within
which the system is sensitive and its internal features are
preserved. Resonant impact does not predict influence by
action forcing itself but by properly organized, i.e.
consistent with internal properties, weakly powerful
actions leading the system to move in a given direction
[11].

Having evaluated the behavior of the studied system
[4], we can conclude that it has a nonlinear character. To
study such systems and to determine optimal control it is
necessary to apply the method of analytical construction
of aggregate regulators. In accordance with this method it

is necessary to determine the laws of management; to

provide optimal control of the main technological
processes of sugar production. Synthesis of synergistic
control systems for diffusion, juice-cleaning and
evaporation compartments is carried out.

The mathematical model (1) describes the process of
extraction of sugar from beetroot chips:
dF F’-B D -B

—‘::—al-lim+a2~F;C~R+a3~ DT +a,- T +ag T
dF,, F, E,-F. -B
7L:_a. c_a F -R—a~ oc cm _
dT 6 T 7 cm 8 DT y (1)
—aqy-D-B-R+ay-T
dﬂ—a EmB_a 2 dj—a .E)C.B'D_a
dT 11 T 12 T dT 13 T 14

where: [~ - consumption of beetroot chips, m¥h; F, -

consumption of diffusion juice, m%h; R - goodness, %;
B - digestion, %; D - loss of sugar with pulp, %; T -
temperature, °C; a, —a,, - the model parameters to be
determined by identifying of multidimensional time series
using the Vector ODE software environment [15].

As a control tool u, we select the value of the

expense of beetroot chips F

cm?

as a control u, we select

the value of diffusion juice loss F), .

According to the method of analytical construction
of aggregate regulators, the control laws depend on:

u,(R,B,T); u,(R,D,T). )

In accordance with the method of analytical design

of aggregate regulators control actions are defined. For

further research it is necessary to observe invariant
manifolds:

v, (R,B,T)=0; w,(R,D,T)=0. (3)

In parallel, the consistent observation of invariant

manifolds allows us to consider invariants to be attractors
with attractive zones while applying control laws

u,(R,B,T); u,(R,D,T).
There is a movement of the system in the phase
space up to the intersection of the manifold y; =0,

w, = 0. Goodness and temperature cannot directly affect
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management i, U,, - thus it is necessary to ensure

such linkage through ¥/;
W, =R+T+v(B),y,=R+T+v(D), 4)

where: v — certain function of the dependence of real
technological parameters.
Basing on the dependences (3) and (4) we’ll obtain:
R+T+v(B)=0, R+T+v(D)=0. (5

Changing the macro-variables v, and ¥/, obey
the functional:

Ly (t)+y;(z)=0 (6)

On the basis of the equation of the model and
equation (6) we’ll obtain:

1{6{1{ dr + ov -dB}+R+T+v(B) =0,

— +
dt dt

OB dt
A d—R+d—T+8—Vd—D +R+T+v(D)=0,()
dt dt oD dt
and the laws of interconnecting controlling the

technological processes of the sugar plant diffusion
department:

R+v T-B’ T-B* B F?
u, =— — . . — —_
Yrn, T “ T T D
T - B?
+ B+T_ .E7c+
T T
T-B*> T-B
- 2
T T _pB(B) |,
R B T \T
T
T-B°
T
+ B
T
T-B? .
uZ:_D+v_£.D'R. .E.Fﬁc Fdf+
T-T, T T T D
T-B®
+ ‘R-F, - B+£ -£+
T T) D
B*+T?T-B? T-B* F,-R (8)
+ 2 : ()L+ : (2 -
T T T D
T-B*> T-B*\F_T-B°
— + .7";4_ .D,
T T D T
where: T1, T2 are the parameters of the synergetic
regulator.

Parameters of setting control laws to affect the
quality of process dynamics to cause efficient self-
organization of the system, there are time parameters -
T1, T2 time constants. The conducted researches of the
synthesized system of synergistic control allowed to
determine the optimal values of T1 and T2 parameters
according to the criteria of duration and resource
consumption (Fig. 1).

Fig. 1. Transitional process to regulate the goodness
of diffusion juice: a) at T1 = 160 sec; T2 = 180 sec; b) at
T1 =80 sec; T2 = 100 sec; ¢) at T1 = 10 sec; T2 =
= 20 seconds.

The parameters of the setting of the laws of control
adjust the regulation time 71, T2. The condition of system
stability predicts the values: 1> 0, 72> 0.

The mathematical model of the process of
preliminary bowel movements has the form:

dF, F. . -C F .F
C"Ozbl. CaQ ™~ Ca0 _bz'Foc_bs'M'b4'FCao’
dr T
— 9% —_p . oc CaO nos CaO _ b. - F , (9)
dr S T 6 L'cao
dpH F - pH F .F -pH
p — b7 . oc p +b8 . Fcao —bg L oc nos p ,
dr T T
dCc CC ' (E?DB +FC)
drp =byy Frio—by—" “Lby - Couo

where F,, - consumption of lime milk, m¥%h; F, -
consumption of diffusion juice, m¥h; pH - pH of
diffusion juice; Ccp - dry matter content,%; F, . - flow
of diffusion juice return, m3h; T - temperature, °C;
Ce.o - concentration of lime milk,%; b —ay,- the

model parameters to be determined by identifying
multidimensional time series using the Vector ODE
software environment [15].

As a control tool u; we select the value of the

expense of beetroot chips F,,, as a control tool u, we

select the value of diffusion juice consumption F,_.

According to the method of analytical construction
of aggregate regulators, the control laws depend on:

u,(Cepor PH,T); uz(c F..T). (10)

cp!” nos!

According to the method of analytical design of
aggregate regulators the control actions are defined. For
further research it is necessary to observe invariant
manifolds:

¥1(Ceuor PH,T) =0;
l/IZ(CCp’E'loe’T) = O (11)

In parallel, the consistent consideration of invariant
manifolds allows us to consider invariants as attractors
with attractive zones while applying control laws

w,(Copor PH,T) ; u,(C,, F,.., T).

cp?! ™ nos!
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There is a movement of the system in the phase
space up to the intersection of the manifold yq =0,

w, = 0. Goodness and temperature cannot directly affect
control %1, Uo, thus it is necessary to ensure such
linkage through ¥/;

vy =pH+T+v(Cpp),

W, = Fnos +T+ V(Ccp) ' (12)

where V - a certain function of the dependence of real
technological parameters.

Proceeding from the dependences (11) and (12) we’ll
obtain:

pH+T+v(C,.,)=0,

F,+T+v(C,)=0. (13)

noe

Changing the macro-variables %/, and ¥/, obey
the functional:

[
Ty (r)+y;(z) =0. (14)
Basing on the equation of the model and equation
(14) we’ll obtain:

Tldp—H+d—T+ v dCap +pH +T +
dt dt 0C., dt
+v(C,.0) =0,
dC.
T2 %4_61_]—'4_ v @ +F;106+T+
dt  di oC, dt

+v(C,)=0.

And the laws of interconnecting the technological
processes of sugar plant defecation:

— (Foc Can + 1, 'CCao) Cewo _

nos

u
1 pH
_ (F:)c +F:’106 +FCaO)'pH + CCaO
pH pH-T,
M - T ’ CCaO - E)c + Eloe. ’ CCaO
_ CaO
"2 = (16)
C, (
_FCaO.T+E)c'T+Fn06.T. +
C,
+FCaO _T. (F'dc +F’nos).T_
_ FCaO +E)c +Fﬂ08
Ccp ’ T2

where T;, T are the parameters of the synergetic

regulator.

Using the obtained relationships, it is possible to
synthesize regulatory influences for the technological
operations of the 1st and 2nd carbonation, as well as for
intermediate bowel movements.

The parameters of the control laws setting regulate
T;, T, regulation time. The condition of system stability
involves the values: 7,>0, T>>0.

While simulation the averaged technological
indicators of the technological parameters on the
equipment with a productivity of 3000 t / day were used.

As a result of the research, it was found that the
system is resistant to perturbations, and the time of
regulation depends only on the Ti, Tovalues. Moreover,
the nature of the transient processes does not change
while changing the time of regulation and accordingly
does not depend on it.

On the basis of the abovementioned, one can
synthesize the laws of mutual control for the
mathematical model of the saturator (17):
dFC‘) :Cl.FCZ Cce _CZ‘F() C3‘M‘C4'FC21

dr < T
dF()c F&c'CCe
_CS - _

dt T

—¢o Fe,, (17)
F, -pH

dr T Bre o

dc C -F,

=Cy Fe, —cyy ¢y Ce,

dr

where F, - the saturation gas consumption, m*h; F, -

p

consumption of diffusion juice, m¥%h; pH - pH of

diffusion juice; C, - dry matter content, %; 71 -

temperature, °C; C_, - concentration of carbonation

gas,%; C; —Cy, - the model parameters are determined

by identifying multidimensional time series using the
Vector ODE software environment [15].

The mathematical model (18) describes the process
to get syrup:
2

dF,. e "Ly
“=-pFy+p, F R+py———F+
dr h-T
, (18)
h-C,
T Dy T +ps-T
dF F F -F_ -C
co_p Lo o F Rop e T Te
dr De T P71y DPs e ’
_pg'hlccp'R-i_plO.T
@ FeCy bR FCyh
dr Pu T P T dr P T 47y

where F, - the flow of diffusion juice, m¥h; F, -
consumption of syrup, m¥year; R - goodness,%; Ccp -
dry matter content,%; /4 - level in the evaporation plant,

m;, T - temperature, °C; p,—p,, - the model
parameters to be determined by identifying
multidimensional time series using the Vector ODE
software environment [15].
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As a control tool u; we select the value of the
expense of beetroot chips F' oc» as a control tool u, we

select the value of diffusion juice consumption F,..

According to the method of analytical construction
of aggregate regulators, the control laws depend on:

w(R,C,,,T); u,(R,h,T) (19)

According to the method of analytical design of
aggregate regulators, control actions are defined. For
further research it is necessary to observe invariant
manifolds:

yi(R,C,,T)=0; w,(R,h,T)=0 (0

In parallel, the consistent observation of invariant
manifolds allows us to consider invariants to be attractors
with attractive zones while applying control laws

ul(R,Ccp,T) ;MZ(R,h,T).
There is a movement of the system in the phase
space up to the intersection of the manifold, yq =0,

w, = 0. Goodness and temperature cannot directly affect
control %1, Uo, thus it is necessary to ensure such
linkage through ¥/;

y,=R+T+v(C,), w,=R+T+v(h), (21)

where V - a certain function of the dependence of real
technological parameters.

Basing on the dependences (20) and (21) we’ll
obtain:

R+T+v(C,)=0, R+T+v(h)=0

Changing the macro-variables %/, and ¥/, obey
the functional:

(22)

Ly (t)+y;(r) =0. (23)
Basing on the equation of the model and equation
(23) we’ll obtain:

dC,
7 d—R+£+ v T +R+T+v(C,)=0
dt dt 0C, dt !
T, d—R+d—T+8—V@ +R+T+v(h)=0.(24)
dt dt oh dt
and he laws of interconnecting control of the

technological processes of the sugar plant diffusion
department.

Basing on the developed control laws (u,,u,),

recommendations are made in the form of determining the
nature of the change in the (Ti, T2) time regulation:
"increase”, "reduce"”, etc. To use these recommendations
in the automated control system it is necessary to
determine the quantitative characteristics of these
recommendations.

In order to evaluate the carried research, we
predicted the simulation to assume that the system
operation process is reproduced using an algorithm to be
implemented with the help of a computer.

L= — R-F —
T-T, T
2
r-c, Ccp.Fchr
T T h
c +17 T-C,°
+| =T~ — | Fo+
T T ‘
2 2
r-c,” T-C, .
T T cp cp
+ — —R - h+
R Co [Tj
T
2
T-C,
T
+
C,
T
T-C*
. v Gy ,op o Cop Fou F.
T-T, T T h
T-C,°
+ - RE}c_[Cq;"'(pj'R"‘
h , (25)
2 2 2 2
C, +T*T-C, T-C,” F.R
+ > . (,+ . > —
T T T h

[T—Bz T—BZJ F, T-B®
— + S0 4 -D
T T D T
where 7;, T» — are the parameters of the synergetic
regulator.

The structure of the simulation model of sugar plant
technological complex consists of the following blocks:
the immitter of input actions; model of microprocessor
system of individual parameters local regulation; expert
system of script control; unit for simulation results
representation and interpretation.

The subsystem structure of the simulation modeling
for the sugar plant technological complex is presented in
Fig. 2.

Using the Matlab Toolbox Simulink environment it
was constructed the simulation model (Fig. 3) of the
research of the sugar plant technological complex.

To investigate the efficiency of the elaborated
automated synergistic control system it was simulation
being performed by comparing the functioning of the
elaborated system with traditional schemes.

The formation of incoming actions was carried out
with the help of robust plans of the Taguchi’s experiment.
The results are shown in the table. 1.

According to Taguchi's approach, the design of
processes and industries should be handled predicting that
they are robust to the environment in relation to the
variability of the components and to ensure that the
dispersion of the indicators around the given value is as
low as possible.

Simulation was conducted in accordance with the
requirements of the technological process taking into
account the diverse factors of sugar production.
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formation of tasks by a
synergetic controller

subsystem of
optimization

A\ 4

?A

A\ 4

simulation model -

A

performance evaluation complex of synergetic -
subsystem regulators of technological
variables

A

Fig. 2. Structure of the subsystem of the simulation modeling of the sugar plant technological complex.

Fig. 3. Simulation model of the sugar plant technological complex in the Toolbox Simulink environment.

Table 1. Results of simulation modeling.

) ) Models of the existing control A
Dependence signal-noise, system Imitation control models
Eta i (Eta ivi i
(EtQpssgo0a) 1 (Et,000 g0a) Good | Losses, Produgtlvny, Goodness | Losses,% Erodug‘uv
-ness % m3/h ity, m3/h
pOX - 0,4 . i 0,33 i
Etaless—good = _10 * Ioglo = , ,
1 =n
Etamure—guad = _10 * Ioglo (7 * z yz) 8857 - 120 90,5 - 123,7
nooi=l f

Conclusions

1. The synthesis of interconnected control systems of
the diffusion, juice cleaning and evaporation departments
of the sugar plant technological complex by the method of
analytical construction of aggregate regulators is based on
the ideology of the synergetic control theory.

2. In order to synthesize the laws of synergistic
control of sugar production processes, invariant manifolds
(attractors) are used, in which the natural properties of the
object and the requirements of control tasks are properly

coordinated. The control laws are defined u; to provide

optimal control of the main sugar production
technological processes.

3. The simulated modeling of the proposed technical
solutions showed the improved product quality, the
increased productivity up to 1.8%, reduced energy
consumption up to 3.7%, and a decrease of sugar losses
up to 0.07%.
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e(eKTHBHOTO  YHpaBIiHHA HAa  OCHOBI  METOXIy
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BU3HAYUTH ONTHMAaNbHI 3HAUYeHHs IapamerpiB. B skocti
BUKOPDHCTOBYBAaHHMX BXIJIHUX YacOBHX pSJiB JaHHX
TEXHOJIOTIYHUX 3MIHHUX Y BHpOOHHMUTBI wnykpy. Jlis
JIOCITIIPKEHHS e(eKTUBHOCTI po3pobiienoi
ABTOMATH30BaHOT CUCTEMHU CHHEPTETHYHOrO YIIPABIIHHS 1
iMiTamifHe MOJENIOBaHHSA OyJ0 TMPOBEACHO IIIIIXOM
MOpiBHAHHA (DYHKI[IOHYBaHHS PO3POOJIEHOI CHUCTEMH 3
TPaAUIIHHUMH CXEeMaMH.

KurouoBi caoBa: cuHepreTH4HUN
aBTOMATH30BaHa  CHUCTEMa, MaTeMaTH4Ha
LIYKPOBHUI1 3aBO/I.
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MOJIETIb,

CUHTE3 CUHTETUYECKUX PEI'YJISITOPOB
ABTOMATU3UPOBAHHON CUCTEMBI
YIIPABJIEHU A U151 ITPOM3BOJICTBA CAXAPA
B. @. Jlvicenxko, M. A. Cuy, J]. C. Komapuyx

AHHOTALHSA. YroOsr peIuUTh mpobiemy
TEXHOJOTMYECKOTO  KOMIUIEKCa  CaxapHOrO  3aBoja
3¢ deKkTHBHOrO  ympaBieHHS Ha OCHOBE  MeToja

AHAJIUTHYCCKUX pa60T arperupoBaHHbIX PETYIATOPOB
HCO6XOHI/IMO OIpCAC/IUTD OIITUMAJIBHBIC 3HAUYCHUA
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mapameTpoB. B kadecTBe WCIIOJIB3YEMBIX BXOITHBIX
BPEMEHHBIX psIoB JTAaHHBIX TEXHOJIOTHIECKUX
MIEpEeMEHHBIX B IIPON3BOACTBE caxapa. [y ncciegoBaHus
s pexTrBHOCTH pa3pabOTaHHOW aBTOMATH3MPOBAHHON
CHUCTEMBI CHHEPTEeTHYECKOTO YIpaBICHUSL 178
HMHUTaMOHHOE MOJIEIMPOBaHUE OBLIO MPOBEICHO IyTeM
cpaBHEHUS (YHKIIMOHUPOBAHUS pa3pabOTaHHOU CHCTEMBI
C TPAJUIUOHHBIMU CXCMaMHU.

KawueBble cJI0Ba: CHHEPTETHUYCCKUI PErysATOp,
ABTOMATH3MPOBAHHASI CUCTEMA, MATEMAaTHUECKasT MOJICIb,
caxapHblIii 3aBOJ.
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Abstract. For the purpose of increase in reliability
and durability of roller forming installation the optimum
mode of back and forth motion of the forming cart on
acceleration of the fourth order is calculated. Kinematic
characteristics of the forming cart at the optimum mode of
the movement on acceleration of the fourth order are cal-
culated. The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart is offered and pro-
vides the optimum mode of back and forth motion of the
forming cart on acceleration of the fourth order. Use in
installation of the specified driving mechanism leads to
improvement of quality of a surface to the processed con-
crete mix, reduction of dynamic loadings in elements of
the driving mechanism, to disappearance of excess de-
structive loads of a frame design and, respectively, to in-
crease in reliability and durability of installation in gen-
eral.

Key words: roller forming installation, mode of the
movement, step engine, drive.

Introduction

In the existing installations of superficial consolida-
tion of concrete goods the crank ram or hydraulic drive of
back and forth motion of the forming cart with the con-
densing rollers is used [1-3].

Formulation of problem

During the constant starting and brake modes of the
movement there are considerable dynamic loadings in
elements of the driving mechanism and in elements of the
forming cart which can lead to premature getting out of
installation of the working condition.

Analysis of recent research results

In the existing theoretical and pilot studies of cars of
roller formation of concrete goods it is proved their de-

sign data and efficiency [1-3]. At the same time not
enough attention is paid to a research to the operating
dynamic loadings and the modes of the movement that
considerably influences work of installation and quality of
finished goods [4-19]. During the constant starting and
brake modes of the movement there are considerable dy-
namic loadings in elements of the driving mechanism and
in elements of the forming cart that can lead to premature
getting out of installation of the working condition [4-19].
In work [20] optimization of the dynamic mode of a re-
versal of roller forming installation is carried out. Howev-
er in such mode acceleration and acceleration of the sec-
ond order (breakthrough) of the cart are of great im-
portance in his extreme provisions. By optimization of the
breakthrough mode of a reversal of installation [21] ac-
celeration of the cart in extreme provisions changes
smoothly, however the breakthrough changes sharply and
is of rather great importance. Optimization of the mode of
a reversal of roller forming installation on acceleration of
the third about [22, 23] leads to the fact that in extreme
provisions of the cart acceleration and breakthrough
change smoothly, however acceleration of the third order
at the same time is of rather great importance and changes
sharply from zero to the maximum value. Therefore ur-
gent there is a problem of improvement of the driving
mechanism of roller forming installation for the purpose
of providing such mode of the movement of the forming
cart at which dynamic loadings in elements of installation
would decrease and its durability increased.

Purpose of research
The purpose of work consists in improvement of a
design of the driving mechanism of roller forming instal-
lation for increase in her reliability and durability.
Results of research
Coefficients of unevenness of the movement and dy-

namism can be criteria of the mode of the movement of
mechanisms and cars [24]. In this work as criterion of the
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mode of the movement the criteria action which is inte-
gral on time with sub integral function which expresses a
measure of the movement or action of system is used. For
the optimum mode of the movement on acceleration of
the fourth order we will have criterion of an optimality of
the movement in a look:

h
Izzj'th—>min, (1)
0
where ¢ — time; #; — duration of the movement of the

cart from one extreme situation in another; (O — energy
of accelerations of the fourth order:
v
2
Q =— [l (2)
2
y

where m — mass of the forming cart; x — acceleration of
the fourth order.

Poisson's equation is a condition of a minimum of
criterion (1):

0 _dao d? 00 d36Q

Ox dt ox dtz 0% g3 ax
3
s dfo P
4 IV 5 V7 !
dt o x dt ox
N4

where x, x, X, X, x — movement coordinate, speed,
acceleration, acceleration of the second order and acceler-
ation of the third order of the cart respectively.

From expression (3) it is possible to write down:

0 _00_00_00_o0
ox ox ox  ox s
0 x
14
gzm-x; 4
Ox
d° 00 X
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From the last equation (4) we receive the differential
equation and its decisions:
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where C]_, C2, C3, C4, C5, CG’ C7, C8’ Cg, ClO
— integration constants which are defined from boundary
conditions.
Boundary traffic conditions of the cart from one ex-
treme situation in another the following: entry conditions
-t=0,
X = xo y
x=0,
=0,
X=0,

final conditions

Here xg and x; — coordinates of extreme provi-
sions of the center of mass of the cart.
Having substituted boundary conditions in the equa-
tions (5), we receive:
t=0: ClO =XQ; ]\Nfg =0; ]\78 =0;

~ ~ 6
N7 =0; Ng=0; ©
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Having solved system of the equations (7), we re-
ceive integration constants C;, Co, C3, Cy and Cy:

C; = 25401600 - M;

7
Cy = —12700800-(3‘1;8’“0);
i
_ (xl - xo) .
Cg = 27216002207 ®)
n
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n
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We will accept amplitude of movement of the
forming cart Ax=x; —xg. Having substituted certain

constants of integration (6) and (8) in the equations (5) we
receive expressions for definition of kinematic character-
istics of the forming cart when moving from one extreme
situation to another at the optimum mode of back and
forth motion on acceleration of the fourth order:
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Having accepted amplitude of movement of the
forming cart Ax=0,4m and duration of the movement

of the forming cart from one extreme situation to another
1 =3s , on the equations (9) kinematic characteristics of

the forming cart at the optimum mode of back and forth
motion on acceleration of the fourth order have been cal-
culated. By results of calculations schedules of the opti-
mum mode on acceleration of the fourth order of change
of movement (Fig. 1, a), speeds (Fig. 1, b), accelerations
(Fig. 1, c), accelerations of the second order (Fig. 1, d),
accelerations of the third order (Fig. 1, e), accelerations of
the fourth order are constructed (Fig. 1, f) at the move-
ment of the forming cart of one extreme situation in an-
other. The law of the movement of the cart described by
the equations (9) can be carried out by the drive from the
high-moment step engine which is built in the rolling roll-
ers of the forming cart of installation. At the same time
the law of change of angular speed of the driving step
engine is described by the equation:

4 3 2 4
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4 14 4 i f
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Similarly the law of change of angular speed of the
driving step engine at the movement of the forming cart is
defined in the opposite direction:
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(t_il) _4(f—§1) +
i )
: Ax (c-1) (t-n)*
=-630—".| +6- - ,
¢ 2 2 g (12)
_4.(t__t1)+1
I

llﬁlSZZJ_;



22 Loveykin V. S., Pochka K. 1.

e

f

Fig. 1. Schedules of change of movement — a, speed — b, acceleration — ¢, accelerations of the second order — d,
accelerations of the third order — e and accelerations of the fourth order — f at the optimum mode of the movement

carts on acceleration of the fourth order.

Fig. 2. Roller forming installation with the drive
from the step engine.

For the purpose of reduction of dynamic loadings in
elements of installation and for increase in her reliability
the design of roller forming installation with the drive
from the high-moment step engine for ensuring back and
forth motion of the forming cart with the optimum break-
through mode of a reversal (Fig. 2) is offered. Installation
consists from the forming cart 1 which is mounted on the
portal 2 and carries out back and forth motion in guides 3
over emptiness of a form 4. The forming cart contains the
giving bunker 5 and the rolling rollers 6 on axis 7.

The cart is set in back and forth motion by means of
the high-moment step engine which is built in rollers, and
the axis of a roller plays a stator role, and a roller — a rotor
[25].

Transforming the first expression (9) for a case when
the beginning of coordinates is counted from the average
provision of his movement, we will receive:
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The law of the movement of the cart described by the
equation (12) can be carried out by the drive with the cam
mechanism (Fig. 3) of back and forth motion of the cart.

At the same time the movement of the cart in one di-
rection is carried out due to turn of a cam 1 on a half of a
turn (that is ¢ = 77 ) and in the returnable direction on a

half of a turn; a full motion cycle of the cart — for one turn
of a cam.

It is necessary for implementation of the described
law of the movement of the cart that the increment of ra-
dius of a cam corresponded to an increment to movement
of the cart.

According to it the variable radius of a cam is de-
fined by dependence:

4 3
7031504
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2 2 ) h \u
1126

where b — distance between pushers 2 (Fig. 3).

Fig. 3. The scheme of the mechanism with the cam
drive of back and forth motion of the cart.

Time ¢ can be excluded from dependence (13) as

) _T
t_/é,thl_/g.

Here ¢ - angular coordinate of turn of a cam, and

o —angular speed of a cam.

After the corresponding transformations the radius of
a cam which describes his profile contacts angular coor-
dinate the following expression:
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Similarly the cam profile on the site of his turn from
1 to 2m which is described by the radius changing on
dependence is defined:

(o-n)
70 -
TC4
_ysle=
TE3
_b A (o-nf _|(o—nf
p—5—7 2| +540 TCZ - Tc5 -1 y . (15)
s0l0=m),
T
+126
) n<e<2n )

For prevention of blows of a cam about pushers at
change of the direction of the movement of the cart (14)
and (15) profile of a cam (Fig. 4) described by the equa-
tions have such appearance that its diameter the d con-
stant and is equal to distance between pushers b (d =b)
in any situation.

Fig. 4. The cam profile realizing the optimum mode
of the movement on acceleration of the fourth order.

For the purpose of reduction of dynamic loadings in
elements of installation and for increase in her reliability
it is offered an installation design with the driving mecha-
nism for providing the optimum mode of back and forth
motion of the forming cart on acceleration of the fourth
order (Fig. 5). The driving mechanism is executed in the
form of pivotally the cam mechanisms installed on the
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portal which contact to the pushers which are rigidly at-
tached to the forming cart.

Installation contains 1 forming cart 2 mounted on the
motionless portal which contains in itself the giving bun-
ker 3 and the rolling rollers 4 and carries out reciprocating
the movement in guides 5 over emptiness of a form 6
[26]. The cart is set in motion by means of two drives 7
attached to the portal 1 in the form of the cam mecha-
nisms rotating with a constant angular speed
(o = const ), but different in the direction and contact to
two pushers 8 which are rigidly connected to a cart 2
frame. Existence of two pushers 8 from each party of the
forming cart 2 allows to create a rigid power chain at her
direct and returnable movement.

Fig. 5. Roller forming installation with the cam driv-
ing mechanism.

When using in installation of the drive from the
high-moment step engine which is built in the rolling roll-
ers which law of change of angular speed is described by
the equations given above quality of the processed con-
crete mix increases, dynamic loadings in drive elements
decrease, excess destructive loads of a frame design de-
crease and, respectively, durability of installation in gen-
eral increases.

When using in installation of the cam driving mech-
anism from each party of the forming cart the possibility
of her axial distortion is prevented, the quality of the pro-
cessed concrete mix increases, dynamic loadings in drive
elements decrease, excess destructive loads of a frame
design decrease and, respectively, the durability of instal-
lation in general increases.

Conclusions

1.As a result of the conducted researches for the
purpose of increase in reliability and durability of roller
forming installation the optimum mode of back and forth
motion of the forming cart on acceleration of the fourth
order is calculated.

2.Kinematic characteristics of the forming cart at the
optimum mode of back and forth motion on acceleration
of the fourth order are calculated.

3.The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart with a possibility of
realization of the optimum mode of back and forth motion
on acceleration of the fourth order is offered.

4.The design of the drive of installation in a type of
the cam mechanism is offered and the cam profile for
providing the optimum mode of back and forth motion of
the forming cart on acceleration of the fourth order is con-
structed.

5.Results of work can be used further for specifica-
tion and improvement of the existing engineering meth-
ods of calculation of driving mechanisms of cars of roller
formation both at design/designing stages, and in the
modes of real operation. Also results of work can be use-
ful at design or improvement of mechanisms with back
and forth motion of executive elements.
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PEAJIIBALIIA OIITUMAJIBHOT O PEXXKUMY PYXY
POJIMKA ®OPMYIOUOI YCTAHOBKU HA TTPHC-
KOPEHHA YETBEPTOI'O ITOPSKY
B. C. Jloseuikun, K. 1. Ilouka

AHoranig. B riiysx 3011bIIeHHS HaiMHOCTI 1 JOBrO-
BIYHOCTI posiKa ()OPMYIOUYHM BCTAHOBJICHHS ONTHMAJIBHO-
rO peXUMY pYyXy BIepen i Hazax B (GopMmyrodol Bi3KH Ha
PO3TIH YeTBEPTOro MOPSAKY po3paxoByerhes. Kinemaru-
YHI XapakTePUCTHKH (POPMYIOUYM KOUIUK MPH ONTUMAaIb-
HOMY PEXHMI pyXy Ha MIPUCKOPEHHS YETBEPTOIO MOPSAKY
po3paxoByroThes. Ju3aiiH posiukoBi ¢GopmyBanbHI ycra-
HOBKM 3 TPHUBOJOM BiJi BUCOKOT'O MOMEHTY KPOKOBOI'O
JIBUTyHa, SIKUM IMOOYZOBaHMI Ha IPOKaTHUX POJIHKIB,
YTBOPIOIOTH Bi30K 1 3a0e3medye ONTUMAbHUA PEKUM
PyXy BIlepe 1 Hazan (OopMYIOUOi Bi3KH Ha PO3TiH YETBEp-
TOTrO TMOpsIKy. BUKOpUCTaHHS B yCTAHOBII 3a3HaYEHOTO
NIPUBOJHOTO MEXaHi3My IpPHU3BOJIUTH MO ITOKpAICHHS
SKOCTI 00pOOJIIOBaHOT MOBEpXHI OETOHHOI cyMilli, 3HU-
JKEHHsI JMHAMIYHUX HABAaHTaXEHb B €JIEMEHTAaX HPUBOJ-
HOTO MEXaHi3My, 70 3HUKHEHHS 3aiBOTO pPyWHIBHHX Ha-
BaHTa)XX€Hb KOHCTPYKIliS paMH i, BiJIITOBiAHO, 30iIbIIUTH
HaJIAHICT 1 JOBTOBIYHICTh YCTAHOBKH B IIJIOMY.

KuouoBi cioBa: poymkoBi (opMyBaibHI YCTaHOB-
KU, PEXKHUM PYXY, KPOK ABUTI'YHA, IPUBO/IL.

PEAJIM3ALINA OIITUMAJIBHOI'O PEXXMMA JIBU-
JKEHIA POJIMKA CDOPMMPYIOILLEPI YCTAHOBKHA
HA YCKOPEHHME UETBEPTOI'O ITOPSJIKA
B. C. Jloseuixun, K. . INouxa

AHHOTauMs. B 1ensx yBeqnyeHUs] HAIEKHOCTH U
JIONITOBEYHOCTH pOJIHKa (HOpMHUpPYS YCTAHOBKH ONTHMA-
JBHOTO peXMMa IBWKEHUS BIEpen M Ha3ad B (QOpPMYyIO-
mel TeNeXXKH Ha Pa3rOH  4YeTBEPTOro  MOpsaKa
paccuutbiBaeTcs. KnHemaTndeckne XapakTepUCTHKH (o-
PMUPYSL KOp3UHY IPU ONTUMAJILHOM PEXUME IABUKECHUS
Ha YCKOpPEHHE YETBEPTOro TMOPSIKA PaCCUUTHIBAIOTCS.
Juzaitn ponukoBbie (POPMOBOYHBIC YCTAHOBKH C MPHBO-
JIOM OT BBICOKOTO MOMEHTA IIIaroBOr0 JBHUTAaTENs, KO-
TOPBIN MOCTPOEH Ha MPOKATHBIX POJHMKOB, 0O0pPa3yIOUIUX
TENEeXKKY U 00ecCreurnBaeT ONTUMAIBHBIN PEXUM JBUXKE-
HUS BIlepel W Hazan (GopMyromeil Tele)kKKH Ha pa3TroH
94EeTBEPTOTO IMopsiaka. Vcrmonb30BaHue B YCTaHOBKE YKa-
3aHHOT'O NPHUBOJHOTO MEXaHW3Ma IMPHUBOAUT K YIydIle-
HUIO Ka4ecTBa MOBEPXHOCTH 00pabaThIBaeMOW OCTOHHOM
CMeCH, CHIDKCHHE NHHAMUYCCKUX HATPY30K B DIIEMCHTAX
MIPUBOJTHOTO MEXaHW3Ma, K MCYC3HOBCHHIO JIUIIHETO pa-
3pYIIUTENBHBIX HAarpy30K KOHCTPYKIHS paMbl H, COO-
TBETCTBEHHO, YBEIWYHTh HAJIEKHOCTh U JIOJTOBEYHOCTH
YCTaHOBKH B IIEJIOM.

KiiloueBble €JI0Ba: PONMKOBBIE (DOPMOBOYHEIE yC-
TaHOBKH, PEKUM JABWKCHUS, 11Tl IBUTATEIIS, IPUBO/I.
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Abstract. The oscillations of the structural elements,
the drive mechanism and the traction body are minimized
by optimizing the movement modes of the grain elevator
during transient processes, which made it possible to
increase its efficiency. Based on the chosen dynamic
model, a mathematical model was created using the
d'Alamber’s principle. The optimization process of the
start-up mode of the bucket elevator was considered by
the criterion of mean rate of change efforts in the traction
body during clash on the drive drum. Found laws of
motion for working branch, the tensioning drum and the
drive drum which correspond to the optimal mode of
movement of the bucket elevator. Based on the
discovered laws of motion were built kinematical
characteristics of the main parts of the elevator which are
presented in the form of graphical dependencies for the
optimal motion mode. The graphical dependencies of the
effort changes in the traction body during clash on the
drive drum and shrinkage from the tensioning drum also
received. Based on the graphical dependencies established
that during start-up bucket elevator at the optimal mode of
motion there are small oscillating processes that are the
smallest just in the optimization by the criterion of mean
rate of change efforts in the traction body during clash on
the drive drum.

Key words: bucket elevator, dynamic model,
mathematical model, motion mode, dynamic load, effort,
oscillation.

Introduction

To improve the technological of processing and
transportation of grain is advisable to increase the
efficiency of work the bucket elevator. During the motion
oscillations occur in the elements of the drive mechanism,
traction body and supporting structures, which lead to
increasing dynamic loads [1]. These loads are most
significant during transition processes (start, braking or
locking, switch from one speed to another), which leads
to the accumulation of fatigue stresses in the construction
of the elevator. This in turn leads to premature destruction
of it, and complicates the technological process of
transportation of grain material (rashes and damage the

grain), which negatively affects the safe operation of the
elevator as a whole.

Formulation of problem

The minimize oscillations of structural elements,
drive mechanism and traction body can be through
optimization of movement grain elevator during transition
processes that will improve its efficiency.

Analysis of recent research results

Works Khorolsky I. M., Kondrahin V. P.,
Spivakovsky A. O. and others [2-6] were devoted to
simulation of working process elevator as multimass
system with closed loop. In work [7] the optimization of
mode start-up is reduced to finding the minimum time
start conveyor under different conditions (strength ribbon,
no slip ribbon on the drum, and the maximum moment of
the motor). But at the calculation are used statistical
indicators of conveyor, which do not fully reflect dynamic
processes of vertical belt bucket elevators.

In [8] the mathematical model of the motion of the
bucket elevator where accepted statistical mechanical
characteristic of the drive motor is not fully reflects the
movement of the elevator. Therefore there is a need to use
the dynamic characteristics of the drive motor, which is
enough to reflect the dynamic processes at the time of
launch.

For optimization the modes of motion of the lifting
machines used the methods of dynamic programming [9],
the maximum principle [10] and the calculus of variations
[11-14].

The most appropriate method to eliminate of
oscillations in the elements of the bucket elevator is the
calculus of variations, because at the decision of problems
in the final result will getting smooth functions of changes
kinematics characteristics.

The traction body (ribbon) is the main element of
grain elevator, that’s why the modes of motion for
optimization appropriate to use criteria that reflect the
dynamic load in the traction body.
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Purpose of research

Improve the efficiency of the bucket elevator by
optimizing the mode of motion of drive mechanism.

Results of research

For optimization the modes of motion of the bucket
elevator selected the dynamic model. We will consider
that all elements of the bucket elevator are absolutely
rigid bodies besides ribbon and drive mechanism. All
inertial masses are reduced to axis of rotation of the drive
drum. The rigidity of drive mechanism reduces to this
axis too. We consider that slip between the ribbon and the
drive and tension drums are absent. Such assumption is
provided the necessary preloading ribbon and enough
clutches between drive and tension drums with ribbon.
Mass of buckets and areas between ribbons is replaced
one weight, which is concentrated in their center of mass
at the working and non-working branches of the
conveyor. Rigidity of the ribbon on the working and non-
working branches of the conveyor consider the same.

Ignored the transverse vibrations of the buckets and
ribbon, because they are minor compared to the main
movement and they are more dependent on design
features of the elevator but not from the mode of
movement.

The chain contour of ribbon with buckets and drums
are represented as chain open-circuited contour in the
dynamic model of the bucket elevator (Fig.1). Conditional
cut of ribbon made at the point of clash the ribbon on the
tension drum. This is accepted that the tension of the
ribbon at this point is equal to pre-loading ribbon with
device tensioning with a force Fy. Such assumption is
accepted and used by many authors for the study of
ribbon and chain conveyors [2].

Fig. 1. Dynamic model of the bucket elevator.

As a result of the accepted assumptions the bucket
elevator consider as mechanical system with five degrees
of freedom, which is presented as a dynamic model,
shown in Fig. 1. For generalized coordinates was taken
the angular coordinates of rotor of the electric motor,
which are reduced to the axis of the drive drum ¢, , drive
drum ¢/ and tension drum ¢, and also longitudinal the
linear coordinates of the center of mass of the working
and non-working branches of the bucket elevator.

For the purpose of differential equations of motion
bucket elevator, dynamic model is presented in Fig. 1, we
use the principle of dynamic equilibrium of d'Alembert.
According to this principle the equations of motion have
the form:

Jopy =M _Co(% -0,
Sy = co(@y =) —cr(pr —x,) + Cr(xz or )
m; = c(@r —x,) —c(x, — @,r) —mg, 1)

m,X, = Fy + m,g —c(x, —gyr),

Sy, = cr(x, —r) - M, - Fyr,

where: Jy , J;, J>» — moments of inertia relative to their
axes of rotation of the drive mechanism, which was
erected to the axis of rotation of the drive drum, drive and
tension drum to accordance,

my, mz, — the total masses of the working and non-
working branches of the elevator to accordance,

co — stiffness of elastic elements of the drive
mechanism that reduced to the axis of rotation of the
drive drum,

¢ — stiffness of half the length of ribbon on the
working (non-working) branch of the conveyor,

M, — the driving moment on shaft of the motor that
reduced to the axis of rotation of the drive drum,

M, — the moment of resistance from loading buckets
that reduced to the axis of rotation of the tension drum,

r — the radius of the drive drum and tension drum,
which were adopted equal,

g — acceleration of free fall.

Consider the optimization process the start-up mode
of the bucket elevator by the criterion of mean rate of
change efforts in the traction body during clash on the
drive drum. We will define the efforts in the traction body
during clash on the drive drum from the third equation of
the system (1):

R, = c(golr - xl) =myX, + c(xl - ¢2r)+ mg. (2)

From the last equation of the system (1) will find the
coordinate x; through ¢, and it second derivative for time:
cr c

We will differentiate expression (3) for time, as a
result we receive:

J,
(02r+ ¢2’ X = (/)2’”+ (p2'
v wow Jz Vi
¢2r+ (02’ X = (Pzr"';(oz’ 4)
v J vir vi v J, "
%V‘*‘ (Pval (/727”+_(P2-
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Substituting the expressions (3) and (4) in depending
(2), then we have:
1w

R, = ml—JZ(p2+ (ml + J—nggbz + % +F,+mg. (5)
cr r r

We will differentiate expression (5) for time, as a
result we receive the depending of speed changes efforts
in the traction body during clash on the drive drum:

mJ, V Jo ) ..
Q,+ ml+r_2 rQ,. (6)

The mean rate of change efforts in the traction body
during clash on the drive drum defined as an integrated

functional:
1
. 1 b 2
Rllcx = _JRlzldt ) (7)
19

where: ¢ — time, ¢; — the duration of the transition process
(start, braking, speed change, reverse).
The integrand expression of functional (7) is:

f= R —[ m/ ( +i—§)r§b’2}.(8)

Differentiating the expression (8) in compliance with
the equation (9), we have:

LA A A
op 0, 09,

Ru =

8(02
i—Z( 1+—j { ( J—j)r(ﬁz}
o0, r
mJ, J "
=2 M+
0,
d3 0 J m.J. Vi J w
F#ZZ(WHF—Q{ Clrz (Pz“'( _2)’”(02}
)
d® of

J mJ X J Vi
5 7 :21711 2| = ?’2‘*‘(’”1"’ }”(02 (10)

dt 0 cr cr P
2

After substituting expression (10) in equation (9) we
obtain the differential equation tenth order:

2 x viir
(ml—'jz) ¢2+2m1—t]2(ml+‘]_§j.r.¢2+
cr cr r
2y
+(m1+J_§J r’ g, =0.
r

Divide all the members of (11) on the coefficient
near oldest derivative and will made a substitution:

(11)

2 2
- m1+J2/r or? = myr-+J, ¢, (12)
myJ, myJ,
we got
X Vil Vi
@, +2k* p,+k* @, =0. (13)

Equation (13) is a homogeneous differential equation
tenth order with constant coefficients. For it solution will

make the characteristic equation
r° 4+ 2k%r® + k*r® =0, which can be written in this
form:
Pt 2k3? k) =0 (9)
Solution of equation (14) gives:
r® =0, (15)
rt 42kt +k* =0, (16)
From equation (15) we'll have six roots:
n=r,=r=r=r1,=r =0, (17)

and the equation (16) is biquadrate equation which after

the  replacement p= r®,  have a form
pP+2k*p+k* =0.
Solution of this equation gives:
=—k* £k - k* =k,
hh=DP= —k*.
Then
rszxjplz\‘_kzz— 18)

2
Foro =/ P2 =N— k" ==k,
As a result, the general solution of equation (13),

based on the roots (17) and (18) of the characteristic
equation (14), has the form:

@0, =C+Cot +Ct” +C,t° + Ct* + Cyt® +
+(C, + Cyt)sinkt +(Cy + C,yt )COS kt
@, =C,+2C,t +3C,t° +4C 1% +
+5C,t* +(Cy — Cok — Cyokt)sinkt +,
+(Cyy + C,k + Cyht )OS kt
@, = 2C, +6C,t +12Ct* + 20C,t° -
—(2Cyy + Cyk + Cykt Yesin ke + ,
+(2C, — Cyk — Cypkt ke cos kt
®,=6C, +24C,t +60C,t" —
—(3C, — Cyk — Cyokt Jic? sinkt —,
—(3C,y + Cyk + Cyht Jk? coskt

1w

@, =24C, +120Ct +
+(4C, + Cyk + Cykt )ic® sin kt —
—(4C, - Cyk — Cyht k* coskt,
(sz =120C, + (5C, — Cyk — C, okt Jic* sin kt —
—(5C,y + C,k + Cyht Jk* cos ke,

where: C;, C,,..., Cjp — constant of integration which
found from the boundary conditions of motion:

Vi
=0,¢, =0,

(19)

t=0:0,=0,90,=0,¢,=0,9,

v v 0
=0,¢0,=0,9,=0.

=t ¢, =0,¢,=0,¢,
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where: 0, - the established angular velocity of the
tensioning drum, ¢; — the duration of the transition process
(start-up).

Substituting the boundary conditions (20) in the
system of dependencies of kinematic characteristics of the
tensioning drum (19), we obtain a system of linear
equations to determine the constants C; (i=1, 2, ..., 10):

G +C, =0,

C,+C,+Crk =0,

2C, +2Ck — Cyk* =0,

6C, —3C,pk* —C,k* =0,

24C, —4C k> + Ck* =0,

C, +2C,t, +3C . +4C L +

+5Cyt; +(Cy — Cok — Cyokt, )sin kt, +
+(Cyp + Cyk + Cgkt, )eoskt, = o,
2C,+6C,1, +12C5t12 + 20C6t13 -
—(2C,y + Cok + Cyht, e sin kt, +
+(2C, — Cok — Cokt, k cos ke, = 0,
6C, +24Ct, +60C,t —

—(3C, — Cyk — Cykt, )k sin kt, -
—(3C,y + C,k + Cykt, )ic® coskt, =0,
24C; +120Ct, +

+(4C,y + Cok + Cyhet, i sin kt, -
—(4C, — Cyk — Cokt, )k* coskt, =0,
120G, +(5C, — Cok — Cyokt, ) sin kt, +
+(5C,, + C,k + Cgkt, )k* cos kt, = 0.

As a result of solving the system of equations (21)
we find the constants of integration C; (i=1,2,...,10) and
substitute the depending (19).

The (19) is the optimization the mode of motion of
the bucket elevator by criterion of mean rate of change
efforts in the traction body during clash on the drive drum

during start-up.
For the bucket elevator with parameters that were

(21)

calculated [15]: Jo=65 kgm’, Ji=78,4 kg-m?,
J>=78,4 kg-m?, wy=5,7 rad/s, R=0,315m,
co=2000 N'-m/rad, ¢=330000 N/m, n;=32, n,=32,

me=9 kg, m«=9 kg in the program of the Mathematica 9.0
[16] were calculated kinematic characteristics that are
represented as graphs which are shown in the Fig. 2.

These graphs show characteristics for optimal mode
of motion by the criterion of mean efforts in the traction
body - the dotted line, and by the criterion of mean rate of
change efforts — a solid line. Knowing the law of mation
of the tensioning drum, which corresponds to the optimal
mode of motion of the bucket elevator by a system of
differential equations (1) we find the laws of motion of
other parts. Law of motion of the working branch is
defined from dependencies (3) and (4) and represented as
graphs on the Fig. 3.

&' rad|s

(=]
L1
L1

-;r,s

(=]

2 by
Fig. 2. Graphs of changes kinematic characteristics
of the tensioning drum: a) speed, b) acceleration.
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Fig. 3. Graphs of changes kinematic characteristics
of the working branch: a) speed, b) acceleration.
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And the law of motion of the drive drum will defined
from the third equation (1) and represented as graphs on
the Fig. 4:

m

§01:_(02+2ﬁ+ jéﬁ'g)'
r cr

. . Xpom . .. X om Y
Q==+ 22—+ —X, ==+ 2—+—x,,(22)
roocr roocr
4
e e Xy om0 Sy
Q=P+ 2=+ — X, Q== 2=+ —x;.
roocr roocr
&;' radls
s N
sf O/
E ’
L
r oy

b)
Fig. 4. Graphs of changes kinematic characteristics
of the drive drum: a) speed, b) acceleration.

Solving the penultimate equation of system (1), we
found the law of motion non-working branch of elevator:

m,X, +cx, =cre, +m,g + Fy.  (23)
Substitute into the equation (26) the expression ¢,
from the system (22) considering of expressions x,; and

X, at (3) and (4), resulting we have:

. [ J, j .
myX, +Cx, =cr, +| 2—5+my [rg, +
' (24)

Vi4
+ /s O, + m,g + 2%+3F0.
cr r

Then substitute into the equation (24) expressions
1w
@, ¢, and @, from the system (19), so we have:

C,+Cot+Cyt* +Cyt° +
m,x, +cx, = cr| (Cy + Cyt)sin kt + +
+(C, + Gyt )cos kt
2C,+6C,t —
—(2C, + Cyk + Cyht Yesinkt + | +
+(2C, — C,k — Cyht Yk cos kt
s {(4c8 + Cok + Cght )k* sin kt —} .

er | = (4C, - Cok - Cyt ) coske

+[ml+2j—§ r
r

Ccr

+ng+2%+3F0
r

crC, +

N J,
myX, +cx, = +2C3[m1+2r—2 r+ |+

+m,g + 2%+3F0
r

+ {chz + GCAF(m1 + 2']—22)} +
r
+erCyt? +erCt’ +

crCy —(2C, + Csk)kr(ml + 2J—§j +
r

+ +
+(4C, + Ch W™z
cr
2 J,
crCy — Cek“r| my +2— |+
+ tesinkt +
+ gkt a2
cr
J2
crC, +(2Cs — Cok k| my + 252 |-
r
+ +

—(4C, - ke )i mJy
cr
2 Jz
crCy — Cgk“r| my +2—- |+
+ t +COSkt

L Ot M2
8 cr

myX, +cx, = ay, + at +at’ +at’ +
+(a, + agt)sin kt + (a, + a,t)coskt
We write the equation (25) in this form:
. 2 2 3
X, +kix,=ay+at+a,t” +agt +

+(a, + agt)sinkt + (a, + a,t)cos kt

(25)

(26)
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Here

k, =+m,/c. 27)

The general solution of (29) we looking as the sum

of a full solution of the homogeneous equation and a
partial solution of the full equation, so:

X, = x; + x; (28)

The homogeneous equation X, +k12x2 =0. we

write to him the characteristic equation r’+k*=0,
whence 7, ==tk,. Then the general solution of the
homogeneous equation is:

X, = A, sink;t + A, COSk,t, (29)
where: 4; i A, — constants which determined from initial
conditions of movements.

Based on the type of the right side of the equation
(29), his partial solution has the form:

x, =By + Bt +B,t* + Byt’ +
+(B, + Byt)sinkt + (B, + B,t)cos kt

We will differentiate expression (5) for time twice,
as a result we receive:

%" = 2B, + 6Byt — (2B,k + B> + Bkt )sinkt + o
+(2B,k — B,k? - Bkt )cos ke

Substituting expressions (33) and (34) in equation
(29), then we have:

(30)

2B,k +

+ B,k* + Bkt

+ (235k —Bk* — B7k2t)cos kt +
B, + Bt + Byt’ + Bt* +

+kl| +(B, + Bg)sinkt+  |=
+ (B, + B,t)coskt

2B, +6BBt—( jsin kt +

(32)

=a,+at+ a2t2 + a3t3 +

+(a, +agt)sinkt +

+(a, + a,t)coskt.

We group the components of the left side of the

equation (32) according to the components of the right
side of the equation and then obtain:

2B, + Bk = ay,

6B, + Bk’ = aj,

Bkl = a,, B;k? = aj,
—(2B,k + BK?)+ B =a,,
— B.k* + Bk = ag,

(2Bsk — Byk? )+ Bok? = ay,

~ Bk* + B,k = a,.

Having solved a system of linear equations, we find:

5 % —2a2/k12
0 klz !

(33)

B _% 6a,/k’
1~ k2 '
1
a a
B,=%2 p =%
2 k12 3 k12
2ka7/(k12 —k2)+ a,
B4 = k2 _k2 !
1
(34)
a
B.=-—%
5 klz _k2
5 _ 95— 2ka, /(K — k)
6 k2 _kZ !
1
a
B =11
7 k12 _k2

Then the general solution of equation (26) has the
form:

x, = A, Sinkt + A,coskt + B, + Bt + Byt* +

\ _ 35)
+ B,t> + (B, + Byt)sinkt + (B, + B,t)cos kt
Take the time derivative of the expression (35):
X, = Ak, coskt — Ak sinkt+ B, +2B,t +3B;t" +
+(B; — Bok ~ Bkt)sinkt + (B, + B,k + Bskt)coskt; (35

i, =— Akl sinkg - A,k coskt+2B, +6Byt -
— (2B, + B,k + Bkt Jiesin kt + (2B, — Bgk — Bkt )k cOS kt.
The unknown constants 4, and 4> determined from
initial conditions of motion:
t=0:x,=x,=0. (37)
Having substituted the initial conditions (40) in the
depending (38) and (39) we get:

A, +B,+ B, =0;
(38)
Ak, + B, +B, +B,k=0.
From the system (41) we have:
4 =_(Bl +B; +BAk)/k1; (39)

A4, =-B, - B;.

After finding the law of motion the non-working
branch of elevator we can define the law of motion of the
rotor of the electric motor that reduced to the axis of the
drive drum.

For this we use the second equation of (1):

2
cr J, .. cr
Q=0 1+2— +_l(01__(x1+x2)’
Co Co Co
2
) ) cr J,o.. cry ..
Qo= 1+2— +_l(p1__(x1+x2)’ (40)
Co Co Co
2
. . cr U oerg.. .
Oy =¢| 1+2— +_l(p1__(x1+x2)'
Co Co Co
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Table 1. The mean and maximum values for optimal regimes.

Criteria for evaluation

Indexes

The mean efforts in the traction body

The mean rate of change efforts in traction body

The mean value

The maximum value

The mean value The maximum value

X, m/s 1.311 1.784

1.246 1.793

X, m/s’ 0.733 2.184

0.525 0.918

@y, rad/s 4.116 5.622

3.909 5.693

@y, rad/s’ 2.365 6.941

1.575 2.777

(/.)2 , rad/s 4,184 5.664

3.983 5.693

@, , rad/s’ 2.029 5.246

1.712 2.935

Ri, N 14944 15586

14947 15425

R, N 9042 9988

9039 9413

10000

5000

-;f,s

Ry(f), N

10000

T
L]

sooo |
sooo [
4000

2000 -

: : 4;*,3

1 2 3
b)
Fig. 5. Graphs of change of efforts in the traction
body: a) during clash on the drive drum, b) at shrinkage of
the tensioning drum.

Now can find dependences of changes of resilient
and driving moments of the drive mechanism from using
the first equation of the system (1):

My =c¢, ((/’o - (/’1)7 (41)
M0=M01+J0¢0- (42)

Effort in the traction body during clash on the drive
drum is defined by the following expression (Fig. 5. a):

R, = c((olr -X; ) (23)
Efforts in traction body at shrinkage of the
tensioning drum (Fig. 5. b):

Ry = c(xl —Q,r ) (24)

In the program Mathematica 9.0 for optimal mode of
motion was calculated the mean and the maximum values
of the following indicators:

- angular velocity and acceleration of the drive and
tensioning drums,

- linear velocity and acceleration consolidated mass
of working branches,

- efforts in the traction body during clash on the
drive drum and at shrinkage of the tensioning drum.

As a result of the calculations obtained data are
presented in the Table 1.

From the graphic of dependencies can see that at
start-up of the bucket elevator in its moving parts there
are oscillatory processes.

The magnitude of these oscillations depends on the
accuracy of modelling parts of the conveyor.

To simplify the optimization mode of motion by
criterion of mean rate of change efforts in the traction
body during clash on the drive drum is used a dynamic
model with one mass on the working and non-working
branches in accordance.

After analysing the graphs can see that oscillatory
processes occurring during optimization the mode of
start-up by the criterion of mean efforts in the traction
body is greater than during optimization by the criterion
of mean rate of change efforts.

The maximum value of acceleration on the working
branch and on the drive drum during optimization effort
in the traction body is 2.5 times higher than the same
value at optimization of rate of change efforts.

Also, the maximum value of efforts in the traction
body at shrinkage of the tensioning drum at the first
criterion is 4% higher than in the second.

It should be noted that the graphs of change efforts in
the traction body during clash on the drive drum have
smaller fluctuations than at the shrinkage of the
tensioning drum.

Conclusions
1. The dynamic model the mode of motion of the

bucket elevator was constructed as mechanical system
with five degrees of freedom. For optimization the mode
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of motion of the bucket elevator by the criterion of mean
rate of change efforts in the traction body during clash on
the drive drum was created a mathematical model, which
based on the chosen dynamic model. Using the developed
mathematical model obtained dependences of kinematic
and force characteristics of parts for this optimal mode.
Analyzing the results can see that optimization for both
criteria of evaluation leads to oscillations, but in the
second case (rate of change), these oscillations are much
smaller.

2. In order to get rid of these oscillations is
recommended to optimize the mode of motion by the
criterion of mean acceleration the rate of change efforts in
the traction body during clash on the drive drum.

3. Also it is necessary be noted that during conducted
research was obtained optimal mode of motion at a
constant force of resistance downloading the grain. It
would be advisable to consider the impact of variable
resistance downloading the grain, as is done for scraper
conveyors in [17-20].
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OIITUMIBALIA PEXMMY 3AITYCKY KOBIIOBOI'O
EJIEBATOPA 3A KPUTEPIEM CEPE/JHBLOI
MBUJKOCTI 3MIHU 3YCUJIJIA B TA3I TUIA I
YAC 3ITKHEHHS HA [IPUBOJIHVI BAPABAH
B. C. Jloseiixin, FO. B. Jlogeiixin, JI. 5. Tkauyx

Anortanisg. KomuBaHHS CTpPYKTYpHHX €JIEMEHTIB,
MEXaHi3My TIpHBOJA 1 TSArOBOTO OpraHy 3BEIEHI [0
MIHIMyMy [UIIXOM ONTHMI3alii pPEeXUMIB pyxXy Ha
eJIeBaTop IiJ Yac MepeXiTHUX IPOIECiB, MO TO3BOIHIO
MABUIMUTH HOTO e(eKTUBHICTh. B 3amekHOCTI BiA
0o0paHO1 AWHAMIYHA MOJIENIb, MATEeMaTHYHA MOJENb Oyia
CTBOpPEHA 3 JOMOMOTOI0 pHHIMITY 1 ' Anambepa. [Ipomec
ONTHMI3alii MyCKOBOTO PEXHMY KOBIIOBOTO €JI€BaTOpa
OyB po3risiHyTHil Kputepiit CepemHsi HIBHAKICTh 3MiHU
3yCWUISl Ha TATOBUHM OpraH IijJ 4Yac 3ITKHEHHS Ha
MpUBOAHOMY OapaOaHi. 3Haii/icHI 3aKOHH PyXy po0Oouoi
TUIKY, HaTSDKHUKA OapabaH mnpuBogHMN OapaOaH, sIKH
BI/INOBIJIa€ ONTHMAIBLHOMY PEXHUMY PyXY B KOBIIOBHI
eneBarop. Ha OCHOBI BHSIBICHHUX 3aKOHIB pyXy Oynu
moOyMoBaHI KiHEMAaTH4YHI XapaKTEPHCTHUKH OCHOBHUX
4acTUH Ji(Ta, SKi NPEACTaBICHI y BUTIAAL TpadiqHUX

3QJeKHOCTEH JUIA  ONTUMAJbHOTO PEXUMY  PYXY.
I'padivHi 3aMeKHOCTI 3MIHU 3yCHIJIb HA TATOBHH OpTraH B
X0l 3IiTKHEHHS Ha MpPHUBOJHOMY OapabaHi i ycaaka 3
HaTsDKHOI OapabaHa Takok oTpuMmaB. Ha ocHOBI
rpadiuyHAX 3aJEeKHOCTEH BCTAaHOBICHO, IO NPH ITyCKY
KOBILIOBOTO €JIeBATOPa IPH ONTUMAIBHOMY PEXHMI pyXy
€ HEeBEeJIWKI KOJWBAIBbHI TPOIECH, SKi € HAHMEHIINMH,
BCHOTO B ONTHMIi3allii 32 KpUTEPIEM CepeIHbOI IIBHIKOCTI
3MiHM 3yCHJUI Ha TATOBHUH OpraH y XOAi 3ITKHEHHS Ha
MIPUBOTHOMY OapabaHi.

Ku1i04uoBi cjioBa: KOBIIOBWH eneBaTOp, AWHAMIUHA
MOJeJb, MATEMAaTHYHA MOZENb, PEXXKUM PYXy, ANHAMITHUX
HaBaHTAXKECHb, 3YCHJIb, KOJHBAHb.

OIITUMUBALIMA PEXKUMA 3AITY CKA
KOBHIOBOI'O 5JIEBATOPA T10 KPUTEPUIO
CPEJIHEM CKOPOCTU UBMEHEHHUS YCUJIUS
B TATE TEJIA BO BPEMA CTOJIKHOBEHU A
HA TIPMBOJIHOM BAPABAH
B. C. Jloseiixkun, FO. B. Jloseiikun, JI. b. Tkauyk

AnnHotanus. KonebaHus CTpYKTypHBIX 3JI€MEHTOB,
MeXaHW3Ma TIPHBOJA W TSITOBOTO OpraHa CBEACHBI K
MUHHUMYMY MyTEM ONTHMHU3AINU PEKUMOB JIBUKCHHUS HA
9JIEBATOP BO BpEMs IEPEXOJAHBIX MPOLECCOB, YTO
MO3BOJIMJIO  TOBBICHTH  ero  addekruBHocte. B
3aBUCHMOCTH OT BBIOPaHHOW JHMHAMHUYECKash MOJEJb,
MareMaTtuueckas MoOJeJb Oblla co3/laHa C MOMOUIBIO
npuniuna  a'AnambGepa. IIpouecc  onrtumuzauuu
IMyCKOBOTO  PEXHMMa KOBIIOBOTO  dJeBaTropa  ObLI
paccMmoTpeH kpurepuid CpemHsisi CKOpPOCTb H3MEHEHUS
YCHIIUS Ha TATOBBI OpraH BO BpeMsl CTOJKHOBEHHS Ha
npuBogHOM Oapabane. HaiieHBI 3aKOHBI JIBIDKCHHS
pabodeii BeTBH, HATSDKHOW OapabaH ©W  TMPUBOITHOM
OapabaH, KOTOPBIA COOTBETCTBYET ONTHMAIBLHOMY
PeKMMY JIBW)KEHHS B KOBLIOBBIN aneBatop. Ha ocHoBe
0OHapYKEHHBIX 3aKOHOB JBW)KEHHS OBUIM IOCTPOCHBI
KHHEMAaTHYeCKUE XapaKTePUCTHKA OCHOBHBIX 4YacTeil
mudTa, KOTOpbIE INPEJCTABIEHBI B BHJIE TIpapuIecKux
3aBUCHMOCTEH [UIsi ONTHUMAaJbHOTO PEXHUMA JIBUKEHHS.
I'paduueckne 3aBHCHUMOCTH HM3MEHEHHsI YCWIMHA Ha
TATOBBI OpPraH B XOJI¢ CTOJKHOBEHHS HAa IPHBOIHOM
OapabaHe W ycaJka W3 HaTSDKHOTO OapabaHa Takxke
noryuyw . Ha ocHoBe rpaduyeckux 3aBUCHMOCTEH
YCTaHOBJICHO, YTO IPHU ITyCKE KOBIIOBOTO 3J€BaTOpa MpH
ONTUMAIILHOM PEXUME JBIDKCHHS €CTh HEOOJBIINe
KoJie0aTeNnbHbIe MPOIECChl, KOTOPBIE SBISTIOTCS CaMBIMH
MaJeHBPKAMH, BCET0 B ONTHMH3AIMH MO0 KPHUTEPHIO
CpenHel CKOPOCTH MU3MEHEHMSI YCUIIUS HA TATOBBIA OpraH
B X0/1¢ O0ECTOIKHOBEHHS Ha IPHBOAHOM OapabaHe.

KiroueBbie cJIOBA: KOBILIOBBIN 371€eBaTop,
JMHAMHYECKas MOJEIb, MaTEMaTHIECKast MOAEIb, PEKIM
JIBHOKEHMS, JTUHAMHYECKHX Harpysox, YCUJINH,
KoJieOaHMH.



Hayxosuii sicnux Hayionanvrnozco ynigepcumemy 6iopecypcie i npupoookopucmyeanus Yxpainu.
Cepin: mexuika ma enepeemuxa AIIK. 2018, Bun. 296, 37-43
ISSN 2222-8594 (print), ISSN 2415-7694 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 681.511.4:664.1

DOI: 10.31548/machenergy.2018.02.037-043

RESONANT METHODS FOR ELECTRIC POWER TRANSMISSION AND APPLICATION

Strebkov D. S., Nekrasov A. I., Nekrasov A. A.

Federal State Budgetary Scientific Institution "Federal Scientific Agroengineering Center VIM", Russian Federation.

Corresponding authors: vim@yvim.ru.

Article history.: Received: March 2018. Received in the revised form: April 2018. Accepted: May 2018.

Bibl. 16, fig. 11, tabl. 0.

Abstract. The methods and apparatus for the
resonant system of electric power transmission for
stationary consumers and mobile electric transport are
considered. Substantiation of wireless electric power
transmission using on electroconductive channels created
by electron beams, laser and microwave radiation is
given.

It has been experimentally confirmed that in a single-
wire high-frequency line there is a phase shift of 90°
between standing waves of current and voltage. The
current is reactive and capacitive in nature. There is no
active current or direct current in the line. The frequency
converters have an automatic tuning of the frequency to
the resonance frequency in the line.

The problem of electromagnetic emission from
singe-wire cable is solved by the fact that the cable is
shielded and the screen consists of separate isolated
sections; the length of each section of the screen is much
smaller than the wavelength corresponding to the resonant
frequency of electrical energy transmission. There is no
loss of corona in an insulated screened cable. For
electromobiles, non-contact (non-trolley) transmission of
electrical energy is used at a distance of 0.1-0.35 m from
a single-wire line to an electric vehicle.

The implementation of electrotechnics, carried out
on the basis of the resonance method for different
electrotechnology facilities is presented. The description
of experimental samples of resonant cold-plasma
coagulator is given. The results investigations of
experimental samples of the resonant electric power
transmission system are discussed.

Key words: resonant system for electric power
transmission, resonant high-frequency Tesla transformers,
electroconductive  channel,  resonant  cold-plasma
coagulator.

Introduction

If an electric engineer had studied classical
electrotechnics during three semesters and works in the
field of high-power electric networks, it is rather difficult
for him to accept, that an alternative electrotechnics
exists, which is characterized by the following features:

A closed circuit containing two conductors between
the generator and the load is not necessary to obtain an
electric current flow.

Formulation of problem

The current can flow through a single-wire circuit,
like the water flows through a pipe from the upper basin
to the lower one, or like the heat flows from a hot end of a
metal bar to its cold end. (W. Thomson was first to point
to the analogy between thermal conduction and
electrostatics, while J. Maxwell was first to show the
analogy between hydrodynamics and electrodynamics).

In a coil containing a single-layer wire winding, the
phase velocity of the electromagnetic wave along the coil
axes can be hundreds times lower, than in an overhead
transmission line (or than the light speed in the free
space).

The current varies along the line length, in different
winds of a coil, or in different sections of a single-
conductor line, it can have any local value, including zero.
Furthermore, the current in different segments of a single-
wire circuit can flow in opposite directions.

Analysis of recent research results

However, such exotic behavior of the current (from
the viewpoint of a classical electric engineer) does not
seem strange to a radio engineer, because a beam antenna
and a single-conductor waveguide are classical examples
of single-conductor lines for him [1-3].

Standing waves and traveling waves of the current
(and voltage) exist in such lines, and the circuit is closed
by displacement currents in the space surrounding the
single-conductor line.

J. Maxwell wrote: “Extraordinary difficulty of
coordinating the electromagnetism laws with the
existence of unclosed electric currents is one of the
reasons (among many other), why we must admit the
existence of currents created by displacement variation”.

At a high frequency, the single-layer electric coil is
transformed from a classical induction coil (in different
application conditions) to a slow-wave structure or
electromagnetic-wave delay line, to a helical waveguide,
helical antenna or electric resonator with distributed
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parameters, which can not be determined using the
classical electric circuit theory.

Results of research

Single-wire transmission line.

All the considered phenomena in a single-conductor
line and in a spiral coils exist also at frequencies of 1 to
100 kHz, and they can be used for electric power
transmission. Furthermore, the specified frequency range
is most suitable for electric power transmission along a
single-conductor ~ waveguide in  connection  with
limitations imposed by the radiation loss caused by the
antenna effect. Unfortunately, the radio engineers have
little interest in this frequency range, while the electric
engineers are insufficiently prepared for working at the
interface of electrotechnics and radiotechnics.

The electric power transmission along a single-
conductor line at a higher frequency has been first
proposed and realized by N. Tesla more than 100 years
ago [4-9]. N.Tesla considered a resonant single-
conductor system for electric power transmission as an
alternative to a dc power transmission system proposed by
T. Edison. The competition between dc and ac power
transmission systems continues at present, however it
takes place in the context of classical single-phase
(double-wire) and three-phase (triple-wire) closed
transmission lines.

We have shown experimentally, that a single-
conductor line with a high-frequency resonant Tesla
transformer at the line end can transmit electric power at
any frequency, including zero frequency (i.e. using
rectified current). The single-conductor resonant systems
(see Fig. 1, 2) offer possibilities for designing super-long
cable lines and replacing (in future) the existing overhead
lines with cable single-conductor lines [10-11].

In this way one of major electrification problems:
increasing the reliability of electric power supply will be
solved.

Fig. 1. Resonant system for electric power
transmission: 1 — converter; 2, 4 — resonant high-
frequency Tesla transformers; 3 — single-conductor high-
voltage line connecting the transformers; 5 — inverter.

Standing waves.

The open-ended line shown in Fig. 1, whose length
is/=2n+1)M4, n=0,1,2,3, ..., has a current loop
and a voltage node at the generator terminals; in case of
[=n A2, it is a voltage loop and a current node. In both

cases the line is equivalent to a resonant oscillatory
circuit.

Fig. 2. Single-conductor  resonant  power
transmission system: 1 — electric generator, 50 Hz (1 to
100 kHz); 2 - frequency converter 50 Hz / 1 to 100 kHz
(absent, if the generator frequency is 1 to 100 kHz); 3 —
high-frequency step-up transformer 0.4kV / 10 to
500 kV; 4 - single-conductor line 10 to 500 kV; 5 — high-
frequency step-down transformer 10 to 500 kV / 0.4 kV.

The standing waves in the open-ended single-
conductor line (see Fig. 3) arise as a result of superposing
the incident and the reflected waves having equal
amplitudes.

The voltage and current phase values demonstrate no
displacement along the line, while the phase shift between
the current and the voltage is equal to 90°.

The line cross-sections with voltage loops contain
current nodes, while voltage nodes correspond to current
loops.

The mean power delivered by the generator into the
open-ended single-conductor lossless line (or into a line,
loaded with a capacitor) is equal to zero [2].

Fig. 3. Standing waves in an open-ended line at
various time points: a — voltage; b — current.

If the line operates in the standing-wave regime, its
input impedance is reactive. If the line is lossy, a certain
traveling wave from the generator compensates for the
loss.

If traveling and standing waves are present in the
line, its input impedance contains both reactive and active
components.

The single-conductor resonant line, open at the load
end (or loaded with a capacitor) is shown in Fig. 4, a; the
current and voltage distribution for the open-ended line is
plotted in Fig. 4, b [2, 11].

A

n=>0 I=4 f=5kHz A=60km [=15km
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Fig. 4. Circuit representation for a single-conductor
resonant line, open at the load end or loaded with a
capacitor (a); current and voltage distribution (b): G —
generator; Co — capacitance of the resonant circuit; D; and
D, — diode unit; C — load capacitance; S — electronic
switch; R — load resistance.

Fig. 5. Current and voltage distribution in a single-
conductor line shorted to the ground at both ends:
a — circuit representation (G — high-frequency generator,
R/ — load resistance, C — capacitance of the resonant
circuit); b — current and voltage standing wave
distribution along a single-conductor line; ¢ — current and
voltage distribution in a half-wave single-conductor line.

The current and voltage distribution in a single-
conductor line shorted to the ground at both ends is shown
in Fig. 5 [11]. The classical electric engineer (mentioned
at the beginning of this section) would say, looking at
Fig.5, a, b, that it is a closed double-conductor
transmission line using the ground as the second
conductor, with the conductance current in the closed
circuit. The radio engineer would give a correct
explanation: it is a conventional waveguide characterized
by 90° phase shift between the current and the voltage,
fastened to grounded metal supports, which are connected
to the line at the voltage node points. The line grounding
at the voltage node points does not change the waveguide

parameters and does not effect the transmitted power
value.

Poyting vector.

When the line operates in the standing-wave regime,
the direction of the Poynting vector S is inverted every
quarter of the time period: it is directed from the generator
to the load or back (see Fig.6). This phenomenon is
explained in the following way. The phase shift between
the voltage and the current in the line (and consequently
between the values of the electric and magnetic field
strength) is equal to 90°; as a result, the direction of one
of the vectors: E or H is inverted every quarter of the
period. This consideration confirms, that the generator
spends no energy to produce standing waves in the line
[2].

For the electric engineer, the stationary or standing
waves shown in Fig. 4-5 illustrate a phenomenon, which
has no real physical basis, because the length of
transmission lines does not usually exceed 1000 km,
while the current and voltage wavelength at a frequency
of 50 Hz equals to 6000 km. A half-wave line (see
Fig.5, ¢), 1000 km in length, can be obtained at a
frequency of 150 Hz, and in this case even a conventional
single-phase or three-phase line will transmit considerably
more power, than at a frequency of 50 Hz.

Fig. 6. Direction of the Poynting vector s along the
single-conductor line in the standing-wave regime:
I, H — waves of the current and the magnetic field
strength; V, E — waves of the voltage and the electric field
strength.

However conventional transmission lines reveal
resonant properties only in an emergency condition (for
example, in case of line break at the consumer). In order
to understand N. Tesla works and develop his ideas on
resonant electrotechnics, the classical course for electric
engineers shall be supplemented by a special course
containing information on high-frequency resonant lines,
principles of single-conductor and helical waveguides,
methods for designing electric circuits with distributed
components, main scientific and practical results in the
field of resonant electric technologies and prospects for
their application.

Applications fulds.

Several application fields for resonant single-
conductor electric systems are considered below.

A. Electric power transmission.

A 20-kW, 1-kHz resonant transmission line based on
a single-conductor cable, 1.2 km in length, has been
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successfully developed and tested at the VIESH (Fig. 7)
[11].

B. Electric ships.

Application of various conducting mediums in the
resonant systems for transmitting electric power has been
illustrated using an electric boat model, which receives
electric power from a water basin with alive fish (Fig 8,
9).

Fig. 7. 20 kw, 1 kHz resonant electric power
transmission system.

Fig. 8. Electric power transmission using water as
conducting media.

Fig. 9. Electric boat model receiving electric power
trough the water.

A wind power station, a solar battery, etc. can be
used as a source of electric power in a resonant electric
system.

A. Electric vehicles.

Another global application for resonant single-
conductor electric power transmission systems consists in
the opportunity of developing noncontact high-frequency
electric transport [11-13]. The well-known noncontact
method for transmitting electric power to a vehicle

through  an
electromagnetic

air-core  transformer  (using  the
induction method and conventional
single-phase power transmission lines) has basic
limitations on the transmitted power level, the
transmission efficiency and the line length; therefore, it is
not used at present [14].

Fig. 10. Contactless high frequency electric vehicle.

An experimental model of a small electric vehicle
developed at the VIESH receives electric power from an
isolated single-conductor cable line laid inside the
roadway covering (see Fig. 10). The works on increasing
the noncontact drive power and developing a commercial
project of a resonant electric transport system are being
carried out now. It is possible to imagine in future a big
green city, full of flowers, without exhaust gases and
smog. A cable transmission line will be laid in this city
under each driving row along main roads, and each
vehicle has an electric motor and a noncontact trolley in
addition to the combustion engine. The traffic along big
highways between cities can be organized in the same
way, including possible use of automated vehicles
controlled by robots and computers.

Use of an electric noncontact drive in the agricultural
energetics opens the prospects for substantial fuel saving
and developing pilotless automatic robots controlled by
computers with satellite navigation, intended for tillage,
cultivation and harvesting agricultural products. In this
case the agricultural plants will turn to field factories
organized according to the principles of automated
industrial  enterprises.  Thus, three  present-day
electrification problems can be solved: energy saving,
reducing harmful gas ejection and automation of
agricultural production process.

C. Cold plasma technique

The third application field for resonant single-
conductor systems are plasma medical and technological
facilities. They differ from conventional plasmatrons in
having not two, but a single electrode, which is the
beginning of a resonant single-conductor line, while the
capacitance of any body or treated substance is used as a
load. A new resonant coagulator developed at the VIESH
(see Fig. 11) is used in medicine, in veterinary technique
and in cosmetology [6]. Technological single-electrode
plasmatrons can have pulsed power up to 10 W and
continuous power up to 20 MW. They can be used to
eliminate weeds (instead of pesticides), to produce liquid
biofuel from organic raw material, to manufacture and
purify solar-grade silicon, to generate plasma in physical
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experiments (for example,
lightning [15].

producing artificial ball

Fig. 11. Resonant cold-plasma coagulator developed
by Cand.

D. Communication system.

The fourth application field for resonant systems is
creating global and local information communicating
systems using single-conductor lines. Many works by
N. Tesla are devoted to this application. The first devices
transmitting information signals has been developed by
N. Tesla in 1899, they were patented in 1901. In 1943, the
Supreme Court of the USA has recognized N. Tesla
priority disputed by R. Marconi in long-distant
transmission of electric signals.

Each single-conductor line has several resonant
waves. Therefore, the single-conductor line (as well as a
fiber-optic line) may be used to transmit simultaneous
different information to several users. A specialized line
screening technique allows to reduce the loss in signal
amplitude and quality, when it is transmitted over a long
distance. N. Tesla has proposed original methods for
encoding the information and protecting it against
unauthorized access. The information communicating
systems and power transmission systems based on
modern technologies are now key factors for the social
development of the country and progress in the
agricultural production.

N. Tesla was an ingenious scientist, who had
foreseen the development of the electrotechnics and
energetics for hundreds of years. He has produced a
voltage of 100 million volts using simple facilities; he has
transmitted electric power over tens kilometers, using the
ground as the conducting medium; he has tested a boat
controlled through the water medium; he has invented the
asynchronous electromotor, the multiple-phase current
and has made many other inventions [16]. N. Tesla was a
brilliant designer of mechanical systems. Magnificent
drawings of different mechanisms designed by N. Tesla
are stored in Tesla museum in Belgrade. Some of his non-
electric inventions are of interest till now: a combustion
engine without a piston and a crankshaft, steam and
hydraulic turbines without blades, and a mechanical
analog for the electric diode (device allowing to a gas or
fluid stream to flow in one direction only). In this
valveless device, the hydraulic resistance values in the
direct and reverse direction differ by factor of 300. Now
we can fully repeat and develop Tesla resonant techniques
in the field of electric power transmission using single-
conductor lines and conducting mediums.

E. Wireless power transmission.

There is little information on N. Tesla works in the
field of wireless power transmission methods. His last
invention in this field “Device for electric power
transmission” has been written in 1902, revised in 1907
and patented in 1914. At a session of the American
Institute of Electric Engineers on May 18, 1917, N. Tesla
received a reward named after T. Edison. His speech at
the session contained the following statement:

“As to power transmission through the space, it is a
project, which I consider absolutely successful for a long
time. Years ago | could transmit power without wires to
any distance without limitation, which was imposed by
the physical dimensions of the Earth. In my system, the
distance value is of no importance. The transmission
efficiency can reach 96 or 97 per cents, and there are
practically no loss, except for the component, which is
inevitable for the device operation. If there is no receiver,
there is no power consumption anywhere...

When there is no receivers, the station consumes
only a few horsepowers, which is necessary to maintain
the electromagnetic oscillations; it is idling, like the
Edison station, when the lamps and the motors are
switched off...”.

The high transmission efficiency may be easily
explained, considering the standing waves in the
conducting channel (see Fig. 6).

The journal “Time” wrote on July 23, 1934:

“Last week doctor Tesla announced a combination of
four inventions, which would make the war absurd. The
essence of his idea is connected with deadly rays: a
concentrated beam of submicron

particles moving with a speed, close to the light
speed. According to Tesla, the beam, will defeat the Army
during flight, causing airplane squadrons to fall down at a
distance of 250 miles (400 km). The inventor will launch
the rays by using the following:

e device for reducing the particle delay in the
atmosphere to zero;

e method for producing high potential;

e procedure for amplifying this potential up to 50
million volts;

e producing tremendous acting electric force”.

N. Tesla died on January 7, 1943 in hotel “New
Yorker” in Manhattan, in the room 3327 on the 33-rd
floor. Immediately after his death, his scientific works
disappeared from the room; they were never found. A part
of those materials contained an information on the
techniques, which could be used for wireless power
transmission. Methods for generating and amplifying high
potential have been fully described by N. Tesla in [4].

Conclusions

1. It has been experimentally confirmed that in a
single-wire high-frequency line there is a phase shift of
90° between standing waves of current and voltage. The
current is reactive and capacitive in nature. There is no
active current or direct current in the line. The frequency
converters have an automatic tuning of the frequency to
the resonance frequency in the line.
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2. A single-conductor line of a copper conductor
with a diameter of 80 um at room temperature was used
to transmit electric power of 20 kW at a voltage of 6.8 kV
and a frequency of 3.4 kHz, with an effective line current
density of 600 A/mm?, and an effective density power
AMW/mm?. In superconducting lines with a constant
current at a temperature of 77°K, the current density is
500 A/mm?. Low losses are associated with new physics
of electromagnetic processes in a single-wire line.

3. The problem of electromagnetic emission from
singe-wire cable. is solved by the fact that the cable is
shielded and the screen consists of separate isolated
sections; the length of each section of the screen is much
smaller than the wavelength corresponding to the resonant
frequency of electrical energy transmission. There is no
loss of corona in an insulated screened cable. For
electromobiles, non-contact (non-trolley) transmission of
electrical energy is used at a distance of 0.1-0.35 m from
a single-wire line to an electric vehicle.

4. Taking into account the present-day level of the
scientific knowledge and progress in electrotechnics,
N. Tesla works on resonant methods for electric power
transmission give new opportunities for the development

of electroenergetics, electric technologies, electric
transport and communications.
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PE3OHAHCHI METO/Y NEPEJAUI EJEKTPUYHOI
EHEPTII TA JIOJIATKIB

. C. Cmpebkos, A. B. Hekpacos, A. A. Hekpacos

AHoTanis. Metoan 1 amapaTé Ais pE30HAHCHOI
cHCTeMH  Tepelnadi  eNeKTpu4YHOI  eHeprii s
CTamioHapHUX CIIOKHBaYiB Ta MOOLITBHUX
JIEKTPOTPAHCIIOPTHBIX ~ BBaXatoThcst.  OOIpyHTYBaHHS
OezgporoBoi  mepenmadi  enekTpudHOl  eHeprii 3
BUKOPHCTAHHSIM KaHAJIB EJIEKTPONPOBITHUX CTBOPEHUM
CJNIEKTPOHHUMH ITy4KaMH, JIa3epPHUM 1 MIiKPOXBUIbOBHM
BUIIPOMIHIOBAHHSIM JA€THCSL.

Byno ekcmepuMeHTaNbHO TMIiATBEPIKEHO, IO B
€IMHOMY-TIPOBOJIM BHUCOKOYACTOTHI JIiHII € 3CcyB (a3 Ha
90° MiX CTOSYMX XBHIb CTpyMy 1 Hampyru. Crpymy
peakTUBHOI 1 eMHIiCHMI Xapakrep. Hemae akxTuBHOTO
ctpymy abo moctiiiHOro crpymy B JiHii. YacToTHi
NIepeTBOPIOBayi MalOTh aBTOMAaTHYHY HACTPOWKY 4aCTOTH
JI0 4aCTOTH PE30HAHCY B JIiHiI.

IIpobnema emeKTPOMAarHiTHOIO BHUIPOMIHIOBAHHS
Bil OIKy-Kabemo BHUPINIYETHCS THUM, IO Kabelb
eKpPaHOBaHMH, a €KpaH CKJIQJa€eTbCsi 3  OKPEMHX
1307IbOBAaHUX CEKIid, TOBXKHMHA KOXKHOI CEKIlii eKpaHy
3HAYHO MEHIIE JOBXKMHM XBWI, IO BIANOBIigae
PE30HAHCHIM YacTOTi 3 Tepeaadi eNeKTPUYHOI eHeprii.
Hemae Brtparm Corona B i30JIbOBaHMH €KpaHOBaHHMH
kabenb. [{ns enexTpomoOiniB, Oe3koHTakTHE (0Oe3 Bi3Ka)
nepenadi eNEeKTPUYHOI eHeprii BHUKOPHCTOBYETHCS Ha

Bincrani  0,1-0,35 M  Bigx OJHONPOBIAHINA  JiHIT
CIIEKTPUYHOTO aBTOMOO1IIS.
IIpencraBnena peanizaiis CNIEKTPOTEXHIKH,

3MIACHIOETHCS HA OCHOBI METOXy PE30HAHCY U Pi3HUX
€JIEKTPOTEXHONIOTIH 00'ekTiB. OnMc eKClepUMEHTaIbHUX
3pas3KiB PE30HAHCHOI XOJIOMHO-TIIIA3MOBHH KOAryJsiTOp
naetbesd.  OOTOBOPIOIOTBCS — pE3yNbTaTH  JIOCHIIKCHbB
eKCTIIEPUMEHTAIIBHUX ~ 3Pa3KiB  PE30HAHCHOI  CHUCTEMH
nepezayi eaeKTPOCHEPril.

KuarouoBi cioBa: pe3oHaHcHI cuctemu Tnepenayi
€JIeKTPOeHEePrii, Pe30HAHCHI BHCOKOYACTOTHI
tpaHcopmaropu Tecia, eNeKTPONPOBIAHMIA KaHal,
PE30HAHCHUH XOJIO0IHO-TUIa3MOBHUM KOAryJISITOP.

PE3OHAHCHBIE METO/bI TIEPEJAYNA
SJIEKTPUYECKON SHEPI'MH U [TPUJIOXXEHUMN
. C. Cmpebkos, A. U. Hexpacos, A. A. Hexpacos
AHHOTauMs. MeTo/Ibl U annapatsl sl pe30HaHCHON

CHUCTEMBI  IEpeadd JICKTPUICCKOH OJHEPruu  Uis
CTallMOHAPHBIX notpedurenei u MOOMITBHBIX
AIEKTPOTPAHCTIOPTHBIX CUUTAFOTCS. O6ocHOBaHUE

OecripoBOIHOM Tepenade dSIEKTPUUSCKOH DJHEPTHH C
HCTIONB30BaHUEM KaHAJIOB ANEKTPOIPOBOSIINX

CO3/aHHBIM D3JCKTPOHHBIMHA IyYKaMH, Ja3epHBIM H
MHKPOBOJTHOBBIM HM3ITy9ICHHUEM JACTCH.

Beuto sKCepEMEHTaNbHO TOATBEPXKACHO, YTO B
€IMHOM-TIPOBOJ]a BBICOKOYACTOTHBIE JIMHUH HMeEeTCS
caur ¢a3 Ha 90° Mexmy CTOSYMX BOJH TOKa U
HamnpsbkeHus. Toka peakTHBHOM M €MKOCTHOHM XapakTtep.
HeT akTHBHOTO TOKa WM IOCTOSIHHOTO TOKa B JIMHUM.
YacToTHBIE MpeoOpa3oBaTeI HUMEIOT ABTOMATHUYECKYIO
HACTPOUKY YaCTOTHI K YACTOTE PE30HAHCA B JINHUM.

[Ipobmema  3JIEKTPOMArHUTHOIO  HW3IYYCHUS  OT
0’KOra-Kabels pemaercs TeM, 4YTo Kabesb SKpaHHPOBaH, a
9KpaH COCTOHMT W3 OT/EIBHBIX H30JIMPOBAHHBIX CEKIUH,
JUTMHA KaXIOW CEeKIMM HKpaHa 3HAYUTEIHHO MEHbIIE
JUITMHBI BOJHBI, COOTBETCTBYIOLIEH PE30HAHCHOM 4acToTe
o mnepenade »3JekTpuueckod sHepruu. Her mnotepu
Corona B M30JIMPOBAaHHBIN SKPAaHUPOBAHHEIHN Kabemb. [is
anekTpoMoOmieli,  OeckoHTakTHOe  (0€3  TeekKKH)
mepefaddl  dJICKTPUUECKOW HHEPTUH HCIIONB3yeTcs Ha
paccrosaun  0,1-0,35 M OT OJHOMPOBOAHON JUHHUH
AIEKTPUYECKOTO aBTOMOOWIIS.

IIpencraBnena peanuzanus 3NEKTPOTEXHUKH,
OCYILIECTBJIIETCSI Ha OCHOBE MeETOJa pe30HaHca [UId
Pa3UYHBIX JJIEKTPOTEXHOJIOTUH 00BbeKkTOB. OmnucaHue
AKCICPUMCHTANBHBIX 00pa3IoB PE30HAHCHOH XOJIOIHO-

IUIA3MEHHBIA  KoarynmsaTop — mgaercs.  OOcyxparoTcs
Pe3YIbTATHI HCCIeI0BAHUN IKCIIEPUMEHTAIIbHBIX
00pasioB PE30HAHCHOM CHCTEMBI nepenadu
ANIEKTPOIHEPTUH.

KiawueBble  cj10Ba:  PE30HAHCHBIE  CHCTEMBI
nepenadn JNEKTPOIHEPTUH, PE30HAHCHBIH
BBICOKOYACTOTHBIN TpaHchopMaTop Tecna,

3JIEKTPONPOBOJAIINN KaHal, pPE30HAHCHBIM XOJOJHO-

IJIa3MEHHBIN KOarymisTop.
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Abstract. The monitoring of the agriculture fields
vegetation state is a significant step in using of remote
sensing for precision agriculture. No traditional airborne
platforms like aircrafts and commercial satellites fit these
uses because of their low resolution images. The problem
can be solved by using UAVSs.

In this article, UAV being equipped with visible
spectrum camera was used to produce an image of the
wheat field in tillering phase. Due to the high image
resolution on photo image soil is also fixed as well as the
plants. It will affect on the total spectral indicators of the
planted area.

The aim of the study is to develop a methodology of
distinguishing the wheat area from the soil area on photo
images. Experiments were carried out within 40 — 100 m
UAV’s heights range for different states of soil — arable
seedbed and dry dirt road. It has been established that it is
important for f arable land being mostly fixed for sowings
and, accordingly, the adjustment of filters should be
carried out for each height monitoring apartly.

While selecting optical range filtration canal to
distinguish plants from the soil while being analyzed by
separated pixels of image it would be appropriate to use
green and blue canals.

Key words: UAV, stress indices, nitrogen,
harvesting routes, NDVI, remote monitoring, agricultural
crops, spectral index.

Introduction

The emergence of UAVSs in crop growing practices
gave a powerful instrument for agrarians to monitor the
fields condition adding available satellite solution because
they had less dependence on weather conditions and had
lower cost of high resolution images.

Formulation of problem

The use of UAV has its own characteristic according
to conditions of management, thus in EU countries the
size of the fields in dozens of hectares allows you to limit
the fixation of the problem by fixation of problematic
plots of land for future research, i.e. the equipment is
working in the indicator mode. In Ukraine, average field

area covers hundreds hectares. It requires the use of
UAV’s spectral equipment using the measuring mode
because of limited time for making decisions about
optimal quantity of fertilizers.

Acquisition of reproduced plants data while
measuring spectral plants parameters is a difficult
scientific and technical problem because it is necessary to
take into account changes in lighting, the imaged soil in
frame, etc.

Analysis of recent research results

The problem to take into account the changes in
lighting was observed in many papers. For example,
Monica Herrero-Huerta et all (2014) [1] used artificial
ground-based patterns, Jianfeng Zhou et all (2016) [2]
applied an additional zenith sensor, Vitalii Lysenko et all
(2017) [3] engaged a particular algorithm of survey for
calibration.

The effect on the monitoring results from the
available external field objects has not been properly
studied. For example, in paper Jesper Rasmussen et all
(2016) [4] it was shown the difference for the different
heights data being received for object. The existence of
such dependence has been experimentally proven in paper
by Vitalii Lysenko et all (2016) [5]. Authors attributed
this to the fixation of soil through the high resolution of
the digital photo-camera. According to this, for row crops
and sowings in their initial phases due to the high
resolution of sensor equipment the imaged soil in the
frame will effect on the received results That phenomenon
should be taken into consideration while indices of stress
are being created.

It should be noted that in Ukraine there are about 300
types and subtypes of soils, the spectral indicators
amounts of which may significantly varied due to
humidification and other factors. The decreasing of the
influence of external field objects may be reached by
using such filters which are realized in specific software
Stantview to be elaborated for Stantrange’s sensors but
setup the filters is implemented in manual mode and it
will depend on operator’s experience and his level of
skills [6]. The study of filter parameters setup to remove
external objects from the frame became the aim of
exploration.
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Reviewing the image of the field being made
vertically from the UAV platform it’s possible to note that
there will be either the plants themselves or the soil with
possible remains of organic matters from the previous
year fixed in frame. The distinguishing of soil may be
implemented using specialized hardware tools as well as
spectral plants indicators or soil in near infrared spectrum
(NIR) or using devices to analyze the object image.

To distinguish upper and lower plant’s leaves with
the help of hardware is possible with the help of advanced
equipment — laser ldentification Radar (LiDAR), which
fix not only spectral indicators but also the distance to
object in the form 3D model to allow to distinguish plants
from soil without faulties. In papers by Jan U.H. et all
(2014) B [7] they describe successful experiment to
monitor nitrogen amount for wheat in tillering phase with
the help of the mono-spectral LiDar Leica ScanStation2
with green colored laser (532 nm).

The same results were received in paper by
Shouyang Liu et all (2017) [8] where the measuring laser
was mounted on the tractor. For agrarian practice LIiDAR
was used to display water stress of plants by Xi Zhu
(2015) et all ([9]), however, as it was showed in paper [7],
proper reproducibility of results was obtained while radio
frequency correction of lighting was with the help of the
reflective panels which usage on a industrial scale is not
appropriate. In paper by D. Hoffmeister (2016) ([10]) it
was represented the multi Spectral LiDAR which
lightning calibration may be sometimes possible while
using the ratio of different canals by analogy with satellite
solutions, however, at the modern stage of development
the element base and power supplies the size and mass of
equipment are unacceptable for using on UAV’s
platforms up to 10 kg. The additional restriction of this
advanced technology is a possibility of uneven terrain to
affect on the results too. For satellites platforms most of
spectral indicators use near infrared canal which is needed
to create soil line to distinguishing a plant from soil at a
distance of about few hundreds kilometers. In paper by
Richardson, A.J. et all (1977) [11] there were defined
specified spectral indicators for satellite platforms to
minimize the soil influence like SAVI, TSAVI, MSAVI
but these indicators are very sensitive to lighting changes
and also to the errors because of the mixed soil matter. In
practice, more common index is NDVI. For example, in
paper by Carlos de Souza et all (2017) [12] to identify
maize rows on photo images with the help of UAV, this
index was used with the additional filtration of pixels
which differed from the average value by a certain
percentage. In case of presence in a field a lot of
additional objects like plant residues, such way for soil
filtration may have the significant faulties in measuring.
Reviewing the spectral sensor equipment structure, there
were studies to distinguish either soil and plants or the
optical range itself. In paper by of J.Torres-Sanchez et all
(2014) [13] while monitoring of wheat condition on its
early stage of vegetation to distinguish plants from soil
there were used a lot of different vegetation indices being
based on the optical canals among which ExG and VEG
were the best ones.. The ExG index was successfully used
to identify the soil, harvest (sunflowers and corn) as well
as weeds in paper by Maria Perez-Ortiz et all (2016) [14],
however, the identification was based on boundary value,

i.e being adapted only for 2 objects. In reality, in
photoshoot of field there may be much more objects like
lighted or shaded soil which color components intensity
may be higher or lower comparing with the value of plant.

Application solutions according to the frame
filtration of pixels that do not belong to plants are being
based on Object Based Image Analysis (further OBIA).

OBIA is one of the research directions of analyzing
images and is mainly designed to distinguish or to
segment images on meaningful objects by rate of their
characteristics. In that case it’s linked with other
conceptions of analyzing images like segmentation
images to be described in paper by Ghamisi et all (2012)
[15] or the definition of superpixels or classes of pixels.
The research about cluster pixels to identify plants is
described in paper by of J. Senthilnath et all (2017) [16]
where the possibility of effective plants identifying with
using optical range is showed but the complexity of it’s
content for real objects multi-cluster system was noted.

An alternative to cluster analysis it may be analysis
by each pixel apartly being proposed in the paper by T.
Blaschke (2010) [17] and being improved in the paper by
M.P erez-Ortiz, et all (2015) [18] where were not only
spectral indicated of pixels to be shown but it’s location
too. This approach requires much less computing
resources and time to implement the analysis accordingly,
that is definitely important during fertilization of plants in
some definite stages of vegetation. In the exploration by
Junfeng Gao et all (2018) [19] they were connecting the
pixel and object-oriented analysis to monitor weed, but
the specific feature of the object was sowing crop itself
and cluster analysis was used exactly to determine cut not
for other kinds of crops.

Purpose of research

According to analysis of literary sources it’s possible
to make a conclusion that it is possible to distinguish a
plant from soil with the help of UAV with the use of pixel
analysis within RGB colored space.

Results of research

The researches were conducted in the long-term
stationary  experiment by the Department of
Agrochemistry and the Products of Crop Growing (GPS
coordinates 50 deg 4' 30.00" N, 30 deg 13' 21.00" E). The
studies were conducted with winter wheat, the vegetation
phase — tillering. To explore the effect of different
fertilizer there were chosen 2 ways of exploring
exampling winter wheat without adding (0) and with
normalized doze of mineral fertilizer to be recommended
for such soil (1). To identify optic parameters of plants
there were chosen adequate planted areas of field with
different amount of fertilizers. For filters defining
parameters there were the areas with arable land and road
in air-dry condition taken apartly. As far as there are a lot
of methods being based on using artificial optical patterns
as separate object we observed the car’s roof as a sample
with homogeneous color and location directly near the
field (Fig. 1).
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Fig. 1. The experimental department’s photo with the designation of areas: where: 0 and 1 — parts with wheat
sowing without and with the recommended doze of fertilizers accordingly; arable— arable seedbed; road — dirt road (air-

dry condition); sample — artificial optical pattern.

11x10°
1x10° =7 R_arable_40, Qf‘ i‘ L
L
900 R_acable,_60, ity
‘7‘3 500) FP f Xh‘gx g-gabl- %0, 5 . hJ
= LK |
[=a=1 A
a 700 f ¢ %% 2%0%%3 R_arable_100; T l. h \*
e A2 W\ T 7T
N [ SN v
g 500 ‘Pﬁj& gf f R X‘Q& R._road_60, (g 4 L‘. :
ve gk s
= n?u 5{ f m@ ?i;k R:_road_80, LX¥ ¥ xi .
E o [/ RURLN e L A
7, 30 _road_100, s &
i fg / “WS% N wt ' 8
- A L)
'u '
100
1t p
0 = s LS e e |
% 100 110 120 130 180 190 200 210 20
The intensity of the red color component
I
G_arable 40,
B=
G_arable 60,
Lo d
G_arable 80,
e
G_arable_100,
f=v=d "
G_road 40,
[ ] | d
G road 60, '.
e *
G_road 80, .,'
*e
G_road 100, )
A
200 210
The intensity of the green color component
L1x10% T
1210° EBF;m e 40; % _’_ -
a0 B_arable_60, A 14—5 ‘!ﬁ
] L “ o 2 e .
o s B_urable_30, L4 ut4 (A 5
E 70 g’_?m»;_mm i ,’,'- By
e ks e Y R
2 B_road 40, W W - “
[ ] | b ' S
5 so B_road_60, ﬁ"ir 1 . 3
Fg 0 g:md 80, %I o ad : —
_road_sUp H hd ‘A hd "
5 P Ay AL
Z 30 B_road_100, T *‘ _ L]
kA i ¢ 5
. noNY
‘ ™.
o PR AT _ ks i m.n_
140 150 160 170 180 190 200 21¢

The intensity of the blue component of color

Fig. 2. The graph of dividing the number of pixels with the corresponding value of color components intensity for
arable and soil road that are received from different altitude.
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UAV flight mode for adjusting of sensor equipment. ~ objects were previously divided into separate

The monitoring was implemented with the help of UAV
DJI Phantom 3+. Camera Model - PHANTOM VISION
FC200. Radio frequency calibration was made on a
service-base data from exiiff file photoshoot in jpeg
format about options of camera configuration basing the
methods being described by I. Korobiichuk et all (2018)
[20]. There were proposed adjusting parameters of digit
camera during researches: Exposure Time - 1/701;
Aperture Value — 2.8; Light Source - Fine Weather.
Experiments were separately implemented at the altitude
of 40, 60, 89 and 100 meters above the surface of field.
Software and applied algorithms. Mentioning that
for monitoring there was format RGB sensor equipment
used and all of the components of color were showed in
single file, the MatchCAD (version 14.0.0.163) was
chosen as program software being adapted for analyze
colored images too. Output image where all imaged

experimental parts with the help of abilities of the
Microsoft Picture Manager (14.0.4750.1000) application
and each part calculated within program MathCAD
apartly.

While filters parameters determining the division of
pixel numbers for each component of soil color was
calculated. In the same way the parts of artificial pattern
were processed. Mentioning that the number of pixels for
parts of image depends on the altitude, the additional
coefficient was introduced and the maximum number of
pixels for any values of the intensity for the components
of color was predicted in the range of 1000+30.

To determine average value of color components
intensity for parts with wheat sowings it was calculated
the average value for pixels being determined as ones
which are not the soil components. To compare received
results for the proposed methodic at the same time the
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computing with algorithm by I. Korobiichuk et all (2018)
[20] was conducted for experimental parts with wheat
sowings. According to such methods the average value of
color components intensity was determined and after that
the pixels which value were different from the average by
10 % were removed. Next step was recalculation average
value.

The researches were conducted 12.04.2018 during
the cloudless weather. During the researches with
artificial pattern regardless of the height for all the
components of color the results were in253-255 range, i.e
results matched all the borders of 8-bit color model
formation. It meant that further use of them was
impossible.

Fig. 2 shows us the graphs of dividing the number of
pixels with the appropriate value of color components
intensity for arable seedbed and dirt road being received
from different altitude. Represented data shows that each
of spectral canal has it’s own specific feature. The
smallest dependence on altitude for arable seedbed to be
fixed on images of sowing, was found for blue component
(maximum in 122-127range), for red and green
components — maximum in 114-124 range and 112-120
range. For the road with pressed soil the maximum
difference in color components intensity value was
founded the blue component.

The configuration of filters were made with the
result of correlation the value of color components
intensity for researched examples of wheat sowing and
parts of soil (Fig. 3).

According to the filter configuration parameters of
the existence objects in frame that are not plants, different
ranges for values of color components intensity were
chosen. Based on the assumption that for both parts of
land assignment of value of color components intensity
well described by a curve of Gauss, as the range for
filtration, took values for which the number of pixels is
greater than a certain percentage. For arable to configure
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the filter for 90% the ranges of filtration are R[120;126],
G[117;124], B[123;130]. The results are showed on figure
4,

As the given data shows, for parts with normal dozen
of fertilizer (1), starting with parameters of filter in 50%,
red and blue canals of filtration gives almost the same
results, for green canal the results are lower (<3%). For
part without artificial fertilizer: green canal received less
values. Computation according to method that are
described in [20] for 0 and 1 parts were received the
following values RGB [122; 145;118] and [109; 146;107].
Finally, parts with fertilizer were reproducible and for the
results for the control part without fertilizers we had a
significant difference, that was caused because of wet soil
from arable land. Possible way of increasing the
possibility of the results obtained in further research Is to
take an account of parts that were identified as plants or
soil. Also the perspective way is when filter by canal
configures for definite range of wvalues of color
components intensity.

Conclusions

1. The thought of the expediency of filtering data by
each pixel that are described in T.Blaschke [17] and
M.P’erez-Ortiz [18], has been experimentally confirmed
for monitoring with the use of UAV.

2. It’s necessary to take into account the altitude
when the filters are configured. For standard digital
cameras of optical range (RGB color space), the smallest
effect on flight altitude changes makes the blue channel.

3. The greatest reproducibility of the results under
the different canals of filtration was obtained with red and
blue canals, but they have low accuracy in wet soil and
not a big sowings, due to that green canal could be more
useful.

Py

py)

Py

Py

Pyl

py)

ve)

w

o}

w

w

VA AOPOOR[>OO
THTFSIFTSIBTS TSI TS T

@

®

Awr O DO
Agw. O PO
Aoy < =2

®

Aoy v OO
@

®

®

PRrpRpoOoOoorRrrRFPOQOOFRRrROOO

@

B¢ e by >

T T T T T T T T T

1
100

Filter settings, %
Fig. 4. Values of intensity of color components of wheat under the different values of configuration filter. Where:

f(filtration canal)_(color components)_(plot).



50 Lysenko V. P., Shvorov S. A., Pasichnyk N. A., Opryshko O. O., Komarchuk D. S., Hunchenko Yu. O.

References

1.Monica Herrero-Huerta, David Hernandez-Lopez,
Pablo Rodriguez-Gonzalvez, Diego Gonzalez-Aguilera,
José Gonzdlez-Pigueras. (2014). Vicarious radiometric
calibration of a multispectral sensor from an aerial trike
applied to precision agriculture. Computers and
Electronics in Agriculture, VVol. 108. 28-38.

2.Jianfeng Zhou, Lav R. Khot, Haitham Y. Bahlol,
Rick Boydston, Phillip N. Miklas. (2016). Evaluation of
ground, proximal and aerial remote sensing technologies
for crop stress monitoring IFAC-PapersOnLine. Vol. 49,
Ne 16, 22-26.

3.Vitalii Lysenko, Oleksiy Opryshko, Dmytro
Komarchuk, Nadiia Pasichnyk, Nataliia Zaets, Alla
Dudnyk. (2017). Usage of Flying Robots for Monitoring
Nitrogen in Wheat Crops The 9th IEEE International
Conference on Intelligent Data Acquisition and Advanced
Computing Systems: Technology and Applications (21-
23.09.2017), 30-34.

4.Jesper Rasmussena, Georgios Ntakos, Jon Nielsen,
Jesper  Svensgaard, Robert N. Poulsen, Svend
Christensen. (2016). Are vegetation indices derived from
consumer-grade cameras mounted on UAVs sufficiently
reliable for assessing experimental plots? European

Journal of Agronomy Vol.74, 75-92
http://dx.doi.org/10.1016/j.eja.2015.11.026.
5.V. Lysenko, O. Opryshko, D. Komarchyk,

N. Pasichnik. (2016). Drones camera calibration for the
leaf research. Scientific herald of the National University
of Bioresources and Nature Management of Ukraine.
Series: Engineering and Power Engineering of
Agroindustrial Complex Vol. 252. 61-65.
http://nbuv.gov.ua/UJRN/nvnau_tech 2016 25 10

6. Gunchenko, Y. A., Shvorov, S. A., Rudnichenko, N. D.,
Boyko, V. D. (2016). Methodical complex of accelerated
training for operators of unmanned aerial vehicles. 2016
IEEE 4th International Conference Methods and Systems
of Navigation and Motion Control, MSNMC 2016 -
Proceedings.  https://www.scopus.com/authid/detail.uri?
authorld=57193057973.

7.Jan U.H. Eitel, Troy S. Magneya, Lee A. Vierlinga,
Tabitha T. Brownc, David R. Huggins. (2014). LiDAR
based biomass and crop nitrogen estimates for rapid, non-
destructive assessment of wheat nitrogen status. Field
Crops Research. 159. 21-32.

8.Shouyang Liu, Fred Baret Mariem Abichou, Fred
Boudon, Samuel Thomas, Kaiguang Zhao, Christian
Fournier, Bruno Andrieu, Kamran Irfan, Matthieu
Hemmerlé, Benoit de Solan. (2017). Estimating wheat
green area index from ground-based LiDAR measurement
using a 3D canopy structure model Agricultural and
Forest Meteorology. Vol. 247. 12-20.

9.Xi Zhu, Tiejun Wang, Roshanak Darvishzadeh,
Andrew K. Skidmore, K. Olaf Niemann. (2015). 3D leaf
water content mapping using terrestrial laser scanner
backscatter intensity with radiometric correction. Journal
of Photogrammetry and Remote Sensing 110, 14-23.

10. Hoffmeister, D. (2016). Chapter 11: Laser
Scanning  Approaches for  Crop  Monitoring.
Comprehensive Analytical Chemistry, Volume 74, 343-
361.

11. Richardson, A. J.; Wiegand, C. L. (1977).
Distinguishing  vegetation from soil  background
information. Photogrammetric Engineering and Remote
Sensing Vol. 43. Ne 2, 1541-1552.

12. Carlos de Souza, Rubens Lamparelli, Jansle
Rocha, Paulo Magalhdes. (2017). Mapping skips in
sugarcane fields using object-based analysis of unmanned
aerial vehicle (UAV) images. Computers and Electronics
in Agriculture. Vol. 143. 49-56.

13. J. Torres-Sanchez, J M. Peiia, A.I. de Castro, F.
Lopez-Granados. (2014). Multi-temporal mapping of the
vegetation fraction in early-season wheat fields using
images from UAV Computers and Electronics in
Agriculture. Vol. 103. 104-113.

14. Maria Pérez-Ortiz, José Manuel Peria, Pedro
Antonio Gutiérrez, JorgeTorres-Sanchez, César Hervas-
Martinez, Francisca Lopez-Granados. (2016). Selecting
patterns and features for between- and within- crop-row
weed mapping using UAV-imagery Expert Systems with
Applications. Vol. 47. 85-94.

15. Ghamisi, P., Couceiro, M. S., Benediktsson, J. A.,
Ferreira, N. M. (2012). An efficient method for
segmentation of images based on fractional calculus and
natural selection. Expert Systems with Applications, 39,
12407-12417. URL:  http://www.sciencedirect.com/
science/article/pii/ S0957417412006756. doi:http://dx.doi.
0rg/10.1016/j.eswa.2012.04.078.

16. J. Senthilnath, Manasa Kandukuri, Akanksha
Dokania, K.N. Ramesh. (2017). Application of UAV
imaging platform for vegetation analysis based on
spectral-spatial methods. Computers and Electronics in
Agriculture. Vol. 140. 8-24.

17. Blaschke, T. (2010). Object based image analysis
for remote sensing. ISPRS Journal of Photogrammetry
and Remote Sensing, Vol. 65. 2-16.

18. P’erez-Ortiz, M., Guti'errez, P. A., Pe"na, J. M.,
Torres-S’anchez, J., Herv'as-Mart'inez, C., & L’opez-
Granados, F. (2015). An experimental comparison for the
identification of weeds in sunflower crops via unmanned
aerial vehicles and object-based analysis. Advances in
Computational  Intelligence.  Springer  International
Publishing Vol. 9094 of Lecture Notes in Computer
Science. 252-262.

19. Junfeng Gao, Wenzhi Liao, David Nuyttens,
Peter Lootens, Jiirgen Vangeyte, Aleksandra Pizurica,
Yong He, Jan G. Pieters. (2018). Fusion of pixel and
object-based features for weed mapping using unmanned
aerial vehicle imagery. International Journal of Applied
Earth Observation and Geoinformation Vol. 67, 43-53.

20. I. Korobiichuk, V. Lysenko, O. Opryshko,
D. Komarchyk, N. Pasichnyk, A. Jus. (2018). Crop
Monitoring for Nitrogen Nutrition Level by Digital
Camera, Automation 2018, AISC, volume 743. 595-603.
(https://link.springer.com/chapter/10.1007/978-3-319-
77179-3_56).

Cnucok giteparypu

1. Monica Herrero-Huerta, David Hernandez-Lopez,
Pablo Rodriguez-Gonzalvez, Diego Gonzdlez-Aguilera,
José  Gonzilez-Piqueras.  Vicarious  radiometric
calibration of a multispectral sensor from an aerial trike


http://dx.doi.org/10.1016/j.eja.2015.11.026
http://nbuv.gov.ua/UJRN/nvnau_tech_2016_25_10
https://www.scopus.com/authid/detail.uri?%20authorId=57193057973
https://www.scopus.com/authid/detail.uri?%20authorId=57193057973
http://www.sciencedirect.com/%20science/article/pii/
http://www.sciencedirect.com/%20science/article/pii/

SPECIAL FEATURES OF GRAIN CROPS SPECTRAL ANALYSIS USING UAV 51

applied to precision agriculture. Computers and
Electronics in Agriculture, 2014. Vol. 108. P. 28-38.

2.Jianfeng Zhou, Lav R. Khot, Haitham Y. Bahlol,
Rick Boydston, Phillip N. Miklas. Evaluation of ground,
proximal and aerial remote sensing technologies for crop
stress monitoring IFAC-PapersOnLine. 2016. Vol. 49,
Ne 16, P. 22-26.

3.Vitalii  Lysenko, Oleksiy Opryshko, Dmytro
Komarchuk, Nadiia Pasichnyk, Nataliia Zaets, Alla
Dudnyk. Usage of Flying Robots for Monitoring Nitrogen
in Wheat Crops The 9th IEEE International Conference
on Intelligent Data Acquisition and Advanced Computing
Systems: Technology and Applications (21-23.09.2017),
2017. P. 30-34.

4.Jesper Rasmussena, Georgios Ntakos, Jon Nielsen,
Jesper  Svemsgaard, Robert N. Poulsen, Svend
Christensen. Are vegetation indices derived from
consumer-grade cameras mounted on UAVs sufficiently
reliable for assessing experimental plots? European
Journal of Agronomy. Vol. 74, 2016. P. 75-92
http://dx.doi.org/10.1016/j.eja.2015.11.026.

5.V. Lysenko, O. Opryshko, D. Komarchyk,
N. Pasichnik. Drones camera calibration for the leaf
research. Scientific herald of the National University of
Bioresources and Nature Management of Ukraine. Series:
Engineering and Power Engineering of Agroindustrial
Complex. Vol. 252. 2016. P. 61-65.
http://nbuv.gov.ua/UJRN/nvnau_tech_2016_25 10

6. Gunchenko, Y. A., Shvorov, S. A., Rudnichenko, N. D.,
Boyko, V. D. Methodical complex of accelerated training
for operators of unmanned aerial vehicles. 2016 IEEE 4th
International Conference Methods and Systems of
Navigation and Motion Control, MSNMC 2016 -
Proceedings. 2016. https://www.scopus.com/authid/detail.
uri? authorld=57193057973.

7.Jan U.H. Eitel, Troy S. Magneya, Lee A. Vierlinga,
Tabitha T. Brownc, David R. Huggins. LIDAR based
biomass and crop nitrogen estimates for rapid, non-
destructive assessment of wheat nitrogen status. Field
Crops Research. 2014. 159. P. 21-32.

8.Shouyang Liu, Fred Baret Mariem Abichou, Fred
Boudon, Samuel Thomas, Kaiguang Zhao, Christian
Fournier, Bruno Andrieu, Kamran Irfan, Matthieu
Hemmerlé, Benoit de Solan. Estimating wheat green area
index from ground-based LiDAR measurement using a
3D canopy structure model Agricultural and Forest
Meteorology. 2017. Vol. 247. P. 12-20.

9.Xi Zhu, Tiejun Wang, Roshanak Darvishzadeh,
Andrew K. Skidmore, K. Olaf Niemann. 3D leaf water
content mapping using terrestrial laser scanner backscatter
intensity with radiometric correction. Journal of
Photogrammetry and Remote Sensing. 2015. 110, P. 14—
23.

10. Hoffmeister, D. Chapter 11: Laser Scanning
Approaches for Crop Monitoring. Comprehensive
Analytical Chemistry, 2016. Volume 74, P. 343-361.

11. Richardson, A. J.; Wiegand, C. L
Distinguishing  vegetation from soil background
information. Photogrammetric Engineering and Remote
Sensing. 1977. Vol. 43. Ne 2. P. 1541-1552.

12. Carlos de Souza, Rubens Lamparelli, Jansle
Rocha, Paulo Magalhdes. Mapping skips in sugarcane
fields using object-based analysis of unmanned aerial

vehicle (UAV) images. Computers and Electronics in
Agriculture. 2017. Vol. 143. P. 49-56.

13. J. Torres-Sanchez, J .M. Peria, A.I. de Castro, F.
Lopez-Granados. Multi-temporal mapping of the
vegetation fraction in early-season wheat fields using
images from UAV Computers and Electronics in
Agriculture. 2014. Vol. 103. P. 104-113.

14. Maria Pérez-Ortiz, José Manuel Perna, Pedro
Antonio Gutiérrez, JorgeTorres-Sanchez, César Hervdas-
Martinez, Francisca Lopez-Granados. Selecting patterns
and features for between- and within- crop-row weed
mapping using UAV-imagery Expert Systems with
Applications. 2016. Vol. 47. P. 85-94.

15. Ghamisi, P., Couceiro, M. S., Benedikisson, J. A.,
Ferreira, N. M. An efficient method for segmentation of
images based on fractional calculus and natural selection.
Expert Systems with Applications, 2012. 39, P. 12407-
12417. URL: http://www.sciencedirect.com/
science/article/pii/ S0957417412006756. doi:http://dx.doi.
0rg/10.1016/j.eswa.2012.04.078.

16. J. Senthilnath, Manasa Kandukuri, Akanksha
Dokania, K.N. Ramesh. Application of UAV imaging
platform for vegetation analysis based on spectral-spatial
methods. Computers and Electronics in Agriculture. 2017.
Vol. 140. P. 8-24.

17. Blaschke, T. Object based image analysis for
remote sensing. ISPRS Journal of Photogrammetry and
Remote Sensing, 2010. Vol. 65. P. 2-16.

18. P’erez-Ortiz, M., Guti'errez, P. A., Pe’na, J. M.,
Torres-S anchez, J., Herv'as-Mart ez, C., & L opez-
Granados, F. An experimental comparison for the
identification of weeds in sunflower crops via unmanned
aerial vehicles and object-based analysis. Advances in
Computational Intelligence.  Springer International
Publishing. 2015. Vol. 9094 of Lecture Notes in
Computer Science. P. 252-262.

19. Junfeng Gao, Wenzhi Liao, David Nuyttens,
Peter Lootens, Jiirgen Vangeyte, Aleksandra Pizurica,
Yong He, Jan G. Pieters. Fusion of pixel and object-based
features for weed mapping using unmanned aerial vehicle
imagery. International Journal of Applied Earth
Observation and Geoinformation. 2018. Vol. 67, P. 43—
53.

20. I. Korobiichuk, V. Lysenko, O. Opryshko,
D. Komarchyk, N. Pasichnyk, A. Jus. Crop Monitoring for
Nitrogen Nutrition Level by Digital Camera, Automation
2018, AISC, 2018. volume 743. P. 595-603.
(https://link.springer.com/chapter/10.1007/978-3-319-
77179-3_56).
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CIIEKTPAJIBHUI AHAJII3 3 BUKOPMCTAHHSM
BITJIA
B. I1. Jlucenxo, C. A. Lllleopos, H. A. Ilaciunux,

O. O. Onpuwxo, J]. C. Komapuyx, FO. O. I'ynuenxo

AHoTanisi. MOHITOPUHT  CUIbCHKOTOCHOAAPCHKUX
MOJNIB CTaHy PpOCIMHHOCTI € BAaXJIMBUM KPOKOM Yy
BUKOPUCTAHHI IWUCTAHIIHHOTO 30HAYBaHHS 3eMyi IS
3aBIaHb TOYHOTO 3emiiepoOcTBa. Hemae Tpammmiitaux
O0opTOBHX TIATPOPM, TAaKUX SK JHTAKA 1 KOMEPIiIHHUX
CYITyTHUKIB TIIXOAATH IIi BHUKOPHUCTOBYIOTHCS 3-3a IX
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HU3BbKOI po3auTbHOI 3maTHOCTI. I[Ipobmema Moke OyTH
BHpimIeHa 3a gormomororo bITJTA.

Y mif  crarri, BIIJIA ocHamyioTecst Kamepa
BHAMMOTO [ialma30Hy CHEKTpy Oyina BUKOPHCTaHA JUIS
TOTro 100 3poOHMTH 300pa’keHHs IONIS MIICHUII y (dasy
KyIleHHS. 3aBIJKA BHUCOKIH pO3AUTBHIN 3TaTHOCTI
300paxxeHHss Ha QoTorpadii TpyHTY, a TaKOX a TaKOX
pociuH. lle BIuIMHE Ha 3aranbHe CHEKTPAJIbHUX
MOKa3HUKIB IMOCIBHUX ILIOLLL.

Merta 1octipKeHHS NoJsrae B po3po01li MeTo 1010 i1
pO3MEXyBaHHS IUIOLIl MIIEHWII 3 IUIOLI IPYHTY Ha
¢dororpadii. ExcriepumenTu npoBoauiucs B 40 — BHCOTH
100 m BIITA nmiama3oH AJist pi3HUX CTaHIB IPYHTY — OpHOL
TPYHTOM 1 CyXill IpyHTOBi# HOpo3i. bymo BcraHOBIEHO,
mo BayJmBO Uit F pimii, B ocHOBHOMY, (ikcoBaHi s
MOCIBiB 1, BINIMOBITHO, KOPUTYBaHHS (PIIBTPIB MOBHHHA
MIPOBOANTHCS JUIsl KOXXHOTO MOHITOPHHTY BHCOTa apartly.

[Ipu BuOOpi ontuaHOi QiNbTparii Aiama3oHy KaHAa,
mo0 BIJPI3HATH POCIMHH 3 TPYHTY, aHaI3yeThCs
BiUIIICHUI miKceni 300pasKeHHS JIOLITBHO
BUKOPHCTOBYBATH 3€JICHHH 1 CHHIH KaHAJIH.

KarouoBi caoBa: BIIJIA, cTpec-inaekcu, asor,
MapupyTd npubupanss, iHgekc NDVI, nuctaniiitHmii
KOHTPOJIb, CUIBCHKOTOCIIOIapChKa KYJIBTYpA,
CHEKTPaJbHUI IH/IEKC.

OCOBEHHOCTH 3EPHOBBIX KYJIbTYP
CIIEKTPAJIBHBIN AHAJIN3 C UCITOJIb30BAHUEM
BITA
B. @. Jlvicenxo, C. A. llleopos, H. A. Ilacuunux,

A. A. Onpwuuxo, /1. C. Komapuyx, FO. A. I'vnuenxo

AHHOTaUMA. MOHUTOPUHT CEIbCKOXO3UCTBEHHBIX
MOJICH COCTOSIHUSL PACTHTEIBHOCTH SIBIISICTCS BaXKHBIM
rarom B UCTOJIb30BaHUH JIUCTaHITHOHHOTO
30HAMPOBaHMUS 3eMJM U 3a7ad TOYHOTO 3EMIICHEIHS.
Her TtpamuiuoHHBIX OOPTOBBIX IIATPOPM, TAKUX Kak
CcaMOJIETBI M KOMMEPUYECKUX CITyTHUKOB MOIXOMAT ITH
HCTIONB3YIOTCS M3-3a UX HU3KOTO paspemeHus. [Ipobmema
MOXeT OBITh perieHa ¢ momoiisio BITTA.

B otoii  cratee, BIIJIA ocHamarorcs Kamepa
BUIMMOTO JHana30Ha CIEeKTpa Obla MCIOJIb30BaHA IS
TOTO YTOOBI MPOU3BECTH M300PaKECHUE TMOJIS MIICHUIIBI B
¢a3y kymeHus. bnaromaps BBICOKOMY pa3pelICHUIO
n3o0paxenuss Ha Qororpaduu IMOUBBI, a TAaKKE a TaKXKe
pacteHuii. DTO TOBIMsIET Ha oOOIIEe CHEKTPAIBHBIX
HoKa3aTtejieil MOCEBHBIX IUIOIIAaAEH.

Hens wmccnenoBaHWs 3aKimiOgaeTcss B pa3padoTke
METOJOJIOTHH Pa3TPAaHWYCHUS IUIOMAIAN IIICHUIBl C
miom@anan To4YBbEl Ha (GoTorpadum. IDKCIEPUMEHTHI
npoBouich B 40 — BeicoThl 100 M BITJIA nuamnazoH asis
pa3IMYHBIX COCTOSIHMM TpyHTa — MAXOTHOM IOYBOW U
CYXOW TPYHTOBO# opore. b0 ycTaHOBICHO, YTO BaXKHO
Ui F maunrau, B OCHOBHOM, (DMKCUPOBAHHBIC JUISI TIOCEBOB
U, COOTBETCTBCHHO, KOPPEKTHPOBKA (MIBTPOB HOJDKHA
MPOBOAUTHCS JIUISL KAXKJIOI0 MOHUTOPUHTY BhicoTa apartly.
[Ipu BEIOOpE ONTUYECKON PHIBTpAIMK AHATIA30HA KaHAJ,
YTOOBI OTJINYATH PACTCHUS M3 IMOYBBI, aHATTU3UPYETCS
OTJIEeTICH MMUKCENTH N300pakeHHs 1eecoo0pa3Ho
HCTIOIb30BATh 3€JICHBIM U CHHUM KaHAJIbI.

KuaroueBbie ciaoBa: BIIJIA, cTpecc-MHIEKCH, a30T,
MapuipyTel yoopku, uHaekc NDVI, nucraHnnoHHBIH

KOHTPOJIb, CEJIbCKOXO03SHCTBEHHAS
CIIEKTPaJIbHBIN UHIEKC.
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Abstract. Rapeseed harvesting starts in the Baltics
as soon as seed moisture content decreases to 12%. While
the variation in seed moisture content is not affected by
short-term precipitation, prolonged precipitation leads to
ca. 2% increase in the moisture content. 0.2 m high
stubble of winter rapeseed accounts for the share of
49.87% in the total stem mass. Its moisture content is
10.39% higher than of the remaining share of the stem
mass. Increase of the stubble height to 0.3 m leads to
15.52% reduction in the stem mass fed into a combine
harvester, and 1.79% reduction in moisture content of the
stem mass. In this case, fuel consumption per hectare of
harvested rapeseed is lower by 2.74 |, and per ton of
threshed seeds — by 0.27 I. Relationship between the rate
of rapeseed feed into a combine harvester, shatter loss
from straw separation and chaff cleaning, and fuel
consumption per ton of threshed seeds has been found.
The rate limit of rapeseed feed into the combine harvester
is reached, when fuel consumption per ton of threshed
seeds has stopped reducing, but shatter loss from straw
separation and chaff cleaning is still within the tolerable
range. In the case of winter rapeseed harvesting under
processing conditions, fuel consumption per ton of
threshed seeds ranged from 2.5 to 6.5 I, while in the case
of rational rate of rapeseed feed into the combine
harvester, fuel consumption per ton of threshed seeds
reached 2.93+0.23 I.

Key words: combine harvesters, rapeseed, fuel
consumption, grain loss, throughput.

Introduction

Rapeseed oil is used in food industry, biofuel,
rapeseed cake — for production of compound feed, and
straw — for production of solid fuel. In Europe winter
rapeseed varieties [1] are preferred to summer varieties
due to higher yield of the former. In Lithuania, winter
rapeseed areas account for the share of 80,5% of the
entire rapeseed crop area [2]. Winter rapeseed yield is
1.7 times higher compared to summer rapeseed.

Winter rapeseed crops are harvested during the third
ten-day period of July, while summer rapeseed harvesting
takes place at the end of August, when average moisture
content of seeds is ca. 12% [3]. Natural factors may lead

to shatter losses of up to 2.5 %, whereas delay of reaping
may result in as high as 6.8 % shatter loss [4]. Natural
shatter losses are affected by genetic properties of the
rapeseed [5, 6], short-term heavy precipitation and strong
wind [7]. Shatter loss may be reduced biologically and
chemically by speeding up the process of rapeseed
maturation or delaying the dehiscence of siliquae.

Formulation of problem

Moisture content of stems during the rational
rapeseed harvesting period reaches 75-85 % and reduces
slowly. Stem branches are usually covered with abundant
foliage. Shatter loss from combine harvesting may
account for up to 11 %, natural shatter loss — 3% [8].

Maturation of siliquae varies depending on their
location on the rapeseed stems: higher location
determines earlier maturation, while siliquae located
lower are prone to delayed maturation. Dehiscence of
siliquae occurs naturally and their seeds fall on the soil
before all siliguae become mature [4]. The crops are
sprayed with Pinolen solution to reduce the natural shatter
loss [9]. Siliquae are coated by the light film of viscous
solution that prevents them from opening. Natural shatter
loss of the rapeseed crops sprayed with Agrovital solution
was 7 %, compared to 26% of the shatter loss in case of
unsprayed crops [10]. In the cases of very unfavourable
conditions during rapeseed harvesting, shatter loss from
harvesting the rapeseed sprayed with Pinolen solution was
11 times as low as for the unsprayed rapeseed [11].

Analysis of recent research results

Combine harvester throughput and performance
during rapeseed harvesting largely depend on the
moisture content of rapeseed, rate of the mass fed into the
combine harvester and composition of the mass [12, 13].
Values of diameter, moisture content and mass increase
the closer to the soil, compared to the values at the top
branches [14]. As long as the rapeseed has not flattened, it
may be harvested by leaving higher stubble. Combine
harvester throughput has been determined to increase by
1.5-2 %, and fuel consumption — to decrease by 1.5 %
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with each 10 mm added to the crop stubble height
[15, 16]. On the other hand, the rapeseed is more humid in
the morning and evening, leading to smaller running
speeds of combine harvesters and resulting in higher fuel
consumption per ton of threshed seeds. Pattern of
variation of fuel consumption during rapeseed harvesting
in the course of the day in different years has not been
determined yet. Biometric indicators of winter and
summer rapeseed are different, and their effect on the
performance indicators of combine harvesters and fuel
consumption has not been revealed yet.

Purpose of research

The aim of the study is to validate rational means for
reduction of shatter loss from combine harvesting of
rapeseed and fuel consumption.

Results of research

Biometric indicators: For the purpose of
identification of the biometric parameters, the number of
plants and number of siliquae of each plant, the height of
stems, distance from the soil to the first branch were
determined in plots of 0.25 m? in five replicates sampled
randomly on production fields of farms before rapeseed
harvest (BBCHSS). Siliquae picking from different
locations of the site was repeated three times with 50
siliquae picked each time. Length of each siliquae,
number of seeds per siliquae, seed weight and the mass of
1000 seeds were determined at the laboratory. Stems of
rapeseed were taken from five replicates of 0.25 m? to
determine the biological rapeseed yield. The stems were
then transferred into individual waterproof bags of large
volume. Each sample was hand-threshed at the laboratory.
Clean seeds, chaff, stems, and 0.2 and 0.3 m high stubble
were weighted individually. Samples of rapeseed stems,
stubble and seeds were taken to determine the moisture
content. Samples were subjected to drying at 105 °C to the
steady moisture content condition. Biological yield of the
rapeseed and share of stubble in the straw mass were
calculated. Average data were calculated. The mass of all
sample seeds was calculated at 9% moisture content.

- Natural shatter loss. Variation in moisture content
and natural shattering of seeds of winter rapeseed variety
Sunday was observed at the Experimental Station of
Aleksandras Stulginskis University. On 30 July, seven 1.5
x 0.05 m troughs were placed on the site of the rapeseed
crops. The inner surface of the troughs was coated with
waterproof and cloth of low elasticity. The troughs were
checked for shattered seeds on the daily basis at 2 p.m.;
seeds found in each trough were counted, put into bowls
and weighted at the laboratory. Siliquae were picked in a
separate part of the site alonthe stems of the rape, hand-
threshed, and five samples of seeds were taken to
determine the moisture content. Average moisture content
of seeds and shatter losses of seeds of 9% moisture
content in kg ha'* were calculated on the daily basis.

- Variation of moisture content and weight along the
stems. Rapeseed was cut near the soil at the monitoring

site of the five plots of 0.25 m?. Each sample was
subjected to individual threshing. The stems were cut into
100 mm long pieces. Each length class of the pieces was
weighted. The pieces were then cut into smaller pieces of
up to 10 mm in length, and five samples were taken to
determine their moisture content. Moisture content of
each length class of stems and their share in the total mass
of stems were calculated.

- Shatter loss from rapeseed straw separation and
chaff cleaning. Determination of the loss was carried out
at the production fields of farms during rapeseed
harvesting by combine harvesters of different designs. For
this purpose, 0.0213 m? bowls having the shape of a cut
cone were used. Rapeseed samples to determine the
biometric indicators were taken from five 0.25 m? plots of
100 m long field section of unflattened crops of uniform
density and maturity.

The researchers communicated with the supervisor
of research programme sitting in the cabin of the combine
harvester via RC during the operations. Two bowls were
placed under the combine harvester moving at the
programme speed and distributing the shredded straw, one
— next to the driving wheel, other bowls — at the distances
of one meter from the wheel (width & of the stretch of the
distributed cut straw had to be taken into account).
Afterwards, rapeseeds in the bowls were calculated.
Moisture of the seeds was measured using Pfeuffer HE
lite moisture meter (accuracy of readings — 0.1%). Shatter
loss from rapeseed straw separation and chaff cleaning
was calculated in kg ha® as follows:

_adb ’
2,13B
where a — average number of seeds per bowl, pcs., 4 —
mass of 1000 seeds, g; B — cutting table width of the
combine harvester, m; » — width of the stretch of the
distributed cut straw, m.

The mass of 1000 seeds distributed into ten samples
(100 seeds each) was determined under field conditions
using Kern CM320 scales. The mass ranged from
3.7+0.13 to 4.840.035 g.

Where the seeds in the bowls were weighted under
field conditions using the scales (Kern CM320), shatter
loss was calculated in kg ha as follows:

N = 469,5a,b,
B
where a1 — average mass of seeds in the bowls, g.

- Combine harvester throughput. Distance made by
the combine harvester and its fuel consumption were
registered at the beginning of the operations. Filling time
of each hopper, distance made by the combine harvester,
seed yield, and moisture content were registered during
the operations. Moreover, seed discharging time of each
hopper was measured under the conditions of standstill
and running combine harvester. Seeds of each hopper
were weighted at the warehouse. Where a combine
harvester was not equipped with any seed moisture
content and yield meter, moisture content was determined
using a portable moisture meter, while average yield was
calculated according to biometric indicators of the
harvested crops. Combine harvester throughput during the
process time (ha h™?) was calculated as follows:
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W =01BvT,
where: B — cutting table width, m; v — combine harvester
running speed, km h''; T— operating time, h.
Combine harvester throughput during the process
time (t h') was calculated as follows:
w, = 000G
I
where: G — hopper grain mass, t; 71 — hopper filling time, s.

- Fuel consumption. Fuel consumption by combine
harvester C was measured in | h?' using AIC-888
Instructor device produced by the Swiss company
Automotive Information and Control Systems AG.
Verification of the device was in compliance with Euro-
Norm 95/54/CE. Measurement tolerance: *1%. Fuel
consumption by combine harvester £ was measured in
I h using the manufacturer’s device. Real-time fuel
consumption readings were shown on the computer
display. Average fuel consumption per ton of threshed
seeds and hectare of harvested rapeseed was calculated
based on the values of filling time of each hopper, seed
mass and fuel consumption measured at factory
conditions. The obtained data were more accurate, where
harvesting of each rapeseed variety was monitored
individually from early morning to late evening for
several days.

- Statistical analysis. The experiments of rapeseed
shattering were carried out in 7 replicates, whereas others
— in 3 replicates. One-way analysis of variance (ANOVA)
was performed with MS Excel to analyse data. Significant
difference (p<0.05) between treated and non-treated
rapeseed was determined with Fisher’s LSD range test.

- Grain combine harvesters. Throughput, shatter loss
from straw separation and chaff cleaning, fuel
consumption were measured for winter and summer
rapeseed harvesting by combine harvesters with straw
walkers 4 and C, hybrid combine harvester D and

Table 1. The key technical data of combine harvesters.

combine harvester with two axial threshing-separation
cylinders E.

Combine harvesters 4 and C are of average, while D
and E are of high throughput.

The main threshing cylinder in combine harvesters
A, C and D is preceded by a cylinder of 0.45 m in
diameter that accelerates the throughput speed of the
inclined conveyor from 5 to 15 m s. As a result, thinner
layer of mass is fed into the threshing unit. Harvesting of
winter rapeseed was carried out in different years in July
and August. Biometric indicators and variation of
moisture content along the length of stems were measured
at the laboratory, while combine harvester throughput,
shatter loss and fuel consumption — during rapeseed
harvesting.

1. Weather condition. Starting time of winter
rapeseed harvesting is largely affected by weather
conditions of July. There were 16 rainy days in July and
11 rainy days in August on average leading to > 0.5 mm
precipitation.

2. Biometric indicators of rape Operating speed and
performance indicators of a combine harvester are
determined by the rate of rapeseed feed and its
composition. It was determined that the density of
different varieties of winter rapeseed crops were within
the data distribution range (Table 2). The height of
stubble during rapeseed harvesting is limited by the
distance from the soil surface to the first branch.
Unflattened winter rapeseed may be cut by leaving the
stubble of ca. 0.3 m in height.

2. Starting time and period of rapeseed harvesting.
Rapeseed cutting starts after decrease of seed moisture
content down to 12% (Fig. 1). Where weather conditions
are favourable for rapeseed maturation, seed moisture
content decreases down to 8.5% within three days, in
which case desiccation is not required.

Indices Measyring Combine harvester
units A C D E
Header width m 6 6 9.1 7.3
Cylinder (rotor) diameter m 0.45 0.6 0.6 0.559
Cylinder (rotor) length m 1.58 1.7 1.7 2x2.638
Total separation area of concaves m? 1.32 1.73 1.73 3.06
Total separation area of sieves m? 5.65 5.8 6.2 6.5
Grain tank capacity | 9000 8100 12000 10500
Engine power kw 220 203 368 360
Table 2. Biometric indicators of winter and spring rapeseed.
Index Measur_ement _ Winter rape
unit Catalina Sunday Remy
Crop Density (st. m?) 43.20+4.91 45.3+2.8 45.246,11
Height of plants (m) 1.27+0.05 1.24+0.05 1.29+0.04
Distance from soil surface to first branch of plant (m) 0.47+0.11 0.41+0.07 0.25+0.06
Stubble mass (250 mm) share in total stem mass (%) 44.96+6.27 | 56.15+2.14 | 34.05+0.6
Length of siliquae (mm) 72+3.40 61.73£0.79 | 72.03+1,71
Number of seeds within siliquae (units) 26.5+2.1 25.35+1.23 | 27.440.73
Weight of seeds within siliquae (9%)* (9) 0.105+0.01 | 0.114+0.01 | 0.121+0,01
Weight of 1000 seeds (9%)* (9) 3.7+0.13 4.840.035 | 4.74+0.03
Biological yield (9%)* (tha?) 2.74+0.77 | 5.25+0.44 | 3.4140.39

*Seed moisture content
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Dry rapeseeds react to variations of ambient
atmospheric conditions. Although no precipitation was
registered on 5 August, moisture content of seeds
increased by ca. 1 % within two days due to increase of
relative humidity of ambient air by 10 %. Mature
rapeseed must be cut within three days, or harvesting may
continue to the first heavier rain
(> 3 mm). Light precipitation (0.1 mm) did not affect
variation in seed moisture content (11 August).
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Fig. 1. The dynamics of seed moisture content (Ui)
and total shatter losses (N) of winter rapeseed variety
Sunday for particular days of July and August, 2009:
1 — seed moisture content, in %; 2 — total shatter losses, in
kg ha'l; 3 — precipitation.

4. Stubble height. In case of harvesting of fully
flattened rape, 0.1 m of stubble is left, while in case of
unflattened rapeseed, the stubble height is 0.2 to 0.3 m.

During harvesting of rapeseed variety Catalina, seed
moisture content reached 9.21%, while moisture content
of the total stem mass was as high as 75.33%. The share
of stubble (0.2 m in height) was 39.42+2.56% of the total
stem mass, moisture content of the stubble reached
82.33£0.68%, while moisture content of the mass fed into
combine harvester was as high as 71.96+1.78%. After the
stubble height had been increased to 0.3 m, 11.86+0.82%
less stem mass was fed into the combine harvester, and its
moisture content was lower by 1.18 %.

Stubble (0.2 m) of winter rapeseed variety Sunday
accounted for the share of 47.3+1.59% in the total stem
mass, where seed moisture content reached 17.25, while
the average moisture content of stems was 80.43%. The
higher the moisture content of harvested rapeseed, the
larger the share of stubble mass in the total mass. After
the stubble height had been increased to 0.3 m,
13.61+0.61% less stem mass was fed into the combine
harvester, and its moisture content was lower by ca.
2.44 % points.

In general, taking into account the dynamics of mass
of different winter rapeseed varieties in 20092012 at the
specific length of stems (0.6 m), close relationship
between stubble height # and its mass mi has been
determined:

my = 107.23h% — 98.55/ + 33.45, R?=0.97.

Variation in the moisture content along the rapeseed
stems is poor. Linear dependency between stubble height
h and its moisture content U, has been determined:

U,=-17.97h + 85.13, R>=0.99.

5. Shatter loss from rapeseed harvesting. During
harvesting by combine harvesters, seeds fall out of active
side dividers of the cutting table, reels that have been
lowered excessively or are subject to excessively fast
rotation. An operator of the combine harvester may
reduce the shatter loss from rapeseed harvesting by
changing the reel position, the ratio between their rotation
speed and running speed of the combine harvester. In case
of irrational rapeseed feed into the combine harvester,
straw walkers or rotary straw separators and cleaning
sieves fail to separate all seeds from the chaff. Combine
harvesters still lack a reliable meter of shatter loss from
straw separation and chaff cleaning. As a result, shatter
loss from straw separation and chaff cleaning is
determined manually, with subsequent adjustment of
computer readings.

The effect of the rate of winter rapeseed feed into
combine harvester A of average throughput on the shatter
loss from straw separation and chaff cleaning has been
analysed (Fig. 2). The lowest number of seeds that had
dropped on the soil together with straw and chaff was
registered during rational feed rate of rapeseed into the
combine harvester.
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Fig. 2. The effect of the rate of rapeseed feed into
combine harvester 4 on shatter loss from straw separation
and chaff cleaning: 1 —winter rapeseed Catalina: rotation
speed of the threshing cylinder n,=740 min, rotation
speed of the ventilator »,=750 min, clearance between
the cylinder and sub-cylinder a=20-121 mm, clearances
between sieve scale in the upper sieve »1=6 mm, in the
bottom sieve — »,=2 mm, stubble height #=0.3 m, seed
yield 4,=2.84 t ha, seed moisture content U:1=9,21%,
stem moisture content — U>=71,96 %.

In case of harvesting of moist winter rapeseed Remy
(U1=14.16%) by hybrid combine harvester D (Fig. 3) of
high throughput, and dry rapeseed Casino (U1=8,8%) by
combine harvester with two axial threshing-separation
cylinders E, the lowest shatter loss from straw separation
and chaff cleaning was determined to be within the
tolerance limit of 1 %, when rational feed rate of rapeseed
into combine harvester D was 7.58, and in combine
harvester £ — 12.6 kg s®. The difference was due to
design properties of the combine harvesters and
differences in rapeseed moisture content. Shatter loss
tended to increase upon reduction or further increase of
the rate of rapeseed feed into the combine harvesters.
Shatter loss had to be measured manually more frequently
at the beginning of rapeseed harvesting in order to
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validate the rational combine harvester running speed, i.e.
the rate of rapeseed feed.
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Fig. 3. The effect of the rate of rapeseed feed into the
combine harvester on shatter losses from straw separation
and chaff cleaning: 1 — combine harvester D, winter
rapeseed Remy, 7,=560 min=, »,=800 min?, a=18 mm,
b1=12 mm, b=5 mm , 4,=3.2 t hal, U;=14.16%,
U»=60.61%; 2 — combine harvester E, winter rapeseed
Casino, n,=650min’, 7,=500 min?, @=23 mm b;=6 mm,
b=3 mm, h=0.3 m, 4,=3.2 t ha!, U1=8.8%, U,=47.70%.

It has been determined based on research results that,
in general, rational rate of rapeseed feed into a combine
harvester depends on combine harvester throughput,
biometric indicators of rapeseed, and stubble height. In
the case of rapeseed harvesting using part of the width of
the cutting table or at varying stubble height, running
speed of the combine harvester must be adjusted as well
in order to maintain the same rational rate of rape feed.
The combine harvester should be equipped with an
automatic control system that changes process parameters
of the threshing unit, straw separator, and cleaner.

6. Fuel consumption and combine harvester
throughput. As the combine harvester is cutting the
rapeseed and increasing the stubble height (Fig. 4), the
mass is fed into the combine harvester at lower rate,
leading to less fuel consumed for threshing of one ton of
seeds. The reduction in fuel consumption is slightly
slower in case of higher stubble due to uneven variation
of mass and moisture content along the stems. Where
unflattened winter rapeseed was harvested, the most
rational height of the stubble was 0.3 m.

It has been determined (Fig. 5) that, with the increase
of the rate of winter rapeseed feed into the combine
harvester to 12 kg s?, fuel consumption per ton of
threshed seeds saw reliable reduction. Where the rate of
rapeseed feed into the combine harvester was exceeded,
fuel consumption did not drop and ranged within the
tolerance limits. There is certain relationship between
rational rate of rapeseed feed, shatter loss and fuel
consumption per ton of threshed seeds. Computer of the
combine harvester fails to show reliable data on the
dynamics of shatter loss; therefore, its automatic speed
control should be linked to the engine load and fuel
consumption per ton of threshed seeds.
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Fig. 5. The effect of the rate of winter rapeseed
Sunday feed into combine harvester C on fuel
consumption per hour (B) and ton of seeds threshed (B;)
by the engine: #=0.3 m, n,=600 mint, n,=930 min, ¢z=18
mm, 51=9 mm, b,=5 mm, 4,=2.3 t hal, U;=11,2%; v=6
km h?% 1 — hourly fuel consumption; 2 - fuel

consumption per ton of threshed rapeseed.

Actual fuel consumption was determined more
accurately by monitoring combine harvester operations
throughout the day or for several days on the production
areas. Reliable effect of the time of day during winter
rapeseed Visby harvesting on combine harvester C
throughput and fuel consumption per ton of threshed
seeds has not been determined. Combine harvester
throughput was slightly higher, and fuel consumption —
lower at noon.

Operating conditions may have greater effect on fuel
consumption by the engine than change of the fed
rapeseed flow in individual cases. Similar data have been
obtained for rapeseed harvesting by combine harvester D.

Characteristics of winter rapeseed species Visby,
Rohan and Cult did not have any reliable effect on
combine harvester C throughput and fuel consumption.
For winter rapeseed Rohan harvesting, fuel consumption
per ton of threshed seeds reached 2.54+0.18, while for
rapeseed species Cult — 2.22+0.47 1. For winter rapeseed
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Remy harvesting by combine harvester D under
unfavourable conditions, fuel consumption per ton of
threshed seeds ranged from 4.4 to 6.9 I. A lot of time at
the beginning of harvesting was spent on empty trips and
frequent downtimes. Although short-term and heavy
precipitation led to shorter operating times of combine
harvesters, throughput per net operating time did not
reduce.

Discussion

Starting time of rapeseed harvesting and shatter loss
are largely affected by weather conditions. Short-term
precipitation does not affect moisture content of mature
summer rapeseeds [4]. Similar results have been obtained
by monitoring the dynamics of moisture content of winter
rapeseeds Sunday (Fig. 1) Heavy precipitation (18 mm)
leads to increase in moisture content of rapeseeds by ca. 2
%; however, the moisture content drops to the previous
value the following day [3]. Prolonged rainy periods lead
to increase in total shatter loss several fold [7]. The
authors have noted that not only precipitation, but also
strong wind > 5 m s have greater effect on shatter loss.
Under favourable weather conditions, rapeseed harvesting
may start as soon as the rapeseed moisture content
reaches 9, and in case of rainy weather — 12%. Duration
of rapeseed harvesting: 3-5 days.

Combine  harvester  performance and  fuel
consumption depend on the rate of rapeseed mass feed
into the combine harvester [12, 13]. The rate may be
adjusted by leaving higher stubble without any changes to
the running speed of the combine harvester. In Germany,
moisture content of the mature rapeseed has been found to
vary by 70 to 20 % along the length of stems [14], while
in case of high moisture content (59.55%), the variation
was 10% points only. In Lithuania, relative air humidity
in July for the recent decade has been 75.7, August —
79.3%. Moisture content of winter rapeseed Catalina
ranged from 83.17+1.88 to 74.10£0.47 the length of 0.6 m
high stems. The rate of rapeseed mass feed into the
combine harvester and average moisture content may be
reduced by increasing the height of stubble. Increase of
wheat stubble height from 0.1 to 0.2 m has been found
[16] to reduce fuel consumption per harvested hectare by
4 1. According to other authors [15], combine harvester
throughput increases by 2 % points with each 0.01 m of
added stubble height. On the other hand, the effect of
stubble height on performance indicators of the combine
harvester has not been covered, while rapeseed harvesting
has not been mentioned at all.

Rapeseed is usually harvested by leaving 0.2 m high
stubble. Increase of stubble height of winter rapeseed to
0.3 m leads to ca. 15.52 % reduction in the mass of stems
fed into the combine harvester and 1.2 % reduction in its
moisture content.

Rational rate of mass feed is different for each group
of combine harvesters. Therefore, where shatter loss from
straw separation and chaff cleaning is within the tolerance
limits, change of stubble height must be performed with
reference to a combine harvester running speed as well, in
order to maintain the rational rate of rapeseed feed into
the combine harvester.

Fuel consumption per hour and per harvested hectare
provide only partial picture of the operating conditions of
combine harvester and engine load. Fuel consumption per
ton of threshed seeds provides more accurate actual
indicator of combine harvester performance. Increase of
the rate of rapeseed feed into the combine harvester to a
rational value has been found to lead to reliable drop in
fuel consumption per ton of threshed seeds. If rational
feed is exceeded, fuel consumption stops reducing and
either ranges within the tolerance limits, or starts
increasing. There is reciprocal relationship between the
rapeseed feed rate, shatter loss and fuel consumption per
ton of threshed seeds. As the computer of combine
harvester does not show reliable dynamics of shatter loss,
automatic control of running speed should be linked to the
engine load and fuel consumption per ton of threshed
seeds.

During rapeseed harvesting, part of the day is spent
on empty trips by a combine harvester on the field, turns
at the end of the field, waiting for grain transportation
vehicles or repairs. Therefore, actual fuel consumption is
higher than fuel consumption during the process time.
Fuel consumption by combine harvester C per ton of
threshed seeds per process time was determined at
2.54+0.18 under favourable conditions and 4.72+0.4 |
under unfavourable conditions. No reliable difference in
variation of fuel consumption between different species of
harvested rapeseed has been found.

Conclusions

1. If the stubble height of winter rapeseed was 0.2 m,
the stubble amounted to the share of 49.87% of the total
stem mass. Increase of the stubble height to 0.3 m led to
reduction of the stem mass fed into the combine harvester
by ca. 15.52%, of fuel consumption per hectare harvested
— 2.74, per ton of threshed seeds — 0.27 .

2. The lowest value of shatter loss from straw
separation and chaff cleaning was reached in case of
rational rate of rapeseed feed into the combine harvester.
Contrary to grain harvesting, reduction of rate of rapeseed
feed into the combine harvester leads to increased shatter
loss. Therefore, when the stubble height is increased,
combine harvester running speed must be adjusted to
maintain the rational feed rate of the mass.

3. Increase of the rate of rapeseed feed into the
combine harvester to a rational value leads to reduction of
fuel consumption per ton of threshed seeds, and, further,
the fuel consumption either becomes stable or starts to
increase. Automatic control of the process of combine
harvester must be linked to the engine load and fuel
consumption per ton of threshed seeds.
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3HMKEHHSA BTPAT HACIHHA I BUTPATA
IMTAJIMBA Y BPOXAIO PITTAKY
JI. LInokac, C. B. Cmonincokuii, I'. 3ebpayckac,
A. Linniene

AHoTanig. Pimaky 306ip ypokaio MOYHMHAETHCS B
ITpubanTuil, SK TUIBKK BOJIOTICTh HACIHHS 3HHMKYETHCS
no 12%. B Toif Wac sk 3MiHa BOJIOTOCTI HACiHHS He
BIUTMBAE HAa KOPOTKOYACHI OMajaW, TpPHWBAJII OMaaH
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npmBoautek 10 Ka. 2% 30idpmIeHHS BMICTY BOJIOTH.
Bucoka 0,2 M cTepHi 03MMOro pimaky IpHUIagae Ha
yactky 49.87% 'y s3aranpHiii cToBOYpHOi Macu. [i
BOJIOTiCTh cTaHOBUTH 10.39% BHIE, HDK iHIIA YacTKa
cToBOYpHOI Macu. 30inmbImeHHsT BUCOTH cTepHi a0 0,3 M
MPUBOANTE 10 3MeHmeHHs 15.52% B croBOypi Maca
MOJAEThCS B KoMOaiiui, 1 3HmkeHHs 1.79% Bojorocrti
Macu crtebna. Y [bOMY BHIAJKy, BUTpara HajuBa Ha
reKTap pinaky HaMoJIO4eHO Oyne Huxkye Ha 2,74 i1, a Ha
TOHHY 0OMoJOo4YeHOro 3epHa — Ha 0,27 1. 3B'I30K Mik
LIBUJKICTIO piNaky rojyBatu B KomOaiiHi, 3pyHHyBaTH
BTPATH BiJ PO3MUICHHS 1 OYHIIEHHS COJIOMH, TOJIOBH, i
BHTpaTa TajiBa Ha TOHHY oOMonodeHoro Hacinus OyB
3HaiineHuil. [ paHMYHUI po3Mip HACIHHA piaKy TOAyBaTH
B KoMOaifHi HocsraeThcs, KOJM BUTPATA MaINBa HA TOHHY
00OMOJIOUECHOTO HACIHHS NPUIHMHUB 3HIDKCHHS, aje
3pyHHYBaTH BTpPaTH COJOMH PO3AUICHHS 1 OYMINCHHS
MIOJIOBH-1IE II€ B MEXax JOIyCTUMOTO fiama3oHy. Y pasi
03MMOTO pilaKy 3aroToBKa IiJi 0OpoOKy yMOBH, BUTparta
najvBa Ha TOHHY OOMOJIOYEHOro HaciHHs BapiroBajacs
Bix 2,5 mo 6,5 1, a y BUNAAKY palliOHAJIbHHUX BapTICTh
HaCiHHA pilaKy KOpMOBOi KOMOaifH, BHTpaTa majuBa Ha
TOHHY 00MOJIOUEHOT0 HaciHHA noixatu 2.93+0,23 .

KarouoBi ciioBa: 3epHO30HMpanbHUA  KOMOaiiH,
pimak, BWTpaTa NajgWBa, BTPAaTH 3€pHA, IPOIYCKHA
3IaTHICTb.

CHUXEHUE MIOTEPH CEMSH U PACXO/]
TOIVIMBA B YPOXAE PAIICA
JI. llnoxkac, C. B. Cmonunckuil, 1. 3ebpayckac,
A. Hunausus

AHHoTanus. Pamca cOop ypoxkas HadMHaeTCs B
[IpubanTtike, KaKk TONBKO BIAXKHOCTh CEMSH CHIDKAETCS
1o 12%. B To Bpems Kak M3MEHEHHE BIAXKHOCTH CEMSH
HE BIIHSICT Ha KpPaTKOBPEMCHHBIC 0cajKy,
MPOJOJKUTENbHBIE  Ocaiku mnpuBoauT k Ka. 2%
YBEIIUYCHUE COJCpKaHus Biard. Beicokas 0,2 M cTrepHU
03UMOr0 panca mpuxoaurcs Ha gomo 49.87% B obmieit
cTBOJIOBOM Maccel. Ee BmaxkuocTs coctaBisier 10.39%
BBIIIE, YeM OCTaJlbHas JIOJs CTBOJIOBOM MAcCCHI.
VYBenuueHue BBICOTHI cTepHU 10 0,3 M NOpPUBOAWUT K
ymenpmennto 15.52% B cTBOJE Macca momaeTcs B
KoMOaiiHe, u cHrkeHue 1.79% BIaXHOCTH CTEOJI MacChI.
B sToMm cirydae, pacxo TOIUIMBa Ha TeKTap HAMOJIOYCHO
parmca Oyznet HiDke Ha 2,74 11, a Ha TOHHY 0OMOJIOUEHHOTO
3epHa — Ha 0,27 5. CBsA3p MEXIy CKOpPOCTBIO parica
KOPMUTH B KOMOaliHe, pa3pylIuTh MOTEPU OT pasjiesieHuUs
U OYHCTKH COJIOMBI MSIKHHBI, U PACXO0J1 TOILUIMBA Ha TOHHY
obmonouenHoro Cemena Obul HaidaeH. [IpenenbHblii
pa3Mep ceMsiH parca KOPMHUTh B KOMOaiiHe TOCTUraeTcs,
KOT/Ia pacxXoj TOMJIMBA HA TOHHY OOMOJIOYEHHOTO CeMEeHa
MIPEeKpaTHII CHIDKEHUE, HO Pa3pyIIUTh MOTEPH U3 COIOMEI
pasIeneHus W OYHCTKU IDICBEN — 3TO €MIe B Ipeaenax
JOITyCTUMOTO JHama3oHa. B ciydae o3mMmoro parca
3aroToBKa Moj 00pabOTKy YCIIOBHS, pacxo]l TOILIMBA Ha
TOHHY OOMOJIOUEHHOTO CEMeHa BapbHPOBaNach OT 2,5 10
6,5 11, a B ciryyae pallMOHaJIBHBIX CTOMMOCTB CEMSIH parica
KOpMOBOW KoMOaiiH, pacxoa TOIUIMBA HAa TOHHY
00MOJIOYEHHOT0 ceMeHa aoexarth 2.93+0,23 .

KiamoueBble ciaoBa: 3epHOYOOpOYHBIH KOMOAIiH,
pamc, pacxon TOIUIMBAa, IIOTEPH 3€pHA, NPOITyCKHAs
CIocoOHOCTB.
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AHoTauis. Y cTaTTi MpoaHaiizoBaHO IIOTOYHHIN CTaH
BHPOOHHMIITBA PiIKKAX OI0TAIUB JPYTOT0o TOKOJIIHHS y CBITI
Ta OIIHEHO MOJJIMBICTH  3allOYaTKyBaHHS  TakKOTO
BUpOOHMLTBA B  YKpaiHi. AKTyaJbHICTH  poOOTH
0o0yMoOBJI€Ha TUM, IO PiAKi GionanuBa MOXYTb 3aMIiCTUTH
NEeBHY YacTKy MOTOPHMX IaJlMB, IO CIIOXKHBAIOThCS B
VYkpaiHi, CHOpUAOYM TaKUM  YHHOM  3MII[HEHHIO
C€HEPTreTUIHO1 He3aJIeXKHOCTI KpaiHu. MeTa noCiipKeHHS —
OI[IHUTH JKUTTE3NATHICTh TMPOCKTY 3 BHPOOHHUIITBA
OioeTaHOJIy APYroro MOKONiHHA B YKpaiHi, 3aBIaHHS —
BUKOHATH ToTepeiHe TEXHIKO-€KOHOMIuHe
OOIpyHTYBaHHSI Takoro HpPOEKTy. MeToIu JOCHiKeHHS
BKJIIOYAIOTh OIS ICHYIOUMX Y CBiTI yCTaHOBOK 3
BUPOOHHMIITBA PIiOKUX OIiOMaNMB JPYroro IOKOJIHHS,
OIIIHKY Ta aHANi3 OCHOBHHMX TEXHIYHHX Ta SKOHOMIYHUX
MOKa3HUKIB THIIOBOTO IMPOEKTY AAaHOTO BUAY ISl YMOB
Vkpaian. OtTpuMaHi pe3ynbTaTH IOKa3ylooTh, IO 3a
MOTOYHUX YMOB (y TOMY YHCII CIHiBBIJHOIIEHHS IIHU
OensuHy B YkpaiHi i €Bpomi) NpoeKT 3 BHPOOHUIITBA
JITHOIIEIOIO3HOTO O10€TAHOIIY € XHUTTE3AATHUM TiTbKU
IIPU TIPO/IAXKy BUPOOIJIEHOTO MPOAYKTY Ha PHHKY €Bpomnn
(TepMiH OKYIHOCTI B paMKax 5 pokiB). s MOMIMBOCTI
MpUOYTKOBOTO BHPOOHHIITBA 1 TPONAXY Oi0eTaHOIY
JIPYrOro MOKONIHHS Ha BHYTPIIIHBOMY PHHKY HEOOXiIHO
NpaIOBaTH B HANPSMKY 37CLICBICHHS KaliTalbHUX Ta
omepaiiiHuX BUTPAT MPOCKTY. YKpaiHa Ma€ BEIHKHI
MOTEHI[ian OioMacH, y TOMY YHCII JIICHOIICTIOIO3HOT
CHpPOBHHH, JIOCTYITHOT 7151 BUPOOHHUIITBA PiIKUX OioTaiuB
IPYroro  TOKOMHHA. JIIs  MOXJIHMBOCTI  yCIINIHOT
peamizamii TPOEKTIB y IIbOMY CEKTOpi HeoOXimHe
BJOCKOHAJICHHS 3aKOHOIaBYO1 0a3¥ i BHKOHAHHS HAyKOBO-

MPaKTUYHUX POOIT, CHIPSIMOBAaHMX HA 3/CHICBICHHS
BIAIIOBIIHUX TEXHOJIOTIMN.

KarouoBi cioBa: Oiomaca, OiomanuBa, pijKi
Oionanusa, GiomanuBa Jpyroro TIOKOJIIHHS,

JITHOLETIF0JIO3HA CUPOBUHH, KPUTEPIT CTAJIOCTI.

IMocraHoBKa nmpoodJeMu

AKXTyaJlbHICTB JOCITKEHHS o0yMoBJiIeHa
HEOOXITHICTIO PO3BUTKY BIJHOBIIIOBAHOI €HEPreTUKH B
VYkpaiHi JuIs SMEHIICHHS CTIOKUBAHHS TPAIULI HHUX MTAJINB
1 EeHeproHociiB, y TOMYy 4YHCII IMIOPTOBaHHX, Ta
CKOPOYEHHSI BUKH/IIB MApHUKOBUX Ta3iB. Pinki Giomanusa
€ BAOXIMBAM CETMEHTOM CEKTOpy OiOeHepreTHKH,

OCKIJIBKM MOJYTh 3aMICTHTH MEBHY YacTKy MOTOPHHUX
TTaJIUB, 1110 CIIO’KUBAIOTHCS B YKpaiHi. OcoOnuBHi iHTepec
ABJISIE BHPOOHHUITBO 1 BHUKOPUCTAHHS PIgKUX Oiomajius
JpYroro MOKOJIHHA 3 OIVIAAY Ha MOKJIMBICTP BUKOHAHHS
00OB’SI3KOBUX  KpHUTEpiiB CTaJIoCTi, BU3HAYEHUX
HupektuBoro  2009/28/EC  «IIpo  CTUMYJIIOBaHHS
BUKOPHCTAaHHS €HEpTii 3 BiIHOBIIOBAHUX JuKepem» [1].

AHaJi3 0CTaHHIX J0CTiAKeHb

B pobOorti [2] mpoaHaai3oBaHO MPOOJIEMHI MHUTaHHS
BUPOOHMITBA piIKKUX OiomanuB B YKpaiHi 3 aKIIEHTOM Ha
OiomanuBa TPETHOrO TOKOJIHHSA (3  BOIOPOCTEH).
ABTtopamu [3] pO3IJIAHYTO NEPCIEKTHUBH 30UIbIICHHS
o0csTiB BHpOOHMITBA OiomaniBa Ta MiABHIICHHS HOTO
KOHKYPEHTOCIPOMOYKHOCTI LIIIXOM (bopMyBaHHS
knacrepiB. B poborax [4-9] posrimsiHyTo 00OB’SI3KOBI
KpHUTEpil CTAIOCTI IS PiKUX Ta Ta30MOAI0HIX MOTOPHUX
Giomanus, Bu3HaueHux Jupexrusoro 2009/28/EC.

MeTta mocJrigkeHb

Mera [OCHIIKEHHS — OIIHWUTH >KUTTE3LATHICTH
MPOEKTY 3 BUPOOHHIITBA 0i0€TaHOIY JPYroro MOKOIiHHS B
VkpaiHi, 3aBHaHHA — BHKOHATH IONEPEIHE TEXHIKO-
C€KOHOMIYHE OOTPYHTYBaHHS TaKOTO MPOCKTY.

Marepianu i METOIH TOCIII>KESHHSI BKIFOUAIOTh OTJIST
ICHyIOUMX B CBITI YCTQHOBOK 3 BHPOOHHITBA PiIKHX
GiomanuB Ipyroro MOKOJIHHS, OL[IHKY Ta aHalli3 OCHOBHHUX
TEXHIYHHX Ta C€KOHOMIYHHX TOKa3HHKIB THIOBOTO
TPOEKTY AAHOTO BUIY JUJISl yMOB Y KpaiHU.

Pe3yabTaTH 10CaiTKeHb

Ha cphorojHi He iCHY€ €IMHOTO 3aralbHONPUITHATOrO
BU3HAYCHHSA TMOHATTA pPiAKHX  OlOMasMB  Ipyroro
MOKOJIHHS. 3a3BHuYaii BBa)KA€ThCS, IO I1i¢ Oi0IaauBa,
BUPOOJICHI 3 JIIFHOLENIOJI03HOI CUPOBUHHU. Y JIMpeKTuBi
2009/28/EC «IIpo cTUMyJIrOBaHHS BUKOPHCTAHHS €HEpTii
3 BIJIHOBJIIOBaHMX JDKEpEN» 3a3Ha4€HO BHM3HAUCHHS
TEPMiHY JITHOLEIIOIO3HA CUPOBUHA.
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Ta6auua 1. KijpkicTh JiF0YUX YCTAHOBOK 3 BUPOOHMIITBA PiKUX OiOMAIUB IPYroro moKoymiHHs [5].

. . Buy ycranoBok
Perion cBity - - — —— 3aranom
ITinoTH1 JlemoHcTpartiiini Kowmepiitai
Adpuka 5 0 3 8
A3ist Ta OkeaHist 6 5 4 15
€Bporna 7 7 5 19
IliBHIuHa AMepuKa 5 6 9 (3 mux 8 y CIIIA) 20
IliBneHHa AMepuka 1 1 3 5
3aranom 24 19 24 67
Tabauus 2. YcranoBku 3 BUpoOHHUITBA OioeTaHoy Apyroro nokominHsg B CHIA i bpaswii [5].
. . Pix mogatky [ToTyXHICTB,
Haszga, micuie po3minieHHs Bun cupouan Cratyc poGoTH MUTH. 1/piK
CIIA:
American Process, . .
Anmena (Minran) JIepeBHa TpicKa KOMepIIiitHa 2012 3,6
American Process, . .
Tomacron (Jxopxis) JIepeBHa TpicKa KOMepIIiitHa 2013 HEMa JaHuX
Calgren Renewable Fuels, - .
Tixesi (Kaxidopis) THIN KoMepliiiHa 2015 HEeMa JaHUX
DuPont, Heana (AiioBa) crebJia KyKypya3H KoMepuiiiHa 2015 114
Gulf Coast Energy, o .
Jlisinrcron (Anabama) JIEpEeBHI1 BIAXOIU MUIOTHA 2009 76
Indian River Bioenergy . o .,
Center, Bipo-Biu (®opia) TBEpZi NOOYTOBI BIIXOIM | KOMeplliiiHa 2013 30
I(_I?;Zoi)—l;ifii{? Conepron JIepeBHi Biixoan HiJIOTHA 2014 0,34
PaCIfIC Ethgnol, CroKTOH BiJIXOJI 3C€PHOBOT KOMepIiHiHa 2015 2.8
(KamidopHis) KYKYpYI3U
Project Liberty (VPOET), BiZIXOIM 3€pHOBOT KoMepriiina 2014 76
EmmMmercoepr (AtioBa) KYKYpYI3U
Quad-COlintry, BiZIXOIM 3€pHOBOT KoMepriiina 2014 76
I"anBa (AiioBa) KYKYpYI3U
. JlepeBHa Tpicka, CMIiTHI OMOHCTDA-
Renmatix, Pom (Hero-Hopk) TpaBH, BIAXOIA 3€pPHOBOL A iﬁHap 2008 HEMa JTaHUX
KYKYPY/I3H4, )KOM !
Bigxonu xap4oBoi
Summit Natural Energy, MPOMHCIIOBOCTI Ta .
Kopneniyc (Operon) CUIBCBKOTO fioTHa 2009 HeMa farmx
rocCro/iapcTBa
Tyton Biofuels (Padopz, BiZIXO/IM TIOTIOHOBOT'O HinoTHa 2010 57
I[Tiniyna Kapoina) BUPOOHHIITBA
ZeaChem, Bopaman (Operon) JiepeBUHA Lleh;(i);:;;pa- 2013 0,95
Bpasuis:
if::(e));cl (GrandBio), JKOM, coIoMa KoMepuiiiHa 2014
Dedini, Cau-ITayny KOM HeM(.)EICTpa- 2002 HEMa JaHUX
1iliHa
logen, Can-ITaymy KOM KOMepITiitHa 2015
Raizen, Can-Ilayny HKOM KOMepIIiiiHa 2015

JlirHo1ENMFOJTIO3HA ~ CHPOBHUHA

— pedoBHHA, WIO

OCHOBHOIO TIEpPEBArol0 PiAKUX OiOMaINB IPYroro

CKJIAJIa€ThCSA 3 JITHIHY, HENIONO3H Ta TeMIIeTI0N03H, 1 10
HEl BIIHOCUTHCS, Cepel IHIIoTo, JicoBa Oiomaca, BiIxou
JIepeBOOOPOOHOT TIPOMHMCIIOBOCTI, JIepeBOIIOAI0HI
eHepretuHi Kyaptypu [1]. Jlo  JTHOLEIONO3HOI
CHUPOBHUHH BITHOCATHCS TAKOXK MOOIYHI IPOTYKTH, BiIXO M
Ta 3aJMIIKKA CLIBCHKOTO TOCIoAapcTBa (cojoma, crebia
KYKYPY/I31 1 COHSILIHKMKA Ta iH.).

MOKOJIHHA y TIOPiBHSAHHI
MOKOJTiHHA ~ (TOOTO

3 OlomaiMBaMHu TIEPIIOTO
«TpamuIifHIMK) Oi0eTaHOJIOM i
Olomm3enmeM 3  IYKpO-/KpoXMaye- Ta  OJI€BMIiCHOL
CHUPOBHHH, BIAMOBIIHO) BBaXAa€ThCSI T, MO BOHH
OTPUMYIOTbCS. 3 CHPOBHHHU, SKa HE KOHKypye i3
BUPOOHMIITBOM XapyOBHX IPOAYKTIB. Y JlupekTusi
2009/28/EC HaBiTh HaBEJCHO OKpEME BWU3HAYCHHS LIS
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HEXap4yOoBOI LENFOJIO3HOT CHPOBUHH 1 y SIKOCTI MPHUKIIAMIB,
cepex  IHIIOTO, 3a3HAYCHO  COJIOMY, JIYLINHHHSA,
TpaB’SHUCTI €HEPreTUYHI KYJIBTYPH 3 HU3BKAM BMICTOM
KpOXMalTio (MiCKaHTYC, IPOCO MPYTONOAiOHE Ta iH.).
MacmtabHe BHPOOHHUITBO PiIKUX O10MaINuB APYToro
MTOKOJIHHS Ha KOMEPILifHOMY PiBHI PO3IIOYANOCs y CBIiTi y
2014-2015 poxax. HaiiakTuBHiNIC iHBECTYIOTh y IICH
cexrop CILA, kpainn €C, bpazunis. Ha coroani 3araiom
HayuyeTbcss 67 YCTaHOBOK 3 BHUPOOHMITBA TakKOro
Oilonanusa, 3 HUX 24 KoMepuUiitHuX, 19 1eMOoHCTpaliiHKX i
24 minotHux (tabnuis 1). BUTbIIICTh YCTAHOBOK, Y TOMY
4yuCIi KOMepuiiHuX, po3ramosani B CIIA (tabmuus 2).
V xostHi 2015 p. y M. HeBana (mrrat AfioBa) posmodyaB
po0OTY HAMMIOTYXHIITHNI y cBiTi 3aBo1 KommaHii DuPont 3
BHPOOHHMIITBA 0i0eTaHONY 2-TO TIOKOJIHHS i3 BiIXOJiB
3€pHOBOI KyKypy/I3u. BcTaHOBIIEHA MOTY>KHICTB 3aBOY O
KIHIIEBOMY IPOXYKTy ckiamae Oimpme 110 muH. J1/pik.
3aranowm, 3a naaumu 2015 p., B CIHA Oyiio BUKOpUCTaHO

144 wmyH. T Olomach (TOJOBHMM YHHOM, BIIXOMIB
BUPOOHUILITBA KYKYpYA3H Ha 3€pHO) Uil OTPUMAaHHS
piakux Giomanus, 00’eM SIKMX MOKPUB 5% pivHOI moTpedn
KpaiH{ B MOTOPHHX NajuBax [5].

IcHye Tpu OCHOBHI TeXHOJOTII BHPOOHHIITBA
«UENIONO3HUX»  OlomanuB  —  XiMi4HA  KOHBEpCif,
OioximiuHa Ta TepmoxiMmiuHa (puc. 1). bBioximiuHa

KOHBepcisi 6iomacu y 6i0eTaHoJ 2-T0 MOKOJMiHHS BKIIOYAE
TPH €Talu: MOTEPEIHs MiArOTOBKA CHPOBUHH, TiAPOJII3 Ta
(depmenTamis. IlormepenHss MiArOTOBKAa CIpsMOBaHAa Ha
pyliHyBaHHS OOOJIOHKM KJIITHHH pociauHd. Ha erami
rizponizy (y TpHCYTHOCTI KHCJIOTH ab0 EeH3UMIB)
LIEJTF0JI03a PO3MATAETHCS HA MEHII CKJIATHI ITOJTiCaXapHIu.
B npoueci epmenTanii BinOyBaeThCst KOHBEPCIS IYKPIB Y
eranon. Jlng oTpuMaHHs Oioam3enss 2-TO IMOKOJIHHS
JITHOLIENIOJIO3HA CHPOBHMHA MiJIAE€THCS TEPMOXIMIUHIN
KoHBepcii (ImipoJri3, ra3udikaris).

BuxinHa cupoBuHa
I OlomanuBa

Bun
Oiomacu

OumiiiHi KyneTypH (pinax,
COHSIIIHUK, COs, 1H.)

Kupu Ta omii

KpoxmaneBmicHi
KyJIbTYpH
(KyKypyna3a, IIIeHHII,
STIMiHb, KaPTOTUISL, 1H.)

L{ykpoBMiCHI KyJIbTypH

(uyxpoBuii OypsK,
IYKPOBE COPro, iH.)

L)

IlepBuHHi c.T. Bigxoau
(conoma, ctebia, iH.)

JepesHi Binxoan Ta
TpaBa

Bl Bt Sl

Binxoau nepepoOku
(JIYIITTHHS, KOM,
BHUKOPHCTaHA OJIisl, 1H.)

Iemroo3a,
TreMILIETI0NI03a Ta
JIITHIH

—>

Eneprernuni KyapTypH
(BepOa, TOMOIISA, IPOCO
MIPYTOBUAHE, MiCKaHTYC,
iH.)

Ipumimka:
- - —p NO3HAYEHO CcXemy nepepoOKU Gi0X00i6
nepepobxu onitl ma owcupie y 6ioduzenv ma
2I0pOo2eHe306aHy POCIUHHY OO0 2-20 NOKOJIIHHS

TexHoJoris Kinnesunit
KOHBepcii TPOJIYKT
- Uucra pociavHHa
pecyBaH}.m, outist
CKCTpaKIIis S
.z
wr Bioauzens S
Ximiuna . ’ g
TiIpOreHe30- S
Hepeerepudi- BaHa POCIMHHA o
Karis oist 3
S
(o)
. . ] S
I'inporenesanis §
! Bioeranoun, 9
! . )
S TAHOJ Ta iH.
Bioximiuna Gyranon Ta
COupTH
Crnuprose
OponiHHS
T'ppomis ta Bioauzens,
CIIUPTOBE | rinporeHeso-
OponiHHA BaHa OJis
x
s
Amnaepo0Ona 3
o pODIE Bioeranonn, §
CpMEHTALis ;
S
OyTaHOJI Ta iH. Q
CIHPTH 9
N
Tepmoximiuna )
Mivoni S
1poJ3 Biomeran §
Q
.. q
Tazudikamis
CuHTETHYHI
Karamiz 1o pizkoro BYI'JIEBOJIHI 3
OiomaanBa OioMacu

Puc. 1. TexHonorii BupoOHHUITBA pinkuX Oionanus 1-ro Ta 2-T0 NOKOJIHHS.
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BupoOHHUIITBO piKKX Oi0TIAIMB APYTOTO MOKOJIIHHS €
BOXJIMBAM 3 TOYKH 30py MOXJIMBOCTI BHKOHAHHS
000B’SI3KOBUX  KpUTEPIiB CTaJIOCTI, BU3HAYEHUX
HupextuBoro 2009/28/EC [1]. OmauM 3 KpuTepiiB €
CKOpPOYEHHSI BUKHU/IiB ITAPHUKOBUX T'a3iB Bi/l BAKOPUCTAHHS
OiomanuB Ta OiopimuH. Lle ckopoueHHs Mae OyTu He
mernaie 50% 3 01.01.2018 nns Gionmamue Ta OiopinuH,
BUPOOJICHUX Ha YCTAHOBKAX, SIKi BXKe OyJIM B €KCILTyaTawil
1m0 05.10.2015 Bxarouno. Jlisi yCTaHOBOK, sIKi pO3MOYaId
pobory micms  05.10.2015, wmiHIManbHE CKOPOYCHHS
BUKHJIIB MAPHUKOBHUX rasiB Mae cranoutu 60%. Hapasi
3a3HaYCHUM BHMOTaM Yy OUIBIIOCTI BHUIAOKIB MOXXYTbH
BiAmoBimaTu e OlomajinBa 2-TO IOKOJNIHHA. Tak,
Hanpukian, y Jupextusi 2009/28/EC Bka3aHo, 1110 THITOBE
CKOPOYCHHSI BUKH/IIB TAPHUKOBUX Ta3iB Bl BAKOPUCTAHHS
OlomamuB  cximagae (B Oy)XKax  3HAYCHHA  3a
3aMOBYYBAHHSIM): JIJISl €TAHOIY 3 COJIOMH mIieHuI — 87%
(85%), st eranony 3 aepeBHux BigxomaiB — 80% (74%),
JUTS TU3EII0, OTPUMAaHOMY 3 IEPEBHUX BiIXOiB/ITiCOBOT
nepeBuHH 3a TexHonoriero Dimepa-Tpomma — 95%
(95%)/93% (93%). AHasnoriuHi MOKa3HUKK s O10MaIuB
1-ro MOKOMIHHA € TAKUMHU: €TaHOJ 3 I[yKPOBUX OYpSKiB —
61% (52%), eranon 3 muenuti — 32% (16%), Giomu3sens 3
pimaky — 45% (38%), Giommzens 3 consmHuka — 58%
(51%).

B Vkpaimi  BUPOOHMITBO  «TpaaULi{HOTO»
OioeraHoiry i Oiogu3ento cBOro 4vacy Tak i He HaOyio
JIOCTaTHBO  BEJIMKOro  Macmraby. 3a  JaHUMH
Jlep>xeHeproepeKTHBHOCTI, i ATOTOBICHUMH TUTS
3BiTyBaHHa EHepretnunomy CriBroBapuctBy, y 2017 p. B
VYkpaini 6yno BupobaeHo Bcboro 3,8 Trc. T 6ioeTaHomny (y
2016 p. — 8,6 Tuc. T), a BUpoOHHUITBO Oioamzeno v 2016-
2017 pp. B3araimi Oyno BincytHe. Ilpm mipoMy HaBiTh 3a
KOHCEPBATHBHUMH OI[IHKAMH, ITOTEHIlia]l BHPOOHHUIITBA
pinkux OiomanuB B YKpaiHi CTAaHOBHTH OJIM3BKO 1 MIIH.
T/pik G6ioeraHouy i 180 tuc. 1/pik 6ioguzento [6].

Piune cnokuBaHHS OCH3WHY MOTOPHOTO B YKpaiHi
ckiagae Omm3pko 2,2 MiH. T (Y T.4. Y CIICHKOMY Ta
JicoBOMY rocmonapcTsi — 145 THc. T), qU3eIFHOTO TaTBa
- 5 mua. T (1,4 man. 1) [7]. YacTkoBe 3aMilleHHs
TPaJUIIHHAX MOTOPHHUX TMaJHB OlONaIMBAMHU CIPHUATHME
3MEHILIECHHIO 3aJIC)KHOCTI KpaiHW BiJl BUKONHUX MaJHB i
MOKpAaIIeHHI0 eKoJloriyHoi cutyauii. Ha minTpumky
PO3BHUTKY JIaHOTO HANPSMKY PO3POOJICHO MPOEKT 3aKOHY
«I[Ipo BHeceHHs 3MiH [0 JESIKMX 3aKOHOJIABUMX aKTIiB
VYkpainu o0 po3BUTKY cdepu BHPOOHHUIITBA PiIKOro
nanuBa 3 O0ioMacu Ta BIPOBaKEHHS KPUTEPIIB CTANOCTI
piakoro manuBa 3 6iomacu Ta 6iorasy, IpU3HAYEHOTO IS
BUKOPUCTaHHS B Taiy3i TpaHcrmopTy» (Ne 7348 Bin
9.11.2017).

Bunaerncs, mo B YKpaiHi € CEHC aKTUBHO PO3BHUBATH
BUPOOHUIITBO 1 CHIOXKWBAHHS PiIKUX OiOMaJMB BXKE 2-TO
MOKOTiHHSA. 3 OTHOTO OOKY, Ie TIOTpedye BETUKUX 3yCHIIb
1 KaIliTaJIOBKJIAJeHb, aJie 3 IHIIOro OOKy — Iie 3armopyka
BUKOHAHHS OO0OB’SI3KOBMX KpHUTEpiiB cramocti uis
OlomanuB 1 iHBECTYBaHHs y MaiiOyTHE KpaiHH.

[ligroroBka i peanmizaiis KOHKPETHOTO MPOCKTY 3
BUPOOHHUIITBA PINKUX OloMaJuB MOTPEOye pPETEIHLHOTO
BUKOHAHHSA  TEXHIKO-€KOHOMIYHOTO  OOTpYHTYBaHHA
(TEO). Benukwii BITMB Ha OKYIHICTB MTPOSKTY YHUHSTH PSJT
(hakTOpiB, Y TOMY YHCI BapTiCTh CHPOBHHH 1 MOKJIHBA
I[iHa [pojaxy TOTOoBOI  mpoxaykuii. Pesymbratn
norepenaporo TEO BHpOOHHWIITBA €TaHOTY 3 COJIOMH,
BUKOHAHE JUII YMOB YKpaiHH, IPEICTaBICH] B Ta0muUII 3.
OTpuMaHi pe3yNbTaTh MOKa3yooTh, IO 32 IOTOYHUX YMOB
(y ToMy umchi CcriiBBiIHOLICHHS LiHK OCH3MHY B YKpaiHi i
€BpoI1i) NPOEKT € XKUTTE3NATHUM TIIBKUA HPHU MPOAAKY
BUpOOJICHOTO OioeTaHoNly Ha pPHUHKY €Bpomnu (TepMiH
OKYIHOCTI B pamkax 5 pokiB). /[las MOXJIHBOCTI
npuOyTKOBOrO BHUPOOHMITBA 1 MPOAaxy OioeTaHosly Ha
BHYTPIIIHFOMY PUHKY HEOOXiHO IPaNIOBAaTH B HAIPSIMKY
3[CHICBICHHS KaIliTAIbHUX Ta OIEpallifHuX BUTPAT
TIPOCKTY.

Tadanus 3. [Nonepenne TEO BupoOHuITBa GioeTaHoTy 2-TO MOKOJIIHHS B YKpaiHi.

TToxa3Hukn

Benmmunna

TToTy>XHICTh IO KiHIIEBOMY MPOIYKTY

55 000 1/pix

CnoXMBaHHS CHPOBHUHH (cojoma)™

315 000 t/pik (Bosora maca)

BapricTb cupoBuHH (cosioma)

18 eBpo/T

KamitansHi BuTpaTn™

109 mutH. €BpO

Excrutyaraniiiai BuTpatu™

32 MiH. €Bpo/pik

Kpenuthi Koty (YacTka KariTaabHUX BUTPAT)

60%

CTtaBKa 1o KpeJIuTy

8%

BapianT [** BapianT IT***

(cTaBka AuCKOHTY 7%)

Lina nponaxy GioeTaHosy 0,61 eBpo/n 0,96 eBpo/n
Joxin Bix npomaxy GioeTaHory 42 mnH. eBpo/pik 67 mutH. €Bpo/pik
IIpocTwHii TEpMiH OKYITHOCTI > 10 pokis 4,2 pokiB
JIMCKOHTOBAHMU#T TEPMiH OKYITHOCTI > 10 pokis 5.1 pokis

Uncra npuseaeHa sapricts (NPV)

--- 179 MutH. €BpO

Bryrpinmas sHopma goxigaocti (IRR)

--- 25%

* 3a nannMu komnasii Biochemtex ta Beta Renewables.

oJlak 010€TaHOJY Ha PUHKY YKpalHU 10 I[iH1 10 BIAMOBIZAE CepeaHiil iHl Ha OeH3MH B YKpaiHi y cepIHi .
**1Ilp 6 Yy Ha PUHKY YKp p 6 Ykpaini y ceprni 2018 p
*** [Ipomax 6ioeTaHOTy Ha pUHKY €BpOIIH TIO ITiHi, III0 BiIIOBiTa€e cepeHiii iHi Ha OeH3wH B €Bpori y ceprHi 2018 p.
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BucHoBku

1. BUpoOGHHIITBO Ta BUKOPUCTAHHS PIAKUX OiomaiuB
JIPYTOTO TIOKOJIIHHS € BaXJHMBHM 1 IIEPCIIEKTHBHUM
cerMeHTOM OioeHepreTnkn YKpaiHn. PO3BHTOK 1BOTO
HampsiIMKy ~ CHpPUSTHME  JOCATHEHHIO  Iiieid 3
BiZTHOBIIIOBaHUX JoKepet eHeprii, BH3HAUYCHHUX
HauioHansHUM IUIaHOM J1iH 3 BiJIHOBJIFOBaHOI €HEPTETHKU
110 2020 poxky.

2. YkpaiHa Ma€ BEJHMKHIA MOTEHI[ia)l 0i0MacH, y TOMY
YHUCI JITHOIETIOJIO3HOT CHUPOBHHHM, JOCTYIHOT —JUIs
BHPOOHHUIITBA PIAKMX Oi0MATUB APYroro MOKOMiHHA. J{is
MOJJIMBOCTI YCHIITHOi peajizamii MPOCKTIB B IHOMY
CEKTOpi HEOoOXiTHE BIOCKOHAIICHHS 3aKOHOIABYOi 0asd i
BUKOHAHHS HAYKOBO-NPAKTHYHUX POOIT, CIPIMOBAHHUX Ha
3IELIEBIICHHS BIAIOBIIHNX TEXHOJIOTIM.
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MNEPCIHEKTHUBBI ITPOU3BOACTA 1
IIOTPEBJIEHI A BMOTOITJIMB BTOPOI'O
ITOKOJIEHM S B YKPAMHE
T. A. XKenesnas, C. B. /[pacnes, A. U. Bawmosotl,

H. JI. Pocosckuii

AHHOTanudA. B craThe npoaHaM3upPOBAHO TEKYILIEE
COCTOSIHUE TPOM3BOJCTBA JKUAKHX OHOTOIUIUB BTOPOTO
MOKOJICHAST B MHpPE M OIICHEHAa BO3MOXXHOCTH Hadvaja
TAKOT0 TPOU3BOJICTBA B YKpanHe. AKTYaIbHOCTh PaOOTHI
0o0yCJIOBICHA TEM, YTO JKUJAKHE OHOTOIUIMBA MOTYT
3aMECTHTh OIPEICICHHYIO MO0 MOTOPHBIX TOILIHB,
moTpeOIsIeMbIX B YKpauHe, CIOCOOCTBYSI TAKMM 00pa3oM
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YKPEIJICHUIO HHEPTreTHUECKOW HE3aBUCHMOCTH CTpaHEI.
Lems wuccnenoBaHWS — OICHUTH JKU3HECIIOCOOHOCTH
MpoeKTa 10 TPOW3BOJACTBY OHMOAITaHONIA  BTOPOTO
MOKOJIGHWsT B  YKpaWHe, 3afgadya —  BBIIIOJHHUTH
MIpeIBapUTEFHOE TEXHIKO-?KOHOMUYIECKOe 000CHOBAHHE
TaKOTO IMpoeKTa. MeTobI McCIleTOBaHUS BKIIIOYAIOT 0030p
CYIICCTBYIOIIUX B MHpPE YCTAHOBOK IO IMPOU3BOJCTBY
KHUJIKUX OMOTOILTUB BTOPOTO MOKOJICHUS, OLICHKY M aHAJIH3
OCHOBHBIX TEXHMYECKHX M DKOHOMMYECKUX IOKa3aTeJiei
TUNUYHOIO TMPOEKTa [JAHHOIO0 BHAA Uil YCJIOBUU
praI/IHI)I. HOJIy‘-leHH])le PE3YJIbTAaThl MMOKA3bIBAIOT, YTO B
TEKYIIHUX YCIIOBUAX (B TOM YHCJIC COOTHOIICHUU IICHBI
O0eHzuHa B YKpauHe U EBporie) mpoekT 1mo mpou3BOJACTBY
JIUTHOLICJUTIONIO3HOTO O6mosTaHOIa SABIISICTCS
KHI3HECTIOCOOHBIM TOJIBKO TP MPOJIaXKe MMPOU3BEICHHOTO
MIPOAYKTa Ha peIHKE EBPOITBI (CPOK OKYITaeMOCTH B paMKax
5 net). st BO3MOXHOCTH MPHUOBIIHLHOTO TPOU3BOJICTBA H
MIPOAaXKH OMOITaHOIa BTOPOTO OKOJICHHS Ha BHYTPEHHEM
peIHKE  HeoOxomumo  paboTaTh B HaIpaBICHUHU
YACHICBJIICHUA KallUTAJbHBIX MW OICPAMOHHBIX 3aTpar
MpOeKTa. YKpanHa uMeeT OOJBIION MOTeHIIUaT OMOMACCHI,
B TOM YHCJI€ JIMTHOIICIUTIOJIO3HOTO CHIPbhSI, TOCTYITHOTO IS
IMPOU3BOACTBA KUIAKHUX 61/IOTOHJTI/IB BTOPOT'O IOKOJICHHA.
Jyis BO3MOKHOCTH YCIEITHOW peaNn3alliél MPOCKTOB B
9TOM  CEKTOpe  HEOOXOAMMO  COBEPIICHCTBOBAHUC
3aKOHOJATEIbHON 0a3bl W  BBINOJNHCHHE HAYYHO-
MPAKTUICCKUX pPadOT, HAMPABICHHBIX Ha YICUICBICHHE
COOTBETCTBYIOIIUX TEXHOJIOTHIA.

KaroueBbie ciioBa: 6romacca, OMOTOILTHBA, KHUIKAC
OMOTOIINBA, OMOTOIIINBA BTOpPOTO ITOKOJICHHS,
JIUTHOLIGJUTIONO3HOE CHIPhE, KPUTEPUN YCTOHIUBOCTH.

PROSPECTS FOR THE PRODUCTION AND
CONSUMPTION OF SECOND GENERATION
BIOFUELS UKRAINE
Zheliezna T. A., Drahniev S. V., Bashtovyi A. 1.,
Rogovskii I. L.

Abstract. The article analyzes the current state of
production of second generation biofuels in the world and
evaluates the possibility of launching such production in
Ukraine. The work is topical due to the fact that liquid
biofuels can replace a certain share of motor fuels
consumed in Ukraine, thus contributing to the
strengthening of the country's energy independence. The
purpose of the study is to assess feasibility of a project on
the production of second generation bioethanol in Ukraine;
the task is to carry out a preliminary feasibility study for
such a project. The research methods include a review of
the existing plants that produce second generation biofuels
in the world, assessment and analysis of the main technical
and economic indicators of a typical project of this type for
the conditions of Ukraine. The obtained results show that
under the current conditions (including the petrol price
ratio in Ukraine and Europe), the project for the production
of lingo-cellulosic bioethanol is feasible only with the sale
of the product in the European market (the payback period
is within 5 years). For the possibility of profitable
production and sale of second generation bioethanol in the
domestic market, it is necessary to work towards lowering
the capital and operational costs of the project. Ukraine has
a big potential of biomass, including lingo-cellulosic
feedstock available for the production of second generation

biofuels. For the successful implementation of projects in
this sector, it is necessary to improve legal basis and
conduct scientific and practical work to bring down cost of
corresponding technologies.

Key words: biomass, biofuels, second-generation
biofuels, lingo-cellulosic feedstock, sustainability criteria.
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Abstract. There are given results of sensory analysis
of flavor and some other properties of milled masses of
freshwater fish enriched by the non-traditional raw
material (seed of chia seeds). The conclusion on positive
effect on properties of proposed compositions over those
ones of the standard sample of force-fish was made on
comparing of base profiles of their basic properties.

The cutlets made of mass modified by vegetative
ingredient had the plastic and dense consistency on their
cut. The positive results of their organoleptic analysis
evidenced expediency of adding of proposed vegetative
ingredient to milled mass of fish. The criteria proved such
conclusion were general expression of taste, aroma and
harmonicity of flavor of cutlets made of mixes of
developed composition.

It was shown experimentally that adding of
vegetative raw materials in the mix permits to increase its
nutritional value. Absence of negative effects followed
after adding of seeds of chia seeds into the minced fish
mass permits us to recommend it for consumption as the
product of dietetic destination.

Key words. Fish cutlets, vegetative raw materials,
chia seeds, semi-finished products, organoleptic testing,
sensory characteristics, flavor, taste, profilogram.

Introduction

Physicians fixed last time the tendency of rising of
incidences of celiac diseases worldwide. The Global
Gastroenterological Organization published the data on its
displaying in average at one of three hundred men. To
attain the valuable physical strength, ill pacients are
forced to cease consumption of foodstuffs that contain
gluten: rice, buckwheat, millet, corn and such products
unusual for Ukrainians as amaranth, quinoa, sago, green
foxtail and sorghum.

Formulation of problem

For help them to solve the problem of limiting
variety of products in ration, Ukrainian scientists and
technologists developed the number of gluten-free foods.
However their set include only small quantity of products,
e.g. free of albumens bread produced by standard of

DSTU-P 4588:2006, free of gluten bread produced by
technical specifications of TU 8-22-61-88, corn, rice and
buckwheat macaroni (TU 9149-001-17629737 and TU
9148-011-17629737), albumen-free macaroni (TU) 9149-
006-17629737), corn-, rice-, buckwheat- and albumen—
free mixes for use in baking (TU 9195-002-17629737 and
TU 9195-013-17629737), as well as cookies of "Sugary",
"Floral mix", "Harmony" and "Salty" (TU 9131-007-
17629737) ones [1].

Analysis of recent research results

To increase the number of products for feeding the
patients ill by celiacy, the firms of "DR.SCHAR" (ltaly),
«BEZGLUTEN» (Poland), «3PAULY» (Germany),
produced in Ukraine foodstuffs specially certified for
these purposes. However they found here the limited
demand because of their expensiveness.

Looking at lipid content of chia seeds have presence
of palmitic acid (7%), stearic acid (3.23%) linolenic acid
(60.68%) and polyunsaturated fats (PUFA) (81.15%), a
lower value for linoleic acid (20.47%) and a higher value
for oleic acid (7.48%). The incorporation of ingredients
with high PUFA content into the diet provides numerous
health benefits. The chia seed can be considered a
functional food because it is a source of w-3 fatty acids,
with at least 0.1 g of ®-3 in 100 g of product, and has high
levels of total dietary fiber, up to 3 g in 100 g of product
and protein [2].

Meantime, one of the most actively developing
branches of public economy in Ukraine is the industry by
producing of semi-finished meat and fish products. The
most known products of such category are cutlets,
schnitzels, chops, stakes, zrazy, meat and fish balls,
klessy, koftas. The stimulus of such progress is fast
increasing the number of public enterprises of "diet
nutrition”, demand of foods for alimentation the students
and schoolchildren, and public interest to products that
permit to decrease duration of producing of foods
household. At the same time, one of critical problems in
progress of such industry is rising of quality and nutritive
value of produced foods. Therefore, the goal we set in our
work was optimization the composition of cutlets made of
milled meat of freshwater fish by way of its mixing with
vegetative raw materials.
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Purpose of research

The objects of research were organoleptic and
physicochemical properties of mixes made of ground
meat of European carp (Cyprinus carpio) with milled seed
of chia seeds.

Results of research

There were tested four samples of mixes differing by
content of their basic components. The mix #1 contained
2 % of milled seeds of chia seeds, the mix #2 — 5 %, and
mix #3 — 8 % of this ingredient. The object of control was
the ground meat of carp without additives. The process of
producing of cutlets of said mixes included operations as
follows: taking of raw materials, their sorting, taking of
calculated quantities of ingredients, their milling,
preparing of forcemeat, forming and breading of cutlets,
and their frying (boiling with steam in another variant).
The detailed formulations of the control sample of cutlet
and compositions based on use of fish modified by
vegetative ingredient are listed in Table 1.

To find the optimal formulation of thermally treated
mix of fish and chia seeds, there was carried out the
sensory evaluation of their properties by norms of
international standard of 1SO 6564:2005 "Sensory
analysis — Methodology — Flavuor profile methods"
harmonized in Ukraine as DSTU 6564:2005 [3].

The properties of listed compositions by 10
meaningful criteria of quality arranged by order of their

significance evaluated the expert commission of 8
persons. To find the worth of each product, there was
used the scale constituted of 5 values intensity in each
property as follows: the mark of O points meant that
display of the sense was absent; 1 point meant its scarce
intensity; 2 points meant the weak grade of intensity; 3
points meant the average intensity; 4 points meant that the
product was character by intense display of the tested
property, and the mark of 5 points showed that the
product had the highly intense display of tested
characteristic [4, 5].

The most significant index of quality taken into
account in expert evaluation was the general impression
on adequacy the characteristics of intensity and flavor of
the product.

The six ones permitted to identify the grade of
manifestation its taste and aroma, and the last three
parameters helped to characterize consistency of the
product in its touching with receptors of oral cavity. The
principal purpose of testing was evaluation of grade of
conformity of evaluated parameters of fish products to
desirable level of their quality, as well as attesting of
grade of displaying of characters of harmonicity of after-
tastes of their salinity, and sweetness. The criteria chosen
for evaluation of mixes in development were as follows
(Table 2).

The nature of taste the products in development was
identical with the same parameter of the control sample
and results of degustation did not show any negative
constituents in parameters of aroma and presence of
foreign and sharp odors.

Table 1. Formulations of mixes used in producing of cutlet made of fish meat.

Ingredient Mass of the ingredient, g
Control Sample 1 Sample 2 Sample 3
Milled meat of carp 77 75 72 69
Chia seeds - 2 5 8
Salt 1 1 1 1
Hen’s eggs 5 5 5 5
Bread 3 3 3 3
Milk 5 5 5 5
Eqggs used for liaison 6 6 6 6
Bread-crumb 3 3 3 3

Table 2. Results of evaluation of sensory characteristics of fish cutlets in use of parameters of their flavor.

Characteristic Intensity of the characteristic in points
standard | control | with chia seeds

Aroma and taste
harmonicity 5,0 4,0+0,10 5,0+0,20
peculiarity to the product 4,5 3,0+0,01 4,0+0,02
fishy 4,5 4,540,10 4,540,10
expressed barely 3,5 1,0+0,02 3,5+0,01
sweetness 3,0 3,0+0,01 3,0+0,01
saltiness 3,0 3,0+0,01 2,5+0,10

Consistency

juiciness 3,0 3,0+0,10 1,5+0,10
plasticity 3,5 3,0+0,10 3,5+0,10
compactness 1,0 2,0£0,02 3,0£0,02
General impression 5,0 4,8+0,10 5,0+0,10
Total score 36,0 31,3+1,00 35,5+0,40
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The experimental samples obtained the uppermost
marks by characteristic of aroma and surpass by
parameter of "expressed weakly" the control one, which
intensity was less strong and character by presence of
fishy after-taste.

The results obtained in degustation the cutlets of
modified composition compared with the same properties
of products free of vegetative ingredient were subjected to
mathematical treatment to calculate the numeral values of
indices of tested parameters. Such method permits to
visualize and obtain the objective characteristic the grade
of intensity flavor of tested products.

The detailed diagrams of flavor of fish cutlets are
shown on Figures 1 and 2 below. It’s seen from diagram
shown on Figure 1, that the control sample of fish cutlets
had the plastic and dense consistency throughout all its
mass, was of light grey color and its smell was fortified
by salty and sweetish flavors. At the same time
characteristics of the control sample were some different
of standardized ones, what witnesses that its formulation
has to be subjected to some correction to obtain properties
of the product maximally close to the standard.

srstandard
fjcontrol

Fig. 1. The profile diagram the flavor of fish cutlets
(the standard and control samples).

Unlike the control sample, properties of cutlets
modified by seed of chia seeds possess by sufficient
plasticity, are dense on their cut and character by sizeable
indices of impression and harmonicity of fishy taste
fortified in addition by salty and sweetish flavors identical
with those ones of the standard sample.

Tasters who took part in evaluation of intensities and
adequacy of properties of fish cutlets modified by
vegetative ingredient came to the conclusion that the

product the most close by its characteristics to the
standard one (the summary mark of 36.0), is the sample
modified by the vegetative ingredient (the summary mark
of 35.5), see Figure 2.

harmonicity

sweetness

Fig. 2. The profile diagram of flavor of fish cutlets
modified by seeds of chia seeds.

The results obtained in determining of values of
output of finished products and losses of mass in their
preparation at various modes of thermal are given in
Table 3.

All samples listed in this Table had harmonic fish
aroma and their taste produced the positive impression on
tasters.

The results obtained in analysis of their chemical
composition showed that content of albumens in products
modified by introduction of vegetative ingredient
(samples ## 1-3) varied within limits of 16.2+20.5%.

The only difference and advantage over the
composition of control sample is bigger content of
albumens, what is the consequence of lesser quantity of
this class compounds in fish meat as compared with seeds
of chia seeds (Table 4).

Lipids — the one more class of substances crucially
necessary for assuring of normal vital activities — are
contained in the standard sample in quantity of 4.15 %.
Meantime, values of the same parameter vary in the range
of 11.63+15.52 % in the samples ## 1-3 we developed,
what permitted to improve their nutritional value, and
tasty and juicy characteristics. At the same time results of
analysis show that the products ## 1-3 contain 2.58-3.2 %
of mineral substances, whereas the control sample
contained 2.37 % of such compounds only.

Table 3. Total output of fish cutlets and losses in their preparation.

Treatment by steam Roasting
Sample # Initial Mass after Losses, Initial Mass after Losses of
mass, g treatment, g % mass, g treatment, g mass, %
Control 50 32 36 51 29 43
1 51 30 42 52 28 46
2 47 42 11 45 33 27
3 49 34 31 47 32 32

Table 4. Content of some components in formulations of fish cutlets, % (n=5, p<0,05).

Sample # Water Albumens Lipids Mineral substances
Control 72,50+5,21 14,87 £ 0,42 4,15+ 0,28 2,37+0,12
1 70,08 + 4,67 16,20 + 0,53 11,63 + 0,97 2,58+ 0,17
2 65,70 + 4,67 17,49 +£ 0,53 12,66 + 0,97 2,92+0,17
3 63,80 + 6,04 20,50 + 0,27 15,52 +£0,72 3,72+0,24
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All these arguments allow us to assert that fish
products enriched by vegetative ingredient possess by
bigger biological value as compared with the non-
modified mass of fish.

Conclusions

1. The proposed formulations of fish-based semi-
finished products would permit to spread the assortment
of dietetic products.

2. The second positive effect of application
vegetative raw materials in minced fish masses is finding
one of more method of reprocessing the freshwater fish.

3. The R&D work we performed would be continued
and should include the stage of development and
optimization the technologies of producing the fish
products modified by vegetative raw.
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BUKOPUCTAHHS HACIHHS YIA B SIKOCTI
IHTPEJIEHTA ITOJAPIBHIOBAHH S
HATIIBOABPUKATIB ITPOJIYKTIB XAPYYBAHHSI
H. B. IT'onemboscwvra, H. M. Croboosaniox

AHoTamiss. HaBomsTbcs pe3ynbTaTH CEHCOPHOTO
aHami3y CMaKy i1 JesKi iHII BJIACTUBOCTI MOJAPiIOHEHOI
MacH NPICHOBOJAHUX pHO 30arayeHoOro HETPaaUIiHHOT
cupoBrHd (HacinHa Hacinesa wuwia). BucHoBOk Ha
MO3UTHUBHUI BIUIMB Ha BJIACTHUBOCTI 3alpOINOHOBaHOL
KOMIIO3HUIIT 3a Ti CTaHAApPTHOro 3pa3ka ¢opc-puba OyB
3po0JsieHni Ha NMOPIBHSHHI 0a30BUX NPO(LNIB iX OCHOBHI
BIACTHUBOCTI.

Kotnern 3 ™acu MoandikoBaHWX POCITHHHHX
IHTPEIIEHTIB MAIOTh TUIACTUKY 1 IIIJTbHOI KOHCUCTEHIIIT Ha
CBOIO yacTKy. [T03UTHBHI pPe3ysbTaTH OPraHOJEHITHYHOTO
aHamizy CBiguaTh Mpo  JOUUIBHICTH  JOJaBaHHS
3alpPOTIOHYBaB POCIMHHUAN I1HTPEMI€HT IS PO3MOJIOTOL
macu pubu. Kpurepii m0BiB Takoro BHCHOBKY OyJo
3araJibHe BHPAXXCHHS CMaKy, apoMaTy 1 TapMOHIHHICTh
CMaKy KOTJIETH 3 CyMillli po3po0JICHOTO CKIIamdy.

ExcniepumeHTanbHO OyJio MOKa3aHo, IO JO0AaBaHHS
POCIMHHOT CHPOBHHU B CYMIIli JO3BOJISE IIiIBHIIUTU
HOro TMOXXWBHY WIHHICTb. BiICyTHICTP HEraTWBHUX
HACJIIKIB TICII JOJaBaHHS HACiHHS 4ia B puOHUH (apin
Mac JJ03BOJISIE HAM PEKOMEH/IyBaTH WOTO JJisl B)KUBAHHS B
SIKOCTI JIETHYHOTO MPOIYKTY NMPU3HAYCHHS.

KiarouoBi caoBa: puOHI KOTIETH, pOCIHWHHA
CHUPOBHHA, HACIHHA Yia, HamiB(aOpuKaT, OpraHoIeTUIHI
BUNIPOOYBAaHHs, OPTraHOJECNTHYHI ITOKa3HUKH, apoMar,

CMak, npodinorpam.

HCIIOJIb3OBAHUE CEMSH UMA B KAYECTBE
UHI'PEAMEHTA U3MEJIBYEHU A
[NOJIYD®ABPUKATOB [NPOAYKTOB ITMTAHUA
H. B. I'onembosckas, H. M. Croboosaniox

AnHoTauusd. [lpuBoasTcs pe3ynbTaTbl CEHCOPHOTO
aHamM3a BKyca H HEKOTOpPBIE JIpYyrHe CBOMCTBa
M3MENbYCHHON MAacchl MIPECHOBOIHBIX pBIO
000TaIlEeHHOT0 HETPATUITMOHHOTO CHIPhSl (CEMSH 4YHa).
3aKII0YCHHE HA MOJIOKUTEIBHOE BIUSHHE HAa CBOHCTBA
npejiaracMoyi KOMIIO3HIIMY 32 T¢ CTAHIapTHOTO o0pasia
¢dopc-ppiba OBLT cHETAaH HA CPaBHCHUU 0a30BBIX
npoduieii nX OCHOBHBIC CBOWCTBA.

KotneTst u3 MaccChl MOIU(DUIIMPOBAHHBIX
PACTHTCIBHBIX ~HWHTPEIUCHTOB HMMCIOT IJIaCTHKA U
IUIOTHOM KOHCUCTEHIIMU Ha CBOIO 10J10. IlosoxuTenbHbIe
pe3yabpTaThI OpTaHOJIENTHYECKOTO aHam3a
CBUICTEILCTBYIOT O IleecooOpa3HocTd  10OaBICHUS
TIPEUIOKII PACTUTEIHHBIN HHIPEAUEHT IS pa3MOJIOTOH
Macchel peIObl. Kpurepnn nokasan TakoMmy BBIBOAY OBLIO
oOmiee BBIpaXCHHWE BKyca, apoMaTa M TapMOHHYHOCTB
BKyCa KOTJICTBI M3 CMECH pa3pabOTaHHOTO COCTABA.

DKCIEePUMEHTAIBHO ObLTO MOKAa3aHo, 4TO
J00OABIICHUE PACTUTEIBHOTO CHIPbS B CMECH IO3BOJICT
MOBBICHTh €r0 MUTATEIbHYI IEHHOCTh. (TCYTCTBHE
HETaTUBHBIX MOCIEICTBHIA MOCE JOOABICHUE CEMSIH Yna
B PBIOHBIN (bapmr Macc MO3BOJSIET HAM PEKOMEHIOBATH
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ero il ymoTpeOlieHHss B KadecTBe  MpPOJIYyKTa
JIMETHYECKOTO HAa3HAYCHHUSL.

KiawueBbie cjioBa: pBIOHBIE KOTJIETHI,
pacTHTENnbHOE ChIpbe, CeMeHa 4uHa, MoyyhadpuKar,
OpraHOJIENTUYECKOE HCHBITAHUS, OPraHOJICNITUYECKHE
MOKa3aTesu, apoMar, BKycC, mpoduiorpad.
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Annotation. The multivariance of the methods of
developing investment and construction projects leads to
the need to analyze existing and construct new economic
and mathematical models that take into account the
likelihood of the implementation of certain options, and
also take into account the conditions of uncertainty and
risk. In the field of motor transport infrastructure,
investment and construction projects are always large-
scale and costly, because their implementation affects
different components of socio-economic development of
territories. Investment-building projects of toll roads, in
general, are difficulty managed systems that change their
configuration in the course of multi-step processes. The
ability to manage such a system causes the problem of
choosing one or another action and inevitably leads to the
task of finding the optimal solution in terms of
management.

In the article an algorithm of the economic-
mathematical model of optimization of expenses of
investment-construction project of a paid motorway in the
conditions of uncertainty and risk is developed. The
description of the system's work is based on the
"Markovian" decision-making processes, and
optimization of expenses was carried out by methods of
discrete and dynamic programming, in accordance with
the general concept of analysis and optimization of multi-
step tasks.

The proposed model can be a tool in the operational
management of the process of developing an investment
and construction project, on the basis of which will be
further developed the schedules and calendar plan for its
implementation.

Key words: costs, dynamic programming,
investment-construction project, economic-mathematical
model, paid motorway, risk.

Introduction

To date, the multivariate ness of the options for the
development of investment and construction projects
leads to the need for an analysis of existing and building
new economic and mathematical models that take into
account the likelihood of the implementation of certain

options for project development, and also take into
account the conditions of uncertainty and risk.

Formulation of problem

Taking into account the adoption of the law aimed at
improving the legislative regulation of the construction
and operation of public roads of state importance on the
terms of concession in the near future (in 2019) there will
arise a need to develop and implement investment-
construction projects for toll roads, hence the need to
develop new and improve existing decision-making
models as a result of their implementation.

Analysis of recent research results

Issues of investing in transport infrastructure objects,
in particular regarding financing of socially important
projects in this area, were studied by Ukrainian and
foreign scholars Y. Bastia [6], T. A.Vorkut [1],
I. V. Heyets [4], P. Drucker [7], K. Eigenram [8].

The purpose of research. Development of algorithm
of economical-mathematical model of optimization of
expenses of investment and construction project toll road
with using “Markov” processes of decision making and
methods of discrete and dynamic programming.

Results of research

On February 27, 2018, the Verkhovna Rada of
Ukraine amended the law "Concessions”, "Concessions
for the construction and operation of highways", "About
auto roads", "On sources of financing of road economy of
Ukraine", "On the alienation of land plots of other objects
of real estate, which are located on them, which are in
private ownership, for public needs or from the motives of
social necessity.” Adoption of certain legislative norms
opens up new opportunities for attracting capital, in
particular private, for the development of modern motor

transport infrastructure of Ukraine.
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The practice of attracting private investment for the
construction of concession roads is not new. Thus, in such
developed countries as France and Italy, financing of road
infrastructure development is mainly done through public-
private partnership. For example, in France, at the
expense of private investment, a network of highways
with a length of about 7 thousand km is being built, which
are serviced at the expense of usage fees in accordance
with established tariffs. In Germany, only certain areas of
roads are paying that lead to the recreational areas of the
Alpine Mountains are paid. At the same time, on the
territory of the EU, the fee for using the network of
highways is strictly charged. [3, p. 60]

When considering investment projects in the area of
motor transport infrastructure, it should be noted that they
are always large-scale and costly; therefore their
implementation affects different components (economic,
socio-cultural, ecological, industrial and others) socio-
economic system of the territory. However, road
construction projects are a special case of investment
projects, which differ from most projects with such
characteristic features:

1. Project product.

2. Number of investors.

3. Level of state regulation.

4. Risks of funding sources.

5. Number of projects.

6. Dependence of the project on the time of work and
weather conditions.

7. Strategic constraints on the transfer of the project
to private ownership [2, p. 58].

And, the investment and construction project of a toll
road, in general, is a complex managed system that
changes its configuration in the course of multi-step
processes. The ability to manage the system leads to the
emergence of a problem of choice of actions and
inevitably leads to the task of finding the optimal solution
in terms of management. This type of task is a task of
dynamic programming, built on, the so-called principle of
optimality: According to him, optimal behavior is
characterized by the fact that, whatever the initial state
and decision at the initial moment, the following solutions
should be an optimal behavior relative to the state
obtained as a result of the first decision.

The method of dynamic programming is that optimal
management is built gradually. At each step, only this
step is optimized. At the same time, at each step the
management is selected in the light of the consequences,
since management, optimizing the target function only for
this step, can lead to a non-optimal effect of the entire
process. Management at every step should be optimal in
terms of the process as a whole. Whatever the initial state
of the system before the next step, the management at this
stage is chosen so that the gain at this step plus the
optimal gain at all subsequent steps was maximal.

The general optimization task can be described as a
model of dynamic programming in the following
conditions:

1. The task can be interpreted as a n-step process of
management, and the overall performance can be
presented as the sum of performance indicators at each
step;

2. The structure of a task must be defined for any
number of steps n and not depend on that number.

3. At each step, the state of the system is determined
by the finite number of “m” state parameters and
controlled by the finite number of “r” variables, with m
and “r” not depending on the number of steps “n”.

4. The choice of “k” step does not affect the previous
steps, and the state at the beginning of this step is the
function of only the previous step and the control selected
on it.

Dynamic programming processes can take different
forms. We propose an analytical model of the process of
making a well-founded solution, which will be both fairly
general and computational. This model is conditionally
stationary because it assumes that the investment-
construction project of a toll road is executed for a short
period of time. To describe the work of the system,
Markov processes of decision-making are used, and for
optimization — methods of discrete and dynamic
programming, in accordance with the general concept of
analysis and optimization of multi-step tasks.

Markov problem of decision, described in R.
Howard's work [5], is the task of mathematical
programming, which is applicable to multi-step decision-
making tasks at risk. In them, the process of changing the
state of any system is that at random moments of time
to, ta, t2, ..., tk the system is manifested in one or another
prior known discrete state in a consistent manner.

This random sequence of events is called the Markov
chain, if for each step the probability of transition from
one state “S¢"* in any other “S;” does not depend on when
and how the system went into “S;”.

The Markov chain is described with the help of
probability states, and they form a complete group of
events, so their sum is equal to one.

Consequently, an investment and construction
project of a toll road will be a system that at any fixed
time can be in one of the numerical states (stage of project
execution), which is numbered as E; = 1, 2, ..., N and
assume that at discrete moments of time t = 0,1, the
system moves from one state to another. In addition,
processes of state change are not deterministic, but
stochastically controlled by a transition matrix:

P = (Pgigy),
where: Pg;.g the probability of transition of the condition
from the stage "i" to the stage "j" of the investment and
construction project of the toll road.

We introduce the following functions: X; (E;) — the
probability that the system at the time (t) is in the state of
Ei=1,2,.., N, provided thatt=1,2, ...

Then, according to the theory of probability:

N
Xa(E) =2 Pow x % (E)E;=12,.N
x(E)=C,.
Given that in the theory of Markov processes, the

asymptotic behavior of a function is considered x,(E,),

at £t —> oo and if all transitional probabilities Pg;z;
positive then the definite functions approach the values

x,(E,) , satisfying the equation of "stationary regime":

X(E)) = ZZlPEi;E_/ xx(E),E =12,..N
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edetermine the sequence of work

Stage 1. Selection of the main set of works:

eappointment of the initial vertices of the graphs
edetermine the vertices of the graphs in which the decision should be made

Stage 2. Expert determination of the probabilities of transition
from one job to another, the possibility of skipping work

eduration
ecost
eability to re-work

Stage 3. Estimation of the basic parameters of work:

Stage 4. Search for the critical (maximal) path

Stage 5. Formation of scenarios of possible development of

investment and construction project:

eoptimistic
erealistic
epessimistic

project for a given set of works

Stage 6. Optimization of the cost of investment and construction

Fig. 1. Algorithms for constructing an economical-mathematical model for optimizing the costs of an investment-

construction project of a toll road.
Source: compiled by the author.

In this model, at each step, one of the sets of such
matrices can be selected as a transition matrix,
accordingly, we can select a matrix for determining the
policy o (P = (Pri(@)).

Next, let's assume that not only the fortune changes
at each step, but also the costs associated with the
development of the project, which is the function of the
initial and final state and decision. In this case, the
expression Ry = (reigi(e)) is a cost matrix..

The process described above is the Markov process
of decision making, therefore, the essence of the problem
solution is to choose a sequence of decisions, which
minimize the mathematical expectation of the costs
incurred in the N-step process, at a given initial state of
the system.

Let it af; a;; a: - alternative variants of
implementation of the investment project in period “I”
and 4'; hy; h; - the corresponding expenses for the
implementation of the project for these options in period

pr

Since alternatives to the implementation of the
project arise at each of the stages, designate for the Il
period alternate project implementation and their costs

af; af; aland hZ; hZ; h. Then for the Il period,
alternative variants of the project implementation and
their costs will be &2; a; aland h2; h3; K.

The solution to the task of minimizing costs is
carried out in stages and begins with the search for a
minimum number of costs in the Il period. Then such
procedures are repeated for the Il and | periods. The final
decision on the development of the project is formed from
a consistent choice, starting with the first period of such
alternatives, at which the cost index is minimal.

Uncertainty and risk factors are assessed by experts
as possible additional costs at each of the stages of the
development of an investment and construction project
and determined using non-formalized  subjective
assessment methods. In some cases, the magnitude of the
influence of these factors can be determined on an
objective basis (for example, on the basis of statistics on
the progress of adverse events on similar objects).

Accordingly, the main task is to build an optimal
solution in all three stages of choosing a minimum cost
indicator taking into account the component of
uncertainty and risk. To do this, the probability of its
occurrence and the value of gain (the cost minimization,
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taking into account the component of uncertainty and
risk) is calculated, which can be obtained taking into
account this probability. The calculation is performed for
each vector of decisions from the initial node of decision-
making to the final node of the corresponding result, with
the selection of the branch, which leads to the maximum
gain and return to the previous decision node, which
assigns this value to the winnings.

Construction of the economic-mathematical model is
reduced to the task of managing the process of developing
an investment project, the algorithm for solving which
consists of the following main stages.

Conclusions

1. Investment and construction projects in the sphere
of motor transport infrastructure are always complex,
large-scale and costly. Their realization affects the various
components  (economic,  socio-cultural, ecological,
industrial.) of the socio-economic system of the territory
and accordingly requires the application of various
models of management of them both at the design stage
and in the process of implementation.

2. The proposed model may prove to be a powerful
tool in the operational management of the project
development process, on the basis of which the graphs
and the plan for its implementation will be built in the
future. Thus, interested parties (public or private
partners), using the developed model, are able to quickly
make decisions not only before the start of the investment
and construction project, but also during its
implementation, as well as to receive detailed information
about possible losses at the decision points.

References

1. Vorkut, T. A. (2008). Proektnyj analiz. Kyiv.
UTsDK.

2.Zalunin, V. F., Schehlova, O. Yu., Lazhe, M. V.
(2013). Estimation of economic efficiency of construction
of highways. Derzhava ta rehiony. Vol. 2 (71). 55-59.

3.Zatonats'ka, T. H. (2013). Ways of formation of
modern transport infrastructure in Ukraine. Finansy
Ukrainy .Vol. 8. 54-61.

4.Heiets, V. M. (2010). New course: reforms in
Ukraine. 2010-2015. Kyiv. NVTs NBUV.

5.Hovard, R. A. (1964). Dynamic Programming and
Markov Processes. Moscow.

6. Bastiat, F. (2005). Sophismes Economique France:
Belles Lettres.

7.Drucker, P. F. (1995). Managing for the Future—
1st ed. Plume.

8.Eijgenraam, C. J. J., Koopmans, C. C., Prij J,
Rosenberg, F. A., Tang, P. J. G., Verster, N. (2000).
OEEI: Evaluatie van infrastructuurprojecten: leidraad
voor kostenbatenanalyse, Tijdschrift VVervoerwetenschap
31, 28-33.

Cnmcok jgireparypu

1. Bopxym T. A. lpoextanit anam3. Kuis. YIIIK.
2008. 440 c.

2. 3anynin B. @., Hleenosa O. IO., Jlasxce M. B.
OmiHka  eKOHOMIYHOT  e(eKTHBHOCTI  OyIiBHHUIITBa
aBTOMOOITBHUX Jjopir. JlepkaBa Ta perionn Cepis:
Exonomika ta mignpuemuunrso. 2013. Ne 2 (71). C. 55—
59.

3. 3amonayvka T. I Hlnsxu (dbopmyBaHHs
Cy4acHOI TpaHCHOpPTHOI iH(pacTpykTypu B VYKpaiHi.
®inancu Ykpainu. 2013. Ne 8. C. 54-61.

4. Teiya B. M. Hosnit xypc: pedopmu B YKpaiHi.
2010-2015. Kuie. HBI] HBYB. 2010. 232 c.

5. Xosapo P. A. JluHamMH4eCcKoe TIPOTpaMMHUpPOBa-
HHME€ W MapKoBCKHe Tmpoiecchl. MockBa. M3narenscTtBo
"Coserckoe paauo". 1964. 189 c.

6. Bastiat F. Sophismes Economique.
Belles Lettres. 2005. 290 p.

7. Drucker P. F. Managing for the Future. 1st ed.
Plume. 1995. 384 p.

8. Eijgenraam, C. J. J., Koopmans, C. C., Prij J.,
Rosenberg, F. A., Tang, P. J. G., Verster, N. OEELI:
Evaluatie van infrastructuurprojecten: leidraad voor
kostenbatenanalyse.  Tijdschrift ~ Vervoerwetenschap.
2000. Ne31. P. 28-33.

France.

MOJIEJIb OTITUMIBALIIL BUTPAT IHBECTULIIIMHO-
BYAIBEJILHOI'O I[TPOEKTY IIJIATHOI
ABTOMOBUIBHOI JOPOT'U
O. M. 3azypcoxuii, B. B. Kykanos

AHoTamnisg. BaraTtoBapiaHTHICTH METOIIB PO3POOKH
IHBECTHLIHHO-0Y/IBeJIbHUX TNPOEKTIB MPHU3BOAUTH 10
HEOOXiJTHOCTI aHalli3y ICHYHOUYMX 1 IOOYZOBH HOBHX
€KOHOMIKO-MaTeMaTHYHUX MOJIEJICH, IO BPaxoOBYIOTh
HMOBIPHOCTI 3HIMICHEHHS THX YM IHIIMX BapiaHTIB, a
TaKOX BPaxOBYIOTb YMOBH HEBH3HAYEHOCTI 1 DPHU3HUKY.
y cepi ABTOTPAaHCIIOPTHOT 1HppaCTPYKTYypH
IHBECTHLIIHO-OYAiBEIbHI MPOCKTH 3aBXKIM MAaCIITa0HI Ta
3aTpaTHi, TOMy, IO iX peami3amis BIUIMBAaE Ha pi3HI
CKJIaJI0B1 COI[iaJIbHO-€KOHOMIYHOTO PO3BUTKY TEPUTOPiil.
[HBEeCTHIIITHO-OYAiBETBHI MIPOEKTH IIATHUX
aBTOMOOUTBHHX JOpIr, B3araji SIBISIOTBCS CKJIAIHO
KEPOBaHUMH  CHCTEMamH, 1I0  3MIHIOIOTb  CBOIO
KoHQIrypamiro B XoAi 0araTOKpOKOBHX TIPOIIECiB.
MoXJIHBICTh 3IMCHIOBATH YIPaBIIiHHS TaKOI CHCTEMOIO
3YMOBIIIOE BUHUKHEHHS PoOJIeMH BUOOPY THX UM 1HIIMX
Iiff 1 HEMHHydYe TPU3BOAUTH IO 33adi MOIIYKY
ONTHMAJIBLHO JIOIJILHOTO DIlIEHHS 3 TOYKH 30pYy
YIIpaBIiHHS.

B crarri po3poOsieHO  aNrOpuUTM  €KOHOMIKO-
MaTeMaTUYHOT MOJIeJi ONTHMI3allii BUTPAT iHBECTHITIHHO-
OyAiBeTFHOTO MPOEKTY IUTATHOI aBTOMOOLIEHOI JOPOTH B
YMOBaX HEBH3HAYCHOCTI Ta pu3nKy. Ommc poOiT cructeMu
BHKOHAHO Ha OCHOBI  «MapKOBCBKHX»  IPOIIECIB
MPUAHATTS PpIllIeHb, a ONTWUMI3allil BUTpAT 37ilicHEeHa
METO/IaMH JHMCKPETHOTO Ta JIMHAMIYHOTO
OporpaMyBaHHS, BiJIOBITHO O 3arajJibHOI KOHIETIIIIT
aHai3y 1 oNTUMI3alii 6araTOKpOKOBUX 3aB/IaHb.

3anpornoHoBaHa MOJIeJIb MOXKe OyTH IHCTPYMEHTOM B
OMEpPaTUBHOMY  YOpPAaBIiHHI  OPOIECOM  PO3POOKH
IHBECTHLIHHO-0YIiBEJIBHOTO TIPOEKTY, HAa OCHOBI SIKOTO B
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noJaiabpuIoMy OynyTh moOynoBaHi rpadiku i KaleHIapHUN
IuIaH Horo peajizarii.

Kiarouosi cjaoBa: BUTpATH, IMHAMIYHE
MpOrpaMyBaHHs, IHBECTHLINHO-OYAiBEIbHUNA  MPOCKT,
€KOHOMIKO-MaTeMaTHyHa MOJIeJb, IJIaTHa aBTOMOOIJIbHA
JIOpOra, pU3HK.

MOJEJIb OIITUMU3ALINU PACXO/JI0B
WHBECTULIMOHHO-CTPOUTEJIBHOI'O ITPOEKTA
IUTATHOM ABTOMOBWJIBHOM JIOPOI'U
O. H. 3aeypckuii, B. B. Kykanog

AHHOTAIMS. MHOTrOBapUaHTHOCTh METOJIOB
pa3pa60TKl/1 WHBCCTUIIUOHHO-CTPOUTCIIBHBIX IPOCKTOB
MPUBOJIUT K HEOOXOAMMOCTH aHAlIn3a CYMICCTBYIOIIUX U
MOCTPOCHUA HOBBIX 3KOHOMHKO-MAaTEMAaTHYCCKUX
MOﬂeﬂeﬁ, YYUTBIBAOMIUX BCPOATHOCTU OCYHICCTBIICHUSA
T€X WJIM WHBIX BAPUAHTOB, a4 TAKXKe YUYHTHIBAIOIINX
YCIIOBUSI HEOTPE/ICIIEHHOCTH U PUCKA.

B chepe aBroTpaHCHOpPTHOW HUH(PACTPYKTYPHI
HMHBECTHIIHOHHO-CTPOUTEIbHBIC MIPOCKTBI BCeraa
MacuTabHbIe U 3aTPaTHBIC, TOITOMY, YTO MX Pealn3alius
BIMSET HA pa3liUYHbIE COCTABISIONUE COLUATIBHO-
SKOHOMHYECKOTO pas3BUTHA TEPPUTOPHUH.
I/IHBCCTI/IL{I/IOHHO-CTpOI/ITeJ'H:HLIe TIPOCKTHI IUIaTHBIX
aBTOMOOMJIBHBIX JOPOT, BOOOIIE SBJISIOTCS CJIOKHO
YpaBiIA€MbIMU CHUCTEMaMU, U3MCHSIOIITUMHN CBOIO
KOH(UTypalmuio B XOIE€ MHOIOIIATOBBIX IPOIIECCOB.
B0O3MOXHOCTE  OCYILECTBIATH  YIPABIEHUE  TaKoOH
CHUCTEMO# O0O0YCIIOBIIUBAET BO3HHKHOBEHHE MPOOIEMBI
BBIOOpPA TEX WM HHBIX JIECHCTBUM U HEM30EKHO MPUBOIHUT
K 3aJ1a4e TIOMCKa ONTHMAJIBHO IeTIECO00Pa3HOTO PEIICHHS
C TOYKH 3PCHHS yIIPABIICHHUS.

B cratee pa3zpaboTaH aIrOPUTM  SKOHOMHKO-
MATEeMAaTUYCCKOW  MOJENTW  ONTUMU3AIMH  3aTpaT
WHBECTHLUOHHO-CTPOUTEIBHOTO  TPOEKTa  IUIATHOU
aBTOMOOMJIBHON JOPOTH B YCIIOBUSIX HEONPEICICHHOCTH
n pucka. OmnmcaHue padOThl CHCTEMBI BBITIOJHEHO Ha
OCHOBE MapKOBCKHX IIPOIIECCOB MPHHSTHS PEIICHUH, a
ONTHMHU3AIMSA  PACXOJOB  OCYLIECTBICHA  METOJaMHU
JMUCKPETHOTO ¥ JUHAMUYECKOTO IMPOrpaMMHUPOBAHUS,
COMIacHO OOIIeH KOHIICTIUN aHaIW3a W ONTUMHU3AINH
MHOTOIIATOBBIX 3a7ay.

[pemnoskeHHast MOIEITh MOXKET OBITh HHCTPYMEHTOM
B OICPAaTHBHOM VIPABJICHUU MPOIECCOM Pa3pabOTKH
HHBECTUIMOHHO-CTPOUTEIILHOTO TPOEKTa, HAa OCHOBE
KOTOPOTr0 B JasibHEHIeM OYJIyT MOCTPOCHBI TpaduKu U
KaJICH/IapHbIH [UIaH €ro peaan3alii.

KawueBble cioBa:  pacxoipl, JIMHAMHYECKOE
MpOrpaMMUpPOBAHUE, WHBECTHIUOHHO-CTPOUTEIbHBIN
MPOEKT, SKOHOMHKO-MATEeMaTHYECKash MOJEINb, IUIaTHas
aBTOMOOWIIbHASL JIOPOTa PHCK.
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Anoranigs. OnmHEM i3 OCHOBHHMX  HAaIpSMKIB
TEXHIYHOI eKCIuTyaTalii CKIaaHoI CLIbChKOIOCIIONAPCHKOT
TexHIKM € 11 edekTuBHE (YHKIIOHYBaHHS Ha OCHOBI
CyYyaCHHMX TEXHOJIOTId 3a0e3neueHHs HAMIHHOCTI 13
3aCTOCYBaHHSIM 3ac00iB  KOHTPOJIIO HapaMeTpiB  ix
TEXHIYHOTO CTaHy. B CKiIagHUX CiIbCHKOrOCHOAAPCHKUX
MallfHaX Mepen0avaeTbesi aBTOHOMHE OONaJHAHHS, fKe
3a JIOTIOMOTOI0 BIJIOBIAHUX JNaTYHKIB iHPOPMYyE TIPO
peaNbHMI CTaH CHCTEMH Ta Tiepenae iHdopMmallito Ha
MyasT KepyBaHHA. [Hpopmamis npo TeXHIYHHWH CTaH
TEXHIKH BaXJIUBUH I OIIHKK JOCATHYTOI'O PiBHA Iii
HaJIAHOCTI Ta IPUHHATTS PillleHb, 3 OJJHOTO OOKY 1MI0A0 il
MiABUINCHHS TpPH MPOCKTYBaHHI Ta BUPOOHUITBI, a 3
iHIIOTO0 O0OKY — JUTs 3a0€e3IeUeHHS Ipane31aTHOTo CTaHy B
MpoIleci eKCIUTyaTallii.

Jus aHamily CcTaHy TEXHIYHOTO pIBHS MAaIIWH 1
oOmamgHaHHA B Tamy3l  TOYHOTO  TBAapHHHMIITBA,
aBToMaTm3amii Ta poOorm3amii OyB  TpOBEICHUIA
NMaTeHTHUH OmIsAA, B pe3yjibTaTi sKoro mixibpana
BIZINOBIIHA iH(QOPMALlis 3 METOI CHCTeMaTH3allil, aHai3y
1 BU3HAYEHHS TEH/CHIIH PO3BUTKY BKAa3aHOTO HAIPSIMKY.
BcraHoBNeHO, 10 TpU HEPYHHIBHUX JOCIIKEHHIX 13
peaiizaitiero JiazepiB Oe3MEepPEpPBHOTO BUIPOMIHIOBAHHS
JuIsl TeHepauii Pe30HaHCHUX MOJ| KOJHBaHb BHCOKOTO
MOpSAKY 1 TONIYKYy aHOMallii y iHTepdepeHIiHHnX
CMyrax y BIJHOBIEHHX ToJorpamMax 1 OTPHUMaHHX
METOJIOM YCEpeAHCHHS 3a 4YacoM, € e(pEeKTUBHUM
3aCTOCYBaHHS  yIbTPAa3BYKOBOTO  30yIKEHHI  SIK
HaBaHTaxeHHA. [onorpadiuny  iHTepdepeHmiro i3
IMITyJIbCHUMH JIa3epaMH, sIK OyJI0O BCTAHOBIICHO, TOMIIFHO
3aCTOCOBYBATH ITIPH JOCIIUKEHHSX Ha BTOMY, a TaKOX
MarepiaiiB Ha MII[HICTh P BUKOPHCTaHHI MEXaHIYHOTO
3THHY PIKYYOro €JEMEHTY, 110 BKJIIOYAE BEPTUKAIBHO
BCTAHOBJICHUH LIHEK i3 3aKpiIUIEHUMHU Ha HbOMY HOXKaMH.
Jis otpuMaHHs iHTepQEpeHIIHHUX CMYyr Ha TOBEPXHI
MOJIOTKIB YH JIeK, BHKOPHUCTOBYIOTH BHIIPOMIHIOBaHHS
Jazepa i3 ABOMa XBWJISIMH Pi3HOT JTOBKHUHH.

Peamizamis mpencTaBiICHUX METOJUYHUX ITiIXOIB
CIpuse 3MEHIICHHIO BHITYCKY Je(eKTHOI MPOIYyKIIii,
3aro0irae BUHUKHEHHIO aBapifHUX CHUTYyaIlii B mporieci
eKCIUTyaTallii i CTBOPIOE y CIIO)KHMBa4a BIIEBHEHICTH IIPO
BHCOKY SIKICTB CIJIbCBKOTOCIIOAPCHKOT TEXHIKH.

KarouoBi cioBa: cimbcbKOToCHoaapchbka TEXHIKa,
TEXHIYHI CHCTEMH, CTaHH, HaJiifHicTh, TroJorpadis,
iHTeppepoMeTpis, HEepPYHHIBHHA KOHTPOJIb, MAIIUHA,
cHCcTEMA, JIeTall.

[ocranoBka npodaeMu

Jns  edexruBHOTO  (YHKIIOHYBAaHHS  CKJIaTHOI
CUTBCHKOTOCIIOAPCHKOT TEXHIKM SIK CKJIAJHUX TEXHIYHUX
cucreM (CTC), HEOOXiTHO BOJIOHNITH IH(POPMAIIEI TIPO
OCHOBHI TMOKa3HWUKU ii pobotu. Tomy, B cydacHUX

CKJIaTHIX CLIBCHKOTOCTIOIAPCHKUX MalHax
nepenbadaeTbcs  aBTOHOMHE  OOJIAgHAHHS, SKE 32
JIOTIOMOTOI0  BIINOBITHUX JaTYUKIB iHGOpPMYye TIpo

pEAIbHUI CTaH CHCTEMH Ta Ipyla JaT4HKiB, IO Iepenae
iHpopMaIifo Ha TMyJIbT KepyBaHHS. YIOPSIKOBaHICTh B
pobotri CTC nocsiraeTbest 00 ’€THaHHSAM pe3yNbTaTiB
MOCTIHHOTO MOHITOPUHTY NpO cTaH (YHKIIOHYBaHHS
MammH, 11 00pobky 1 QopmyBaHHS ~ KOMaHI
ABTOMATH30BaHOTO KOHTPOJIIO 3a JIOTIOMOT'010
CIeLiaIbHOTO0 KOMIT IOTEPHOT0 00J1aJHaHHS.

BaxnmuBo, mo-mepine, BOJOAITH iH(OpMAINIO PO
TEeXHIYHUH CTaH CKJIQJHOI  CLIBCHKOT'OCIIONAPCHKOT
TEXHIKM /I OL[HKM JIOCSTHYTOTO PIiBHS HaAIHHOCTI Ta
MIPUAHATTS PillIEeHh BAPOOHUKOM JIJIsl HOTO MiJIBUILIECHHS, a
Mo-7ipyre — 1yisl 3a0e3MeueHHs Mpale3/1aTHOTO CTaHy MpU
BHKOHAHHI MAIIMHOIO TEXHOJIOTIYHUX Omeparlii. SIkio B

NepIIoOMy  BHNAAKy  MOXe  OyTH  BHKOPHCTaHO
rmepiognaHUd 30ip Ta aHamiz iHQopmamii T yMOB
MammHOOYIIBHOTO BHPOOHMITB, TO B JOPyromMy —

e(heKTHUBHIIIIE BUKOPUCTOBYBATH O€3MEePEPBHUN KOHTPOIH
rmapaMeTpiB TeXHIKM B TpoIeci eKCIuryartarii, sKi
BU3HAYAIOTH ii CIIPaBHICTH abo0 K MparesnaTHicTs [4, 5,
9].

CyyacHa cKJiaJHa CUIBCBKOTOCIIOapChKa TEXHIKa,
BKITIOYAIOYHM MAIIMHU Ta OOJIaJJHAHHS Ui TBAPUHHHUIITBA,
PO3BUBAETHCS B HANPSAMKY TIJBUIICHHS HaAIHHOCTI
MAIllMH,  MPOAYKTUBHOCTI 1  SKOCTI  BHKOHAHHS
TEXHOJIOTIYHUX OTepalliif, aKTUBHOTO BHUKOPUCTAHHS B
KOHCTPYKILIAX HOCSTHEHb iH()OPMAIIHUX TEXHOJOTIH.
CeiToBHIA pHWHOK 3aco0iB  UIi  TPUTOTYBAaHHS i
po3naBanas kopMmiB (3I1PK) 3a ocramni 10 pokiB crtaB
OIHUM 3 THX, IO HAWOUIBII TUHAMIYHO PO3BHUBAIOTHCS.
Tak, sxkmo B 1995 pomi Kopmo3MmimryBadi-po3naBadi
BHITycKamy 5 3apyOixamx ¢ipm, 10 mo 2005 poky
KUTBKICTh JIMIIE BEIMKUX BUPOOHHKIB BKAa3aHUX MAalIMH
nocsirna onan 20 ¢ipm. B octaHHI pOKH B CBITI MTOHAT
120 wommawni#t 3aitasari BupoOHuuTBoM 3IIPK, y TOMY
YHCIIi OpraHi3oBaHo iX BHITyCK B YKpaiHi, binopyci, Pocii

12, 8].
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AHaJIi3 oCTaHHIX J0CTiIKEeHb

[poBenennit anani3 JiteparypHux mwkepen [4, 5, 9]
Ta BJACHI JOCIipKeHHs aBTOpiB [6-8] mokasamu, 1o Ha
CBOTOMHIMHIN AeHb, 1 e()EeKTHBHOTO BUKOPHCTAHHS
CKJIaZHOI CLIBCHKOTOCIIONAPCHKOI TEXHIKH 3aKOPAOHHOTO
BUPOOHMIITBA BHUKOPUCTOBYIOTHCS CIHOCOOM 1 TMPHHIMIIN
iHpopMaliiHOro 3a0e3MEeYeHHs] CHCTEM KOHTPOJI0 IX
TEXHIYHOTO cTaHy. BkaszaHi cucTemu pi3Hi 3a TEXHIYHUM
BUKOHAHHSM, MOXJIMBOCTSIM Ta IPHHIMIIOM pPOOOTH
3HAMIUIM CBOE IIMPOKE 3acTOCYBaHHS B MOOLIBHHX
S€HEepPTeTHIHUX 3acobax Ta CKIIaHIT
CLTBCHKOTOCTIONAPCHKIH TEXHIIT.

Hus BubOopy HaOLmpm e(eKTUBHOI CHCTEMH IS
KO)KHOTO ~ OKpEMOTO  TPUKIAaNy HEOOXiZHO  diTKe
PO3YMIHHSI MPO IX MPU3HAYCHHS, CHOXHBUI BIACTHBOCTI
Ta (QYHKIIOHATBHI MOKIHBOCTI. L{e cTBOproe mepeayMoBy
JI0 cucTemaru3auii i CTPyKTypyBaHHs iH(popMauii mpo
CHUCTEMU KOHTPOJIKO TEXHIYHOTO CTaHy  CKJaJgHOl
CIIbCHKOTOCIIOAAPCHKOI TEXHIKHM 3 METO IMiJBUINCHHS 11
HaJiHHOCTI.

Ha ocHOBi aHamizy HaykoBOi JiTepaTypu i
HAKOIIMYEHOTO (haxiBusMu JOCBily  TIPOBEICHHS
PEMOHTHO-IPODITAKTHYHUX POOIT Ha IMIAMPHEMCTBAX
TEXHIYHOTO CepBiCy 1 PEMOHTY, 3p00JIEHO BUCHOBOK IIPO
Te, MO0 B OCTaHHI pPOKM HE B IIOBHOMY 00cCs3i
BUKOPUCTOBYIOTBCS BCi MOMJIMBOCTI IS SIKICHOTO
TEXHIYHOTO  0OciyroByBanHo 1 pemonty (TOP)
CITBCHKOTOCTIONAPCHKOT TEXHIKHU, peai3allii MoKa3HUKIB ii
peMonTOonpuaarHocTi [3, 8].

AHamizoM OyJI0 BCTaHOBJCHO, IO HEJOCTATHS
HasgBHICTb, a iHOAI 1 TOBHA BIACYTHICTH HEOOXimHOI
iHpopMarii, 3HAYHO YCKIAJHIOE, 2 B OKPEMHUX BHITAJKaX
BHKITIOYA€ MOMJINBICTh TPOBEIECHHS SIKICHOTO TEXHITHOTO
0oOCITyroByBaHHS 1 PEMOHTY CUIBCHKOTOCIIOJNAPCHKOT
TexHiKH. Pa3oM 3 TuM, Oyno BCTaHOBIEHO, WO JUIS
MOIMIyKy Ta o0OpoOKM Bke HasBHOI iH(opMarrii
BUTpayaeThcs Oarato wyacy, NPUYOMY B CHIYy DAy
Ccy0’€KTMBHUX O3HaK BOHa MOXE OyTH CHOTBOpEHa, He
MOBHICTIO BijioOpakeHa a0o K Ha/JXOJAUTH HECBOEYACHO.

Mera gocaigkeHb

Buxoas4u 3 1bOro, METOIO CTATTI € MOCHIHKEHHS
TEXHIYHOT'O CTaHy Ta 3a0e3MeUeHHs HaMIHHOCTI CKIIQJIHOT
CLIBCHKOTOCTIONAPCHKOT TEXHIKHM B TPOLECi eKCIUTyaTawil
Ta MpH Opraxizamii poOiT 3 TEXHIYHOrO 00CITyrOBYBaHHSI
32 paxyHOK BHKOPHCTaHHS Cy4YacHHX iH(pOpPMaIiifHUX
TEXHOJIOTIH Ta BHUBYCHHS MOJJIMBOCTI  peajizaril
KOMIT’F0TepHOi rosiorpadii i ciexi-inrepdepomerpii.

Pe3yabTaTn nociigxenb

CyyacHa CcKJagHa CUIBCBKOTOCIIOJapChKa TEXHIKA,
BKJIIOYAIOYM MAIIWHM Ta OOJNaHAHHS JJIsl TBAPUHHUIITBA
PO3BHUBAETHCS B HANPAMKY 301BIICHHS TEPMiHY CIyXOu
Ta HAJIHHOCTI MAIIWH, NPOAYKTHBHOCTI Ta SAKOCTI
BUKOHAaHHS  TEXHOJOTIYHMX  Omepalliid, aKTHBHOTO
BUKOPHCTAHHS B KOHCTPYKIISIX OCSATHEHb EIEKTPOHIKH,
KOMIT IOTEPHHX Ta iH(QOPMAIiTHIX TEXHOJIOTIMH.

Mammen  Ta oOmajHaHHA AN TBApUHHUIITBA
BiJJPI3HAIOTHCS JIOBTOBIYHICTIO, 3PYYHICTIO MOHTaXy Ta
obciyroByBaHHs. TexHika HAcCTITPKM pPI3HOMAaHITHa O
KOHCTPYKTUBHOMY  BHKOHaHHIO 1  (pyHKI[IOHAIBHUX
MOXIMBOCTSX, IO Ja€ IMUPOKI MOXIHUBOCTI 3
KOMIUIEKTYBaHHS ONTUMAIBHOTO CKIIAAy HMapKy TEXHIKH 3
ypaxyBaHHSIM  YCiX  OCOOJMBOCTEH  MiJIPUEMCTBA!
po3Mipy ¢epmu, piBHS pO3BUTKY IH(pacTpyKTypu Ta
TEXHIYHOTO OCHAIICHHS, TEXHOJIOTII TOMIBII Ta PaIliOHiB,
TOLIO.

He 3Baxarounm Ha 3Ha4YHy pI3HOMAaHITHICTh
KOHCTpyKTHBHOTO BUKOHaHHS 3[IPK, mokymnuiB xBHIIIOE,
B Iepmry 4epry: (akTHYHWHA piBEHb HAIIIHOCTI; SKIM
pobounM opraHaM BinmaTH IepeBary: TOPH30HTAIbHHM
a0 BEpPTHKATBHHUM; BIATOBIOHICTE SIKOCTI KOPMOBOL
CyMIIIi 300TeXHIYHIM BHMOTaM. B ocTaHHI poKHM OKpemi
Mozeni camoximaux 3I1PK ocHamyroThes Bigeokamepamu
3aJHBOTO BUJLY, JOKOMCTHKAMH YIIpaBIIiHHS,
MOBHONPUBOJHUMH 11aCi, aBTOMAaTH30BaHUMH CHCTEMaMHU
JIarHOCTHUKH.

Jlnst aHami3y cTaHy piBHSI TEXHIKM B rally3i TOYHOTO
TBapUHHUIITBA, aBTOMaTW3alii Ta poOoTu3amii OyB
MPOBEICHUIM TATEHTHUH OINAA, B pPeE3yibTaTi SKOTO
migiOpaHa BiITOBITHA iHpopMarris 3 METOIO
cucteMaTm3amii i aHamizy BiZIOpaHUX JTOKYMCHTIB i
BU3HAYCHHS TEHJAEHIIH PO3BUTKY BKA3aHOTO HAMPSIMKY.
I'mubuna momryky cknana noHan 10 pokiB (2005-2016
pp.), IO OOYMOBJICHO THM, IO MEpLIl NATEHTH JUIs
CUIBCHKOT'O TOCIIOAPCTBA, SIKI MICTSTH €JIEMEHTH TOYHOTO

TBApUHHUIITBA, BKJIIOYAI0OYH TEXHOJOTil TI00aIpHOTO
no3uriionyBanus (GPS), reorpadiuni iHpopmariiiHi
cuctemu (GIS), TexHONOTII OIIHKA TPOAYKTHBHOCTI

TBAapWH Ta iHII OTPUMAIH HAWOUIBIIUN PO3BUTOK TEPIOJ
2005-2015 poxis.

LikaBoro, 3 TOYKH 30py AOCIHIIKEHHS YMOB poOOTH,
SKOCTI TOAPIOHEHHSA-3MINIYBaHHS 1 TEXHIYHOTO CTaHy,
MexaHi3My noapioHenHs-3minryBanHs 3[IPK e npuctpiit
JUTsL TIEpEMIllyBaHHs 1 pi3aHHS KOpPMiB ajis TBapuH [12].
[Mpuctpiii BKIIOYAE €MKICTH 3 OIYHOIO CTIHKOIO, MIO
o0epTaeTbesi, PpLKYYHMH  €IEMEHT, 10  BKJIIOYae
BEPTHKaJIbHO BCTAHOBJICHUH IIHEK 13 3aKpIIJICHUMH Ha
HBOMY HOXaMH, SKUH PO3TAIIOBAHUN BCEPEIHHI €MKOCTI.
OcoOMBICTh KOHCTPYKIIT IIHEKA IOJIATa€ B TOMY, IO €
MOXKJIUBICTb YIPABIiHHS IPUBOIHHUM NPUCTPOeM. byHkep
Ma€e OTBIp i3 3aCINIiHKOIO, MOJIOKCHHS KO PEeryIIOEThCS.
Ipuctpiit  MicTuTh  ONOK  TO3WIIOHYBaHHA IS
YIpaBiiHHS KojecaMu 1 3aciiHkoro OyHkepa. Llluek i3
pLKYyYMMH  eJeMeHTaMH O0O0epTaeThCs HAaBKOJIO  OCi
obepTaHHs 3a JIOMOMOTOI0 MOTOp-peIyKTOopa, pobora
SIKOTO K€pOBaHa OJIOKOM YIIPABJIIHHSI.

3aciyroBye Ha yBary Hpu JOCITiIKEHHI 3ac00iB s
MPUTOTYBaHHS 1 pPO3JaBaHHSA KOPMIB CHCTEMa YIPaBIiHHS

poboTu3oBaHUM  MikcepoM-KopMmoposaaBauem  [10].
CuctemMa ymOpaBmiHHS  CKIaJa€ThCsi 3  HACTYIMHHUX
OCHOBHHX CKJIQJIOBUX: OyHKepa 3 BEpPTHKAIbHUMH

IIHEKaMH 1 TPAHCIOPTEPOM /ISl PO3AaBaHHS, KaOiHM
omeparopa, MeXaHi3My pyXy TpaHCHOpTepa, OyHKep-
IUKJIOHY JUISl 3QJIMIIKIB KOPMY Ta NPHCTPOIO Ui HOTO
300py, ENEKTPONPHBOAY ST  KOJNIC  3aJli3HUYHOI
mwiathopmu. [HpopMamiiHuii O6J0K BKIIOYAE JTOAATKOBO
BBEJCHI TEH30JaTYMKU Bar, ajanrep, MIKpOKOHTPOIEp,
OJIOK TECTOBOTO pexuMy, Hasiratop, poyrep WiFi,
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KaMepu TepeIHbOr0, 3aJHBOTO 1 OYHKEpHOTO BHY,
MIEPETBOPIOBAY BiJEOCUTHAITY B IU(POBHIL.

Cepen poO3TIITHYTHUX TATEHTIB Ta 3 METOI0 aHali3y
3I1PK Ta ix MexaHi3MiB, 3aCIIyTOBY€ Ha yBary MpHUCTpiil
JUISL KOHTPOJIIO TOCTPOTH pixkydwoi Kpaiikn Hoxka [11].
[pucTpiii A7 KOHTPOIIIO TOCTPOTH PLKYUOI Kpalku HOXKa
JIpobapky BKIIOYA€E JDKEPENO CBITNA Y BHIUIAAL Jlasepa i
kamepy. IlpuHIMO poOOTH HPUCTPOIO TOJSATaE B TOMY,
IO J1a3ep BUIYCKA€E MPOMiHb B HAMPSIMKY OJHOTO 3 HOXIB
npobapku. [Ipominb (HOpMyeThCSI ONTUYHUM IIPHUIAIIOM,
IMWIHAPUYHUN O0’€KTUB SKOTO BCTAHOBICHO MIXK
na3epoM i HoxeM. JlJist Toro, 1100 OTpUMAaTH pO3ropHyTHI
MPOMiHP B IUIOMIMHI, IO TIEPETHHAE PIKYTY KpalKy
HOXa, BHKOPHUCTOBYIOTH [3€pKalo, BCTAHOBJECHE Ha
MOBEPXHI HOXa 1 CTBOpIOE mpodiah OMOpPHOI JiHii
300paxeHHs TepeTHHy Hoxa. JlomaTkoBi kamepwn
BCTAaHOBJIEHI 3 METOI0 NPOBEACHHS CIIOCTEPE)XEHb 32
OTMOPHOIO JIHIEF0 HA JOAATKOBOMY I3€pKalli Tix
HEHYJIbOBUM KYTOM /10 IUIOIMHNA PO3TOPHYTOTO NPOMEHS,
SIK TIPaBUJIO, TMiJ{ KyTOM B Me&Xax Bix 45 mo 135°.

Pazom 3 THM, Oyn0 IpoaHaNi30BaHO PsI HAYKOBHX
npaip aBTOPIB, B SIKUX IPEICTaBlIeHI Kiacudikamis
pobounx opraniB 3IIPK [7] Ta mocmimkeHHS poOOUYUX
OpraHiB KOpMOIpOOAapoOK 3 BHKOPHUCTAHHAM TEXHOJOTiH
KOMII FOTEPHOL ronorpadii [6]. CucrtematuuHe
NPOBEJICHHS ONEepaliii KOHTPONIO Ha PI3HUX CTaIisx
TEXHOJIOTIYHOTO Tpollecy 1 cTaTucTudHa o0OpoOka
pe3yNbTaTiB  JI03BOJISIE BHM3HAYNTH IEpPiOJH, Ha SKUX
BUHHKAIOTH JIC(EKTH, a 1€ A€ MOXKJIMBICTb BCTAHOBHUTH 1
YCYHYTH NIPUYMHU BUHUKHEHHS OpaKy.

IIpu 1mpOMy 3MIHIOETBCS caMa CYTHICTh oOmeparlii
KOHTPOJTIO, IKi 3 TACHBHOTO (DIKCYIOUOTO SIKICTh TOTOBHX
BUpOOIB, CTalOTh AaKTUBHUM METOAOM KEpyBaHHS
TEXHOJIOTIYHHM ITPOIIECOM.

[Ipn HEepyHHIBHHX MOCHIKEHHAX i3 pealizamiero
na3epy Oe3nepepBHOrO BUIIPOMIHIOBAHHS JUISl TeHeparii
PE30HaHCHHUX MO/ KOJIMBaHb BUCOKOT'O MOPSIKY 1 HOIIYKY
aHOMaJii y iHTepQepeHUiiHUX CMYT Yy BiJHOBJIEHHX
rojiorpamMax 1 OTPUMaHUX METOJOM YCEpEeIHEHHS 3a
4acoM, € e(EeKTHBHHUM 3aCTOCYBaHHs YJIbTPa3ByKOBOTO
30y/I>KEHHS SIK HAaBaHTa)KeHHSI.

Komm’torepHy Tomorpadito, sk Oylio BCTaHOBIEHO,
JIOLIIBHO 3aCTOCOBYBATH IIPH JIOCITIPKCHHSAX HA BTOMY, a
TAaKOXX MaTepiayiB Ha MIIHICTh TIPH BUKOPHCTAaHHI
MEXaHIYHOTO 3THHY PDKY4YOro €JIEMEHTY, IO BKIIOYae
BEPTHKAJIbHO BCTAHOBJICHHH IMHEK i3 3aKpilICHUMH Ha
HbOMY HOKaMH. [yl oTpuMaHHs iHTeppEepeHIIHHUX CMyT
Ha TIOBEPXHI MOJOTKIB YH JIeK, BHUKOPHCTOBYIOTh
BUIIPOMIHIOBAaHHs Jia3epa i3 JBOMa XBWJISIMH pi3HOI
JIOBXHMHHU. Po0oTa iMIyNnbCHOTO Jasepa i3 OJHOYACHOIO
reHepalli€lo JBOX XBWIb PI3HOI JAOBXMHM NPOBEICHA i3
pozaineHHsM KOHTYpiB. Lleit MeTos 6a3yeTbcs Ha TakOMy
BHOODI BifcTaHi 0 eTajoHa (PEe30HAHCHOTO BigOMBaua),
mpu sKif IBa BIAOMTHX ITydKa 3HAXOIATHCS B MEKax
IIMPUHA JTiHII ()IyOpecleHIii ONTHYHO HAKAYaHOTO
pyOiHa. [HTepBam MiX JiHISIMH PI3KHX DPiBHIB HOBEPXHi
BU3HAYamoTh sIK [1, 6]:

_ 0
I_Al-AZ(Z-A/I-cosE), @
Je. /11, /12 — JOBXHWHHU XBUJIb BI/IHpoMiHI()BaHHH Jiazepa,

MKM;
AA — pi3HHIS TOBKUH XBHIIb, MKM;

0 - CHIOTTISIIAHHS i
HaIpsIMKOM OCBITJIEHHS, Paj.

Po3nozin HaBaHTa)XeHb 103BOJISIE BUBYATH HE TUIBKH
OKpeMi 30HM Ha JeTali, a TaKoX CHpPsDKEHI IMMOBEPXHi.
O06poOKa MOBEpXOHHh HE BIUIMBAE HA SKICTh MPOBEICHHS
KOHTPOJBHUX OTepaliii, HaBiTh y BUPOOHUYHNX YMOBaX.

Tomorpadist x 103BOJISIE TIPOBOIUTH BUMIPIOBaHHS
TPHOXMIpHUX  AM(DYy31HHO  BiZOMBAaIOYMX  HETJIOCKHX
MOBEPXOHb, OCOOJMBO, s  JeTajiell  MaluH 3
NpUroTyBaHHs KopMmiB. CMyru, IIO0 MOSBISIOTBCS Ha
300paxkeHHI MoJIoTKa (CBITJI 1 TEMHI), SIBISIIOTH COOOIO
KOHTYpH pIBHOTO TepeMilleHHs YacTHHH ITOBEpPXHIi
00’€KTa B3/IOBXK OCi CIOCTEPEKEHHS, a KOXKHA HACTYITHA
cMyTa BimoOpaxxae 3MIIIeHHs, piBHE MPHUOIM3HO MTOJIOBHHI

KYyT MDK HampsMKOM

JOBXHWHN XBHIII JOKepeiia KOI'€pEHTHOI'O
BHHpOMiHIOBaHH?[, BUKOPUCTAHOT'O NIpH Bi,I[HOBJ'ICHHi
roJjiorpamu.

Po3pi3usitoTh Taki OCHOBHHMX BapiaHTH METOMY
rosiorpagiuHoi iHTephepoMeTpil.

1) CrarnuyHa JBOEKCTO3MINHHA iHTEpHEPOMETpIs.
3amuc MpoBOJATh Ha OAHY 1 Ty %k (DOTOIUIACTUHKY — JIO 1
TICIIs IPUKIIaJCHHs CTATUYHOTO HAaBaHTAXKECHHS;

2) Juuamiuna inTephepomerpis i3 ycepeaHeHHIM
3a gacoM. Metoq 06a3yeThCsl Ha MOMOBXKEHIN EKCIIO3MIIiT
00’eKkTa, SKMA 3HAXOAUTHCS I MI€H0 IUKIIYHOIO YU
BiOpaIiifTHOro HABAaHTAXXCHHS, ITiJ{ YaC SKOTO MPOXOIHUThH
iHTepdepeHnis MK CYKYITHICTIO OKpPEMHX 300pa’keHb.
Haii6inpI 4iTKO TNpOSBISIOTBCS CMYTH, 3allMCaHi IpH
IIBUJIKOCTI 3MiHU CTaHy 00’€KTa, OJIM3BKOrO J0 HYJA - B
KpalHiX aMIUTITYTHUX MTOJIOKEHHSX;

3) Tonorpadiyna iHTEpdEPOMETPiL B peaNbHOMY
MacmTabi. 3a UM METOJIOM TIPOBOISITH 3aITUC TOJIOTPaMU
HEepyXoMoro o0’ekta, ii TIOBHICTIO OOpOONSIOTH i
BEpPTAIOTh TOYHO Ha Te caMe Micle B TosorpadiuHii
ycraHoBmi. [lotiM  00’€KkT, sSKHH  JOCHIKYIOTH
criocTepiralotb 4epe3 rosorpamy. JlioOe 3MmileHHs
00’eKTa TNPHUBOIUTH 0 BUSBJICHHS iHTEpP(EpeHIIHHUX
CMYT B peaJIbHOMY MacuITabi yacy;

4) Kowmm’toTepHa rosorpadis — HaiicydacHimmuit ii
BUSIB, KOJIM 3aCTOCOBYIOThH IIPOTpaMHe 3a0e3MedYeHHs st
CTBOPCHHSI YMOB 3allUCy TOJIOTpaM B IH(POBOMY BHII
IIpH MaTeMaTUYHiH 00pOOIIl OTPUMaHHUX Pe3yIbTATIB.

lomorpama mokasye KapTHHY 3MIIICHHS JAeTalli B
MPOMIKKY MK JBOMa €KCITO3MIIISIMA — JBOSKCIO3HIIHA
ronorpadis. [IpoBemeHi aBTOPOM MJOCHIIKCHHA Hall
3MOTy BIIEpIIe BCTAaHOBHUTH YMOBU BH3HAYCHHS CTaHiB
MOBEPXOHb JeTajei 1 BY3MIB CUIBCHKOIOCIOIAPCHKUX
MalKH OJM3bKHX O TPaHUYHHX a00 BiANOBIZAOYHX iM.
B mHacmimok toro, mo oOuaBa xBuieBi (GPOHTH, OTUH i3
KX HECe CBITJIOBY iH(oOpMAaIlilo i3 TOBEpXHI BIAOUTTS, a
IHIIWIA € OMOPHUM, CYMYIOThCSI B IUIOLIMHI €MYJbCil, TO
pO3MOAINT  IHTEHCHBHOCTI  3alUCy Ha  roJjorpami
BU3HAYHUTHCS yepes [6]:

2 2 2 *
I=|U,| +[U,, +U.[ + U} -[Us, + U, |+
+U,-(Us +U; )

Jie 31poYKa BKa3ye Ha KOMIIEKCHO-CIPSDKEHY (DYHKIIIIO;
U; — onopHa XBUJIS, M.
BimHoBnennit xBUIEBHE (QPOHT, NpH IBOMY Oyne
HpONOPUIHHUN XBHIILOBOMY (hpoHTY 300paxenHs [1, 2]:

O]
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U.=|Un +U, . (3)
i 01 O2

BigHoBiieHE 300pak€HHS OIKMCYETHCS BEKTOPHOIO
cymoro Bigmosimaux mosiB  06’exkta (Upr 1 Upgy).
[lepeminmieHHs, 1m0 PO3MIANAETHCA  rosorpagivHoOI0
iHTepdepemeTpieto, Maii B MOPIBHAHHI i3 MPOCTOPOBOIO
MPOTSDKHICTIO 00’€KTa, TO OKpemi Tons 00’ekTa
sanuurytbes [1]:

Us = Ay -€Xpi-k-@;
U, = A, -expi-k-p,.

Toni posmonin iHTeHCHBHOCTI (iHIAEKC ITO3HAYAE
XBIJIEBUH e(pekT 00’€KTa y BHIAAKY ABOX EKCIO3MIIIN),
TO BIJTHOBJICHE 300pakeHHsI 3amuIIeThes [5]:

L =|U,[ a2 4] x o
x {1+ coslk - (po, ¢, )]}

ne k=2rl1, Po, —Po, — HONATKOBA JIOBKUHA

4)

IUIIXYy TPOMEHIB, $Ka TOSBISIETBCS B PE3YNbTaTi
3MIIIEHHS 00’ €KTa, M.

Tonorpagiuna iHTepdepomerpist 103BONSE 3HANTH 1
BUMIpSATH HE3HAYHI 3MiHH (OPMH TOBEPXHI IIJITXOM
TTOPIBHSIHHSI KOXKHOI TOYKH Ha TIOBEpXHI netami i3 ii
3MiHEHHUM CTaHOM. Ham3BuyaifHa 9yTiHMBICTE MeTOIAa 1O
TTOBEPXHEBUX nedopmariii II03BOJISIE BUBYHTH
XapaKTePUCTHKH OKpeMUX YacTHUH 00’exTa,
CIIOCTEPIrarodd NepeMilieHHs Horo MOBEPXOHb I Ii€l0
Mmanux HaBantaxeHb [1, 6]. Lleit merox mictuth B cob6i
BEJIMKI  MOTEHWIHHI  MOXJIMBOCTI  JUIS  BUPIIICHHS
PI3HOMaHITHUX 3ajJad HEpPYHHIBHOI'O KOHTpPOJIO Y
BUSIBJICHHI Pi3HUX JIe(EKTIB.

11. 12
W
e 13
7 5 4
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Puc. 1. Ontnuna cxema cuctemu OPTOKAT st
CTBOPCHHS KOMIT OTEPHUX T'OJIOTPaM.

OcobaMBO  3pocrae  HOro poib B yMOBax
aBTOMATH3allii BHPOOHHIITBA — C(PEKTHBHOTO 3aco0y
YJIOCKOHAJICHHSI TEXHOJIOTIYHOTO MPOLIECY, SIK HEBiJ' €MHA
1 piBHOIIpaBHA JIaHKa, sIKa 3/1aTHA!

—  BU3HAYWTH SIKICTh BUPOOY;

—  BH3HAYHTHU MIIHICTh, CTIHKICT 10 Pi3HOTO POIY
HABAHTAXKCHb Ta BILIMBY 30BHIIIHBOTO CEPEIOBHUINA;

— HAUIMTH Ha  Kpame  KOHCTPYKTHUBHE 1
TEXHOJIOTIYHE PilICHHS;

— MATPUMATH MapKy (QipMu;

— 3amo0irTH BUHUKHEHHIO HeOS3MeUHNX CUTYAIIIH i
MIBUIIUTH OC3MEKyY Tpalli;

— 3HHU3UTH BapTiCTh BUPOOHUIITBA.

Jns nocimpkeHs Oynla BUKOPHCTaHa cucTeMa [6].

B 3amexxHOCTI Bil BHKOPHUCTOBYBAaHOTO METOIY
KOHTPOITIO, aITOPUTMH OOpOOKHM TEepBUHHOI iH(MopMarii
MOXYTh BIAPI3HATHCS, ajieé KIHLEBUH pe3ynbTaT Mae
BUTJIAN, SKHA HAWOIIBII € TMNPUAATHAM JIOJCHKOTO
CIPUUHSTTS, HANIPUKIIA], 300pakeHHsI KOHTPOJIHOBAHOTO
o0’exra (y miaHi, cxemMaTndHe abo y BHII TPUBUMIPHOL
MPOEKIIi) Ha K€ HAHECEHWH PO3MOALT MIyKaHOoi (i3maHOi
BeNMYMHN (HANpUKIaA, Kapra AedekTiB 1 ixHi ¢i3udHi

rnapamerpu),  KOMIT'IOTEpHa  ToJjiorpama,  CIIeKJ-
iHTepdepeHHiiiHa KapTHHA, TepMOrpaMa Ta iHIIe.
Komm’rorepHa romorpadist  BiAKpHBaE  IMIMPOKIi

MEPCIICKTUBH Y HAYKOBHUX JOCIIKCHHSX, SIKi ITOB’sI3aHi 13
BU3HAUYCHHSAM CTaHy HOBHUX Ta 3HOIICHHUX JeTaleit
KopMoapobapok. IlpoBeneHo mocmimkenHs (iznyHOrO
CTaHy po0OoYMX Opra”iB KOpMOApoOapoK TakuX, SK
MOJIOTOK (pHC. 2, a) Ta neka (puc. 2, 6) KOpMOIPOOAPKH.

6)
Puc.2. Kowmm’'totepHi rosorpaMu  3HOLIEHUX
Jetajieil KopMoAPOOAPKH: a — MOJIOTKa; O — JeKH.

3acTocyBaHHs ~ KOMIT'IOTEpHOi  rosorpadii y
MOEMHAHHI 13  MIKpOMETpaXXeM TIpH  JIOCHiPKEHHI
OUHAMIKM 3HOIIYBaHHA Ta OIIHKH JOIMYCTHMHX 1
TPaHMYHUX TIApaMeTpPiB MOJIOTKIB 1 JEK € HOBUM,
MEPCICKTHBHAM HAIPSIMKOM 3a0€3MeUYeHHs HaIiifHOCTi
KOpMOJIp0o0apokK i moapiOHIOBaviB KOpMiB. 3aCTOCYBaHHS

METOAIB HEPYHHIBHOIO KOHTPOJIO [1a€ MOXKJIHBICTH
JOOCATHYTH  BCTaHOBJECHOTO  HOPMAaTHBHO-TEXHIYHOIO
JIOKyMEHTAII €10 piBHA HaJiitHOCTI
CUTbCHKOTOCIIONAPCHKOI  TEXHIKM Ta 11 TEXHIKO-

€KOHOMI4HOT €()EeKTUBHOCTI.
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BucHoBku

1. Peamizarist mpeacTaBIeHUX METOAWIHHUX ITiIXOJiB
crpusie 3MEHIICHHIO BHITYCKY Je(QeKTHOI MPOIYKIIii,
CTBOPIOE y CIHOXKMBada BIIEBHEHICTH y BHUCOKIH SKOCTI

CLITBCBKOTOCTIOaPCHKOL TEXHIKH Ta 3arooirae
BUHMKHEHHIO aBapiiHMX cHTyanii B mpomeci i
eKCILTyaTarfii.

2. BaximmBuMHM 1 aKTyaJbHUMH B  Hampsmi

MMJBUIIEHHSA HAAIMHOCTI CKIAJHUX TEXHIYHHUX CHCTEM,
Moriii © Oyru HaykoBi poOoTH, B sKux Oyaun O
BifoOpaxkeHi acnekTH iHQopMmauiiiHOro 3abe3neueHHs
CKJIaIHOL CLIBLCHKOTOCTIOAPCHKOT TEXHIKHY, Ta
BiNOBITHICTh 1H)KEHEPHO-TICXOJIOTIYHUM BHMOTaM [0
MalMH. B 1bOMYy KOHTEKCTi, IEpPCICKTUBHUMHU €
OCTIDKCHHS  IH)KCHEPHO-TICUXOJIOTIYHUX ~ BHUMOT  JIO
MamuH: 10 3aco0iB  BimoOpaxeHHs iH(opmarii; 10
Oprasis KEpYBaHHS; o nooyI0BH CHCTEMU
BiJI0OpaXeHHs 1 BUBEICHHS iH(OpMAITii.
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HEKOTOPBIE ACITEKTBI UHOOPMALIMOHHOI'O
OBECITIEYEHHM A PABOTOCIIOCOBHOCTHU
CJIOJKHOM CEJIbCKOXO3SMCTBEHHOI

TEXHUKUA
A. B. Hosuyxuii, C. C. Kapabunvou
AnHoTauusi. OIHUM W3 OCHOBHBIX HampaBJICHUH

TEXHUYECKOM 9KCIUTyaTalUuH CJIOKHOM
CEJIbCKOXO035UCTBEHHOM TEXHHUKHU SBIISICTCS ee
s peKTHBHOE (YHKIIMOHUPOBaHHE Ha OCHOBE

COBPEMCHHBIX TEXHOJIOTU oOecreueHus HaJCXXHOCTHU C

NPUMEHEHHEM CPEICTB  KOHTPOJs [apaMeTpoB X
TEXHUYECKOTO COCTOSIHUS. B CIIOXKHBIX
CENIbCKOXO3SIMCTBEHHBIX MAIIMHAX IPEAYCMaTPUBACTCS
ABTOHOMHO® obopynoBanue, c HOMOIIBIO

COOTBETCTBYIOIUX NAaTYNKOB WHPOPMHPYET O PEaTbHOM
COCTOSIHUM CHCTEMBI U IlepefacT HHPOPMALUI0 Ha MyJIbT
ynpasieHus. MHpopMmanns O TEXHHYECKOM COCTOSHUU
TEXHWKMA BaXKHa IS OLEHKH JOCTHTHYTOTO YPOBHS €€
HaJIe)KHOCTH U TIPUHSATHUS PEIICHUM, C OAHOM CTOPOHBI 10
€€ TIOBBIIIICHUIO NPU MPOSKTHPOBAHNHN U MIPOU3BOJICTBE,

¢ Jpyroi CTOPOHBI  —  JUIs obecrieueHust
paboTrocroco6HOTO COCTOSTHHS B npouecce
SKCILTyaTalyy.

YcraHoBIEHO, 4TO npu Hepa3pymaronmx

HCCIICOBAaHMUAX C pealn3alueil J1a3epoB HENPEPHIBHOIO
U3JIYy4YCHUA IJId r€Hepalui pE€30HAHCHBIX MO/ KOHe6aHl/lI‘/II
BBICOKOTO  TIOpsSOKa W TOWCKAa  aHOMaluid B
HHTep(PEPEHIIMOHHBIX ~ IMOJIOC B BOCCTAHOBJICHHBIX
roJorpaMMax W IIOJIYYEHHBIX METOAOM YCPEIHEHHS IO
BpeMEHH, SBIACTCS  JIPQPEKTHBHEIM  IPUMCHEHUEM
YIIBTPa3BYKOBOTO BO30YKICHUS B HaTpY3Ky.
Tonorpadguyeckyto UHTEPPEPEHIUIO C HMITYJIbCHBIMH
JazepamMH, Kak OBUIO YCTaHOBJIEHO, IIeJeco00pa3Ho
NMPUMEHATL IIPU HUCCICA0BAHUAX Ha YCTAJIOCTb, 4 TAKKE
MaTepuaioB Ha IMPOYHOCTH npu HUCIIOJIb30BAHUHU
MEXaHHYECKOro Cruda peXyIIero 3JIeMEeHTa, BKIIoYas
BEPTUKAJIIBHO yCTaHOBJ’IeHHLIf/'I IMHECK C 3aKpCIJICHHBIMU
Ha HeM HOXamu. J{ns monydeHuss WHTepEpESHIIMOHHBIX
MOJIOC HAa TIOBEPXHOCTH MOJIOTKOB WJIH JIEK, HCIIONB3YIOT
U3IYYCHHUE Jla3epa ¢ IBYMsI BOJHAMH Pa3InIHOMN JTHHBL

Peanmzanus MPECTABICHHBIX METOIMYCCKUX
MOJIXO/J0B  CIOCOOCTBYET  YMCHBIICHHIO  BBITyCKa
Ie(eKTHONH MPOAYKIWH, CO3MaeT y  MHOTpeOUTems
YBEPECHHOCTH B BBICOKOM Ka4yeCTBEC
CEJIbCKOXO3SMCTBEHHOM TEXHUKM U  MPEeAO0TBpalIlacT
BO3HUMKHOBEHHE aBapUUHBIX CUTyalluid B IIpoliecce ee
9KCIUTyaTaIlHH.

KaloueBble cioBa: TEXHUYECKOE  COCTOSHHE,
HaJIe)KHOCTb, rosorpadus, nHTepPepomMeTpus,
Hepa3pyLIaUUi KOHTPOIIb, MAIlINHA, CUCTEMA, ACTAIIH.

SOME ASPECTS OF INFORMATION SUPPORT FOR
THE OPERABILITY OF COMPLEX AGRICULTURAL
MACHINERY
Novitskiy A. V., Karabinyosh S. S.

Abstract. One of the main areas of technical
operation of complex agricultural machinery is its
effective functioning on the basis of modern technologies
of ensuring reliability with the use of means of controlling
the parameters of their technical condition. In complex
agricultural machines, stand-alone equipment is provided,
which, with the help of appropriate sensors, informs about
the actual state of the system and transmits information to
the control panel. Information on the technical state of the
equipment is important for assessing the level of its
reliability and decision-making, on the one hand, on its
increase in design and production, and on the other hand,
in order to ensure the working status during operation.

For the analysis of the state of the technical level of
machinery and equipment in the field of precision
livestock breeding, automation and robotization, a patent
review was carried out, which resulted in the selection of
relevant information for the purpose of systematization,
analysis and identification of trends in the development of
this area. It is established that in the non-destructive
research with the implementation of lasers of continuous
radiation for the generation of resonant modes of high-
order oscillations and the search for anomalies in
interference bands in restored holograms and obtained by
averaging over time, the application of ultrasonic
excitation as a load is effective. Holographic interference
with pulsed lasers, as it has been established, should be
used for fatigue studies, as well as materials for durability
when using the mechanical bend of a cutting element,
which includes a vertically mounted screw with knives
fixed to it. To obtain interference bands on the surface of
the hammer or deck, laser radiation with two waves of
different lengths is used.

The implementation of the presented methodological
approaches helps to reduce the production of defective
products, prevents emergencies in the process of
exploitation and creates the consumer's confidence in the
high quality of agricultural machinery.

Key words: agricultural machinery, technical systems,
conditions, reliability, holography, interferometry, non-

destructive control, machine, system, details.
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Abstract. Physical and chemical parameters of
chops model compositions using flax seeds was studied.
Found that using of flax seeds in the chops model
compositions in the amount of 5% promotes the water-
retaining capacity, therefore, the texture and richness of
products are improved.

Key words: chopped semi-finished products, model
compositions, flax seed, fatty stuff, physical and
chemical, structural and mechanical properties.

Introduction

Chopped semi-finished products are made from
minced meat. These are burgers, steaks, schnitzels, round
steaks. Except using of raw meat in their production
melange, egg powder, wheat bread, soy and milk protein
preparations, plasma, onions and vegetables (cabbage,
potatoes, carrots) and rusks flour and spices are used.

Formulation of Problem

Natural semi-finished products from only chopped
meat are rarely made due to technological reasons, in
particular because of poor structure of meat, as well as
economic reasons. Other ingredients that are used in the
manufacture of chopped semi-finished products are
usually cheaper than meat, which reduces the cost of the
final product. Such additives like bread, potatoes, egg
products, meat proteins stabilize the structure and
improve the consistency of finished products [1, 2].

Analysis of Recent Research Results

Cutlets, steaks, schnitzels, rump steaks, minces are
produced in chilled and frozen state. Chopped semi-
finished products, which are produced only in frozen state
include meathalls, knels, croquettes, dumplings, curd
dumplings and ravioli [3, 4].

Frozen food market today is quite developed, and
frozen foods have become a fixture of life in the big city.
Their use can significantly reduce the cooking time, give
some free time for consumers to communicate with
family and friends [5, 6].

The most popular semi-finished meat products
remain to ravioli group. At the same time the leading
position in growth rate chopped semi-finished products
have: the annual growth of production is 10-15%, which
is two times higher than the increase in production of
ravioli (5-7% per year). The reason for such significant
growth in demand for chopped semi-finished products
groups is increasingly widespread development of fast
food chains, many of which include burgers and other
minced meat dishes in the menu [7, 8, 9, 10].

One way to improve the quality of products and
improve the structure of nutrition in the diet is the
introduction of new non-traditional types of material of
vegetable origin. Created products should contain a
balanced set of proteins, lipids, minerals, vitamins, and
ballast substances, also should have high taste properties.
Such kind of products in the future semi-finished product
produced with the use of flax seeds in the recipe will
become.

Flax seed is a special dietary food product, which has
unique properties. It contains protein of high biological
activity, which in its composition is close to the ideal
protein. According to the literature, flax seed is a valuable
source of various biologically active substances. It
contains 18 - 20% protein, 29 - 43% lipids, 20 - 22%
carbohydrates, 3,5 — 5,0% ash. The content of chemical
substances in flax seed depends on the degree of maturity,
features of a variety and the area of cultivation.

In this context, and due to the lack of functionalities
in Ukrainian food products market scientific basis and
development of chopped semi-finished products
technology using functional ingredients of plant origin,
including flax seed is important.

Purpose of Research
The aim of this study was to investigate the
possibility of using flax seed in the technology of meat
products, including chopped semi-finished products.
Results of Research

The study was conducted in the laboratory of the
department of the meat, fish and seafood of National
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University of Life and Environmental Sciences of
Ukraine.

In the production of meat products was used: beef
meat cutlets (TY V¥V 46.38.031), trimmed pork fat,
drinking water (TOCT 2874); bread from wheat flour of
first grade ('OCT 27842); bread crumbs (IOCT 28402);
salt of first grade (JICTY 3583).

In the experimental samples of chopped semi-
finished products fatty material was replaced to flax seed
flour in amount of 5% (2nd research sample), 10% (3rd
research sample), 15% (4 research sample), respectively.
As a control sample chopped semi-finished products were
taken manufactured according to JICTVY 4437.

In the performance experimental studies were carried
out by the following methods: moisture content - dry the
sample to constant weight at 105 ° C (TOCT 4288-76 );
proteins - determination of total nitrogen by Kjeldahl
method (1 Antipova L. et.al. 2001), lipids - accelerated
method with the use of butyrometer [11] extraction-
weight Soxlet; carbohydrate content - calculated by the
actual content of the samples moisture, protein, lipids ,
minerals; ash content - by ashing method; active acidity -
potentiometric method at pH metrminivoltmeter pH-673
M; water-binding capacity - rapid method of Grau and
Hamm in the modification of Volovinskoyi, Kelman;
moisture and fat-keeping ability and stability of mince -
by Salavatulinoyi method, etc., water-binding capacity -
by Shoha, water absorption ability - by centrifugation; the
maximum voltage shift - using automated penetrometer
AP-4/2; adhesion properties - in a laboratory setting by
Tyshkevych, weight loss during heat treatment of
products - weighing before and after heat treatment (after
cooling to a temperature of 40 + 2 ° C).

The reliability of experimental results was evaluated
by mathematical statistics using Student criterion, the
degree of confidence — 0,95.

One way to ensure profitability of the meat
production enterprise is modernization of finished
products. Modern development of food industry has
created conditions for the emergence of food
combinatorics the process of creating new types of
formulations of food by well-founded quantitative
selection of basic raw materials, ingredients, food
additives, biologically active additives, the combination
of which ensures the formation of the desired
organoleptic, physico-chemical properties of the product,
given level of food, biological and energy value.

In the manufacture of culinary products, including
chopped semi-finished products state of moisture in the
meat is very important - the amount of moisture held in
mince and the form of its relationship with the
components of meat. State of water in mince can be
represented by the following dynamic scheme: solidly

bound moisture < weakly bound moisture < weakly
bound excess moisture.

In this scheme solidly bound moisture is mostly
moisture adsorption moisture; weakly moisture provides
optimum richness and texture of the product, weakly
bound excess moisture appears during heat treatment of
the product. The finished product containing as much
water as needed to cover its ability to keep solidly and
weakly bound moisture has optimal structural and
mechanical properties. At the same water content
increasing of solidly bound moisture part in mince causes
the increasing of its hard creating properties. On the
contrary, reducing of its part leads to a shift of balance
and the separation of excess moisture during heat
treatment of the product - spoilage and reduction of
product yield.

Due to the fact that in the production of chopped
semi-finished products the amount of moisture held by
meat system as well as forms of its relationship with the
components of meat has a great practical importance, we
have investigated the dependence of water-binding
capacity and moisture of model minces on the content of
flax seed in it.

The study of physical and chemical parameters of
model food compositions of chops (table 1) indicates that
the active acidity of prototypes slightly decreases with the
increasing of flaxseed flour content, which has a lower pH
level.

Thus, the result of experimental studies found that
total moisture content in the research samples remained at
control sample, but there is a change in the ratio of solidly
and weakly bound moisture. Thus, the 2-sample test, with
5% fat substitute with raw flax seed flour the part of
weakly boundmoisture by 6,0% lower than in control.
This explains the more elastic, tough texture and richness
of research sample of cutlet weight compared with
controls as it was determined organoleptically. With
increasing of flaxseed flour content in the cutlet mass the
quantity of weakly bound moisture decreases as water-
binding capacity increases accordingly (table 2). In
particular, the water-retaining capacity of model food
composition of control samples was 41,9%, whereas in
the research samples, the figure fluctuated between 60,9%
(4th sample) to 64,7% (2nd sample). This difference was
statistically significant (p <0,05).

As a result of experimental studies it was found that
with increasing of water-binding capacity of meat, water-
retaining, on the contrary, decreases. Experimental model
samples of food compositions in which the formula 5% of
fatty material was replaced to the flaxseed flour (2nd
sample) had the best functional and technological
properties.

Table 1. Active acidity and quantity of weakly bound moisture in model food compositions with flax seed.

Samples Active acidity, pH Moisture Weakly bound moisture content, %
’ content, % of sample weight of general moisture
1- control 5,52+0,07 72,6+0,8 26,5+0,7 35,9+1,0
2-research 5,51+0,05 71,8+0,7 24,9+1,2 33,9+1,4
3- research 5,48+0,06 71,5+1,3 23,2*+0,9 32,7*+1,0
4- research 5,47+0,04 71,1+0,9 21,9*+0,8 30,3*+1,1

Note. * Difference with the control sample is statistically correct, p <0,05.
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Table 2. Functional and technological parameters of model food compositions.

Samples Water—pinding Water—rfetaining Fat—ret.aining Weight loss during
capacity, % capacity, % capacity, % heat treatment, %
1- control 41,9421 68,8+0,3 81,9+2,1 18,7+0,9
2-research 64,7*+1,3 67,9*+0,4 83,0+1,9 20,4*+0,6
3- research 62,8*+1,1 66,4*+0,5 83,2+2,2 20,8*+0,4
4- research 60,9*+1,3 66,9*+0,6 83,5+2,3 21,5*+0,7
Note. * Difference with the control sample is correct, p<0,05.
Table 3. Structural and mechanical parameters of model food compositions.
Boundary shear stress, Pa .
Samples semi-finished products finished products Adhesion, Pa
1- control 412416 2830+110 2889+90
2-research 408412 3318*+125 27584110
3- research 393+17 3318*+120 29544120
4- research 352"+15 3651*+158 3150*+140

Note. * Difference with the control sample is correct, p<0,05.

Fat-retaining ability of model cutlets with adding of
flax seed flour, on the contrary, increased compared with
controls: in the recipe where 5% of fatty material was
replaced to the flax seed flour (2nd sample) - by 1,6%; in
experiment 3 with 10% replacement of the fatty material -
by 1,5%. Relative fat-retaining ability of samples
increases in direct proportion to the content of flax seed
flour in the cutlet weight and therefore decreases in the
proportion of fatty material. Thus data of improving the
ability of fat-retaining ability in meat products using
herbal supplements is proved.

Effect of additives on moisture and ability to
determine changes cutlet weight loss when cooked. To
determine losses during heat treatment and the content of
essential nutrients in the finished product with model
compositions flax flour formed patties and fried. Found
that during frying samples lost more weight than the
control. Thus, the weight loss during frying 2 prototypes
with the highest content of flax flour is 21,5%, which is
2,8% more than in controls. These findings are consistent
with studies of water-retaining ability of the model
compositions flax flour.

Thus, the replacement of more than 15% of fatty
material to the flax seed flour is impractical, because it
causes the worsening of functional and technological
characteristics of the system and organoleptic properties
of the finished products.

To assess the influence of flax seed flour on the
structural and mechanical properties of model food
compositions boundary shear stress and adhesive
properties were studied (table 3).

Study of rheological properties of model
compositions with flax seeds showed that adding flax
seed flour in cutlet weight increases shear stress to the
maximum. When replacing 5 and 10% of fatty material
shear stress in the cutlet mass is close to its rate in the
control, which is 416 Pa.

Adding flax seed flour to the cutlet weight in the
amount of 15% (4th sample) increases the adhesion
ability in the cutlet weight, on the contrary from 5 and
10%.

After heat treatment (roasting) of semi-finished
products of model compositions with flax seeds
dependence of shear stress takes the opposite character:

with increasing of flax seed flour content its value
increases. It should be noted that in the experiments with
the replacement of fatty materials from 10 to 15% the rate
of shear tress is higher than the rate in the finished control
sample (2830 Pa).

The observed differences in structural and
mechanical properties of the control and research samples
is coordinated with the results of organoleptic evaluation
of finished products and water-retaining capacity of cutlet
weight.

Conclusions

1. Thus, according to the obtained data, with the
decrease of flax seed flour in semi-finished products
water-retaining capacity increases and, consequently,
texture and richness of the products improves.

2. Summarizing the data, we can conclude that, due
to the consistency of finished meat products, it is
reasonable to limit the replacement of fatty material at
5%.
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OI3MYHI I XIMIYHI TAPAMETPU MOJEJIBHUX
KOMIIO3ULIIM BIJIBMBHUX 3A JIOIIOMOI' OO
HACIHHAA JIbOHY
A. I Bepemuncwoxa, 0. I'. Cyxenxo, H. M. Croboosniox

AHoTauis. By BHBYCHI ¢izuKo-ximMidHI
mapaMeTpd  Mojelieli  KOMMIO3WIIH  BiIOMBHHX 3
BUKOPHCTaHHAM HACiHHS JIbOHY. BcraHoBieHo, 110
BUKOPHCTaHHS HACIHHSA JIbOHY Yy KOTJIETHHUX MOJEIb
KOMITO3HIIISIX B KUTBKOCTI 5% MiIBHUIY€E BOJOYTPUMYIOTY
3IaTHICTB, TOMY, TEKCTypa 1 COKOBHTICTh IPOIYKTiB
TOJIIITYETHCS.

KarouoBi  cmoBa:  pybani  HamiBdaOpukarty,
MOJICJIbHI CKJIM, HACIHHS JIbOHY, KHPHI pedi, (i3uKo-
XIMi4Hi, CTPYKTYpHO-M€XaHIuHi BIACTUBOCTI.

OU3BNYECKUE U XUMUYECKUE ITAPAMETPbI
MOJIEJIbHBIX KOMITO3UI{Mi1 OTBUBHBIX
C [IOMOIIbIO CEMEHU JIbHA
A. U. Bepemunckas, IO. I'. Cyxenko, H. M. Cnoboosnrok
AnHoTtanmsi. Beuti u3ydeHbl (U3MKO-XUMHUYECKHE
mapaMeTpbl MOJleHeﬁ KOMIIO3UIIMHU C HCIIOJIb30BAHUEM
CEeMsIH JIbHA. Y CTaHOBJIEHO, YTO HCIIOJH30BAHHUE CEMSIH
JIbHA B MOJEINSX KOMIIO3HUIIMM KOTIIET B KoJandecTtBe 5%
MOBBIIIAET BOJOYICPKUBAIOLIYIO CLIOCOOHOCTb, MO3TOMY,
TEKCTypa U COYHOCTh IPOJYKTOB YITyUIIAeTCsI.
KiroueBble ciioBa: pyOsieHble TomydhadpuKaThl,
MOJICIBHBIC COCTaBBI, CeMs JIbHA, YKUPHBIC BEIH, (DU3UKO-
XUMHYECKHE, CTPYKTYPHO-MEXaHUUCCKUE CBOICTBA.
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Abstract. The paper considers the technological
process of sugar beets cultivation as a single object of
modeling. The aim is to investigate the interrelation of
separate technological operations and evaluate the techno-
logical efficiency of the beet cultivation. The study of
technological processes based on the simulation allows us
to investigate interconnections, to highlight technical and
economic indicators, to evaluate the impact on profitabil-
ity, to determine the directions of development and ways
to improve the technical and technological basis of the
beet production industry.

Key words: sugar beets, technological process,
technical tool, simulation, pre-sowing tillage.

Introduction

Sugar beet is a highly productive plant that allows
receiving high profits while using an integrated approach
to the technology of its cultivation. Although specific
successes are achieved in the sugar beet cultivation in
Ukraine, the constant task is set to increase the yield of
sugar beet further, to significantly reduce losses during
cultivation and, especially, during harvesting, to improve
the technological qualities of raw materials surrendering
to the factories.

Given the natural and climatic differences in sugar
beet cultivation areas in Ukraine and based on the experi-
ence of agrarian countries, the cultivation of sugar beet
should develop with high technical and technological reli-
ability. The main priorities for development are high
productivity (working width, working speed, etc.), multi-
functionality one unit of soil cultivation and sowing oper-
ations, inter-row loosening and fertilization, single-phase
harvesting of tops and root crops, etc.).

Formulation of Problem

An essential aspect of the sugar beet cultivation
technology is careful compliance with all regulatory re-
quirements, namely: optimally-early and short deadlines;
ensuring a required depth of seeding when placed on a
sufficiently densified bed with a layer of lumps of loos-
ened soil sprinkled; observance of set intervals between

seeds. Essential prerequisites for the formation of highly
productive crops are: determining the timing of sowing
sugar beet, soil temperature, soil physical properties, i.e.,
the soil ability to crumble without sticking to the working
organs of agricultural machines. Also, it is necessary to
take into account the climatic differences between the
zones (sufficient, insufficient and unstable moisture) in
Ukraine.

The process of growing sugar beet is a complex pro-
cess and includes several components. The main ones are:

—tillage (spring and pre-sowing);

—soil fertilizing;

—sowing and formation of optimum standing densi-
ty;

—the fight against weeds, pests, and diseases;

— harvesting with the least losses.

The purpose of tillage for sugar beet is to create fa-
vorable conditions for their cultivation. It requires water-
air and nutrient soil regimes. All measures are directed to
the creation of an arable and transitional layer to structure
optimal for the cultivation of sugar beets.

Tillage is in close correlation with the specific soil-
climatic conditions of the sugar beet growing area. It is
necessary to decide on the choice of the technology of the
main and pre-sowing tillage, taking into account the soil
specification and weather conditions, technical possibili-
ties, and the timing of sowing. But at the same time, it's
important to achieve optimal soil condition for seed ger-
mination, growth, and development of sugar beet seeds.

Modern soil tillage tools allow preparing the soil for
sugar beet sowing in 1-2 passages. When the soil is ma-
ture physically, the field for sowing sugar beet can be
prepared in one pass. This is an important element of en-
ergy saving and a prerequisite for high-quality sowing.
The main mistakes during presowing tillage are early start
of work on damp soil; an excessive number of working
passes because of separate operations are not combined in
one combine, the high working speed of aggregates, deep
pre-sowing loosening. One more mistake is pre-sowing
tillage is carried out at a small angle to the direction of
sowing.

The perfection of the working tools of machines is
an indisputable factor of influence on the level of the field
seeds germination. Working tools of agricultural ma-
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chines are designed to perform the technological process-
es of presowing soil cultivation qualitatively, seeding in
the soil, depending on its mechanical composition, densi-
ty, and humidity.

Based on the characteristics of sugar beet sowing
mentioned above, it is necessary to find the optimal pa-
rameters of the working tools of cultivators and seeders.
Improved working tools can facilitate the reception of
uniformly distributed seeds in rows, full and synchronized
shoots and, consequently, "starting" growth and develop-
ment of plants, ultimately - to increase crop yields. Thus,
it is reasonable a comprehensive study of the technologi-
cal processes of sugar beet growing with the development
of models.

Analysis of Recent Research Results

The technology of sugar beet cultivation includes
such fundamental technological processes as early spring
and autumn plowing, pre-sowing soil cultivation, sowing,
growing, harvesting. As the analysis shows, the efficiency
of these processes depends significantly on the agrocli-
matic conditions and the working tools of the machines,
which ensure the execution of individual technological
operations and constitute of a particular process. In this
case, the decision-making is wholly based on previous
experience and expert judgments [1, 2], technological
operations are considered separately [3, 4], the parameters
of the working tools are investigated experimentally un-
der stringent constraints [5-7], the simulation is usually
carried out with a large number of assumptions and is
aimed at describing the physical processes on individual
technological operations [8, 9].

The analysis of publications on the optimization of
technological processes for the production of sugar beet
leads to the formulation of the task of aggregate consider-
ation of complex technological processes for sowing,
growing, harvesting and processing of crops by mathe-
matical models. In works [4, 10-14] separate technologi-
cal processes are considered, and the choice of working
tools of agricultural machines under difficult agroclimatic
conditions is justified.

Research on the development and improvement of
domestic technologies for growing and harvesting sugar
beet are conducted in publications [6, 15]. The classifica-
tion of harvesting machines and their working tools is
carried out according to the conditions and methods of
harvesting and given in [16, 17]. Experimental data and
analytical dependencies of the technological process of
pre-sowing tillage were obtained, the geometrical model
of the working surface of a soil-working tool was pro-
posed in [18]. Empirical regression models of the varia-
tion coefficient of stack placement were obtained depend-
ing on the speed of the sowing unit and the seed sowing
rate in the seeding of the pneumatic and mechanical type,
and production studies of seeders were conducted [19].
A mathematical model of the seed fall trajectory is pre-
sented in [20]. The basic principles of imitative statistical
modeling of the technological process of sugar beet culti-
vation are developed and given in [21].

Among other cultivating field crops, sugar beets are
most demanding in soil-climatic conditions, as well as in

the working tools of machines which perform some com-
plex technological processes for their cultivation and har-
vesting. Therefore, the production of sugar beet is deter-
mined by the level of intensive technologies used and the
perfection of technical means at all stages from pre-
sowing tillage and sowing of seeds in the spring until the
beet harvesting in the autumn. The problem of choosing
the most informative features of the technological pro-
cess, developing system indicators and computational
algorithm, taking into account the probabilistic nature of
the operating conditions are poorly studied nowadays.

Purpose of Research

The work aims to develop a simulation model of the
interrelation between the main technological processes of
sugar beet cultivation to assess the effectiveness of the
technology as a whole.

Results of Research

In this paper, the technological process of sugar
beets cultivation as a single object of modeling is exam-
ined with the aim of investigating the interrelation of sep-
arate technological operations and evaluating the effec-
tiveness of technological processes of sugar beet produc-
tion.

Simulation modeling is a method of constructing a
model of an existing or projected system and setting up
experiments on a model. The components of the simula-
tion model are the structure of the system, i.e., a set of
element descriptions and connections between them;
means of reproducing the behavior of the system. Such
information as a whole has a logical-mathematical charac-
ter and is represented in the form of algorithms set de-
scribing the dynamics of the system functioning.

The advantages of simulation modeling are that it is
based on the methodology of system analysis. It allows
carrying out studies of the projected or analyzed system
according to the scheme of operational research. This
scheme includes the following interrelated stages: a
meaningful statement of the problem; development of a
conceptual model; development and software implemen-
tation of the simulation model; checking the adequacy of
the model and evaluating the accuracy of simulation re-
sults; planning experiments; making decisions. So, simu-
lation modeling can be used as a universal approach for
decision-making under uncertainty and for taking into
account in the models of hard-to-formalize factors. Also,
simulation modeling is applied the basic principles of the
system approach in solving many application tasks, in-
cluding the development of technical means and techno-
logical process of sugar beet production.

The technology of cultivation and harvesting of sug-
ar beet includes some complex technological processes.
For example, the preparation of the soil for sowing in the
spring includes early springing and loosening of the plow-
land, which begins as soon as it becomes possible to enter
the field, and the pre-sowing tillage is carried out imme-
diately before sowing, and its beginning is determined by
the degree of ripeness of the soil. Let's consider two main
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technological processes; they are pre-sowing soil cultiva-
tion and sowing. They largely determine the results of the
entire technological chain.

Presowing tillage of the soil is carried out to a depth
of 2-4 cm to destroy weeds and loosen the surface layer to
create conditions for seed placement at the required depth
and to produce even shoots.

Sowing with high-quality seeds in a well-treated soil
at a given depth and regularly spaced distribution along a
row in a favorable period ensures even shoots. Both pro-
cesses are parts of the twin process.

Any technological process can be represented in the
form of a multichannel multistage queuing system with
repeated (reusable) service of requests. A large number of
factors that need to be taken into account, the random
nature of ongoing processes, as well as a large number of
parameters and variables, makes it necessary to consider
the technological process of sugar beet cultivation as a
complex system. Analytical methods of queuing theory
cannot be applied to such complex systems. Analytical
methods of queuing theory are mainly limited to relatively
simple single-channel and multichannel one-stage sys-
tems with steady-state service conditions and an exponen-
tial distribution of random variables. Thus, it is proposed
to use means of directional simulation.

We now turn to the formalized description of techno-
logical processes as a complex queuing system, for which
we distinguish two of its components:

1. The serviced system (SSs) is a heterogeneous flow
of service requests. Each type of request is characterized
by its parameters. The initial parameters for each techno-
logical operation are regulatory requirements, agroclimat-
ic conditions, and so on. As a result of the processing
(simulation of the technological operation), the request a
number of characteristics is assigned describing the effect
obtained (values of evaluation criteria, application param-
eters for the next process operation).

2. A service system (SS;) is a set of technical facili-
ties that provide services for incoming requests. As is
customary in the theory of queuing, technical means are
called maintenance devices. Thus, SS; consists of some
maintenance devices that are characterized by their pa-
rameters. As such devices, the working tools and agricul-
tural machines available for performing certain technolog-
ical operations are considered. Each device is character-
ized by its own set of parameters, the values of which are
determined as a result of the experiment.

We introduce the structure-parametric spaces U and
G, each point of these spaces determines, accordingly,
SS; and SS,. So, we can say that U is the destination
space of the technological process, in which the structure
and parameters of SS; are determined, and each of its
points is characterized by the following main indicators:

- many types of the requests;

- parameters of the j-th type of the request.

By analogy, under the space G, we mean the func-
tional purpose space of the technological process, in
which the structure and parameters of SS, are determined,
and the following main indicators characterize each of its
points:

- a number of maintenance devices;

- parameters of the i-th device.

Let's assume that to each technological process there
corresponds a partially ordered set P(g,u,Q,X) of re-
quest mation routes, where Q is the set of parameters de-
scribing interrelations of various types between separate
elements. Partial ordering of routes is determined by the
probabilistic parameters and the variables of the techno-
logical process. In the particular case, Q is a square ma-
trix, which consists of zeros and ones, and determines the
relationship between the service devices. All units above
the main diagonal determine the possibility of switching
from the i-th device to the j-th, and below the main diago-
nal - in the opposite direction.

The vector X e X(g,u) consists of indicators that de-
termine the discipline of service. X(Q,u)is a variety of

options for service disciplines, which are formed by an
expert. In turn, each type of request corresponds to some
partially ordered subset of routes P; < P(g, u,Q,i).

Let's assume that to each service device (element) gi
or subsystem gl, there corresponds in U some given

hypersurface T; gi,i,u):o. Partitioning into separate

subsystems is carried out based on pre-adopted principles
and indicators. Such principles are as following the func-
tional purpose of individual SS; elements, the minimum
effect of loading certain elements on others, and so on.
Thus, we restrict the element (or subsystem) capacity:

ri(gi,i,u)so,ieM, X e X(g,u) 1)
In addition, we introduce the notion of hypersurfaces
r;:(gi ' X, u): 0,k €S that are integrally defined by the

capacity or other indices of all or a subset of subsystems
SS,. By analogy, they correspond to a set of S constraints

F;(gi,i,u):o,kes, xeX(g,u) (2

As a result, a specific parametric domain D(g,X)
with a parameter X ei(g,u) is defined in the space U. It
characterizes the set of variants SS; that can be serviced

by SS;.
_ u:F-gi,i,u <0jeM
D(g.%)= *'(_ ) )
I (g, X,u)<0keS
SS; has the task to service the flow of requests based

on the goals and objectives. Let's assume that such a goal
is the vector V,, which determines the planned indicators

ol = {q)gj}and completely coincides with some value of

ueU, because in this case, the planned area consists of
one point. The j-th component (pg can be the mathemati-
cal expectation of a random variable that determines the
receipt of the j-th type requests in the system or another
indicator, which characterize the SS;.
Let go is the initial state of SS;, and Dy (g,,X) is a
partin U and
V? e Dy(go, X XGYS(QO,VO) (4)
Let H(go,i,vo) is the program that simulates the

technological process. We assume that the numerical val-
ue of the function characterizes the functioning of tech-
nical means

Fo = FO(gO,Y,VO) (5)
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In the case that condition (4) is not fulfilled, it is
necessary to change the structure and parameters of SS,.
The function (5) is algorithmically defined and is deter-
mined by the simulation model of the technological pro-
cess.

Let's consider the static formulation of the problem.
It is necessary to determine the optimal composition
(structure) g=(g0,8) of technical means, the discipline of
maintenance of the technological process.

All simulation models are models of the so-called
black box type. This means that they provide the system's
output if an input signal is given into interacting subsys-
tems.

Playing samples by the Monte Carlo method [22] is
the fundamental principle of modeling systems containing
stochastic or probabilistic elements.

Conclusions

1. When managing various technological processes,
it is necessary to provide in real time the calculation and
optimization of the regime, which, given the stochastic
changes in the parameters of the technological process,
are belong to permissible modes. Therefore, we have to
focus on the most unfavorable combination of factors of
uncertainty and use the strategy of the guaranteed result.
Until now, the problem of mathematical modeling of dis-
crete, weakly structured processes and systems character-
ized by a set of criteria, stochasticity, interval or unclear
values of the source data (such as the technological pro-
cess and technical means of sugar beet production) is al-
most unexplored.

2. Taking into account the difficulties of conducting
a real experiment, which is necessary for obtaining the
values of the criteria, the use of simulation modeling is
proposed. Simulation is a research method in which the
studied system is replaced by the constructed model. The
model with sufficient accuracy describes the actual sys-
tem, and experiments with it are carried out with the aim
of obtaining information about this system.

3. Investigation of the technological process based
on the simulation by determining and justifying the opti-
mal parameters allows us to define the technological vari-
ables, their relationships, and interconnections, to high-
light technical and economic indicators, and to evaluate
the impact on sugar beet yields.
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AHAJI3 TEXHOJOI'TYHOT EOEKTUBHOCTI
[MPOIIECY OBPOBITKY LIYKPOBUX BYPAKIB
HA OCHOBI METOAY MOJEJIIOBAHHA
M. I1. Bonoxa

AHoTamig. Y CTaTTi pO3TIANAETECSA TEXHOJIOTITHAN
MpoIleC BUPOIMYBAHHSA IIYKPOBUX OYpSAKIB SIK €IUHHUHA
00'eKT MonenoBaHHA. MeTa  JTOCIIKCHHSI-BHBYUTH
B32€EMO3B'SI30K OKPEMHX TEXHOJIOTIYHMX olepamii i
OLIIHKM TEXHOJIOTIYHOI e()eKTHUBHOCTI BUPOIIYBaHHS
IyKPOBHUX OypsKiB. BHBUEHHS TEXHOJOTIYHHX MPOIECIB
Ha OCHOBi IMITaIifHOTO MOJENIOBAaHHS JO3BOJISIE JO-
CIKyBaTH B32€MO3B'SI3KH, BUJIUTUTH TEXHIKO-
€KOHOMIYHUX TOKa3HHUKIB, OI[IHUTH BILTUB HA PCHTA0CIH-
HICTh, BU3HAYUTH HANIPSIMKH PO3BHUTKY Ta IIJISXH BJOCKO-
HAJICHHS TEXHIYHOI 1 TEXHOJIOTIYHOT OCHOBH BUPOOHHUIITBA
IyKPOBUX OypsIKiB.

KarouoBi cioBa: 1ykpoBi OypsiKM, TEXHOJOTTYHHNA
IpoIiec, TEXHIYHI 3aCO0M, MOICTIOBAHHS, MEePEIIOCIiBHOL
00pOOKH TPYHTY.

AHAJIN3 TEXHOJIOTMYECKOM
DODOEKTUBHOCTU IMPOLIECCA BO3/IEJIBIBAHU S
CAXAPHOM CBEKJIbI HA OCHOBE METOJIA
MOJJIEJIMPOBAHU A
M. II. Bonoxa

AHHOTanus. B cTaTthe paccMaTpuBaeTCs TEXHOJO-
THYCCKHUI TMPOIIECC BBIPAIUBAHMS CaXapHOW CBEKJIBI KaK
eIMHBIH 00BEKT MopenupoBanus. llenb wuccienoBaHUs-
I/ISY‘H/IT]) B3aUMOCBS3b OTACJIIbHBIX TCXHOJIOTHYCCKUX OIIC-
pammii ¥ OIEHKH TEXHOJIOTHYECKOH 3((EKTUBHOCTH BBI-
pamMBaHUS caXxapHOH CBEKIBI. V3ydeHHe TeXHOIIOTHYe-
CKHX TPOIIECCOB HAa OCHOBE MMHUTAIMOHHOTO MOJIEIHpO-
BaHUs II03BOJIIET HMCCIENOBATH B3aMMOCBSI3H, BBIIEIINTH
TEXHUKO-DKOHOMHUYECKHX IT0Ka3aTeJIed, OIEHUTH BJIIHMS-
HUE Ha PEHTa0ENbHOCTh, OTPEJECIUTh HANpaBICHUS pa3-
BUTUA N HyTI/I COBepHIeHCTBOBaHI/IH TCXHI/I‘ICCKOﬁ n TCX-
HOJIOTUYECKOM OCHOBBI IPOU3BOJICTBA CaXapHOM CBEKIIBI.

KuroueBble cjioBa: caxapHas CBEKJa, TEXHOJIOTHUE-
CKHI TIPOIIECC, TEXHUYECKHUE CPEJICTBA, MOJCINPOBAHUE,
MIPEIOCeBHON 00pabOTKH MTOUBHI.
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Abstract. In our time, computer systems have
become an integral part of any highly skilled workflow.
They spend kilowatt of electricity on millions of
mathematical operations, which, in turn, determine the
software functionality and are responsible for the result of
any work. The article considers the numerical efficiency
and expediency of using the economical operating mode
of the "Windows 7 Unlimited" operating system of 64-bit
type. Numerical data, on the basis of which the
coefficients given in the work were calculated, were
obtained with the help of the energy efficiency monitoring
software Joulemeter 1.2 (licensed product of the
Microsoft software laboratory). The main task of the work
is to bring exact percentages of savings on the example of
a particular computer and the work package of office
software programs Microsoft Office 2010, which includes
programs:  Microsoft Word, Microsoft Excel and
Microsoft PowerPoint — and browsers Google Chrome
and Internet Explorer with different performance.

Based on the results of the experiment, the energy
efficiency of the system, when using the economic mode
was higher by 0.7% than when using a balanced one. And
the maximum energy efficiency of 3.7% was achieved by
using the energy-saving Internet Explorer browser instead
of Google Chrome.

Key words: energy efficiency, rationalization,
Windows 7, Microsoft Office 2010, Google Chrome,
Internet Explorer.

Introduction

In our time, computer systems have become an
integral part of any highly skilled workflow. They spend
kilowatt of electricity on millions of mathematical
operations, which, in turn, determine the software
functionality and are responsible for the result of any
work. The article considers the numerical efficiency and
expediency of using the economical operating mode of
the "Windows 7 Unlimited" operating system of 64-bit
type. Numerical data, on the basis of which the
coefficients given in the work were calculated, were
obtained with the help of the energy efficiency monitoring
software Joulemeter 1.2 (licensed product of the
Microsoft software laboratory).

Formulation of Problem

The main task of the work is to bring exact
percentages of savings on the example of a particular
computer and the work package of office software
programs Microsoft Office 2010, which includes
programs: Microsoft Word, Microsoft Excel and
Microsoft PowerPoint — and browsers Google Chrome
and Internet Explorer with different performance.

Analysis of Recent Research Results

Many researchers analyzed the energy efficiency of
computer systems: Khankin K.M. searched the energy
efficiency of systems depending on the main
characteristics of the processor [1], Tsvetkov V.M. -
efficiency of energy utilization by the Android operating
system [2], and Tokar I.P. noted an increase in the energy
efficiency of the system using a genetic algorithm [3]. But
none of them has investigated the actual energy
consumption of the existing system in operating mode.
And also, the economic rent is the profitability of using
the Economy mode of the Windows 7 operating system.

Purpose of Research

Detailed energy consumption when using each
mode, when working with different types of office
software and browsers. Determine the degree of
efficiency of using the Economical operating mode of the
operating system "Windows 7 Unlimited".

Results of Research

The statistical-comparative method of data
processing based on the Windows 7 Unlimited (64-bit)
operating system using the Microsoft Office 2010
software package, Google Chrome browser and Internet
Explorer software and software for monitoring power
consumption Joulemeter 1.2 (licensed product of the
Microsoft Company)
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The main function of the Joulemeter 1.2 program
mainly reflects the energy consumption of the main
elements involved in the exchange of information: the
CPU and the hard disk (Disk) on which the functionality
of the program used is located.

Other static power consumption items: RAM,
graphic adapter, network card, coolers, motherboard (its
non-CPU units) and power supply elements are shown in
the tables as the "Basic" criterion.

The monitor has its own power supply, but the
constant power of transmission is 50 W/h.

Therefore, the main criterion for assessing energy
conservation is the load of the central processor and disk.
The hardware composition of the computer unit is shown
in Table 1.

The need for a central processor in electric power,
when operating in Balanced Mode, was 1 W/h (Table 2),
while in economic terms it was reduced by 77% to 0.23

Table 1. The hardware of the computer block.

W/h. The cost of the disk processes in the Balanced Mode
was 0.03 W/h, while in the Economy mode it was reduced
by 33%, to 0.01 W/h.

With the use of Microsoft Word's text editor, while
working in Balanced Mode, the CPU'’s power requirement
was 1.26 W/h (Table 3), while in the Economy mode it
was reduced by 43% to 0.72 W/h.

The cost of the disk processes in the Balanced Mode
was 0.27 W/h, while in the Economical 0.02 W/h, which
reduced the power consumption of the computer by 93%.

The need for a central processor in electricity, when
used with Microsoft Excel spreadsheet editor, in Balanced
Mode, was 1.82 W/h (Table 4), while in the Economy it
dropped to 0.81 W/h.

Energy expenditure on disk operation in the
Balanced mode was 0.17 W/h, while in the Economy
mode it decreased by 47% to 0.09 W/h.

Composition of elements of a computer block
Element Characteristics Number
Motherboard Asus P8768 Deluxe 1
CPU Intel Core i7-3770k 1
Power supply Cooler Master GX 750W 1
Video card NVIDIA GeForce GTX 1080 1
RAM Kingston DDR3-1600 4096MB PC3-12800 HyperX 4
ROM Samsung 850 Pro series 256GB 2.5" SATAIII 3D 1
Network card Atheros AR922X Wireless 1
Cooling systems Aerocool P7- F12 RGB 120 mm 4

Table 2. Power consumption of computer in "Balanced" and "Economical™ without the participation of additional

software.
Energy consumption, W/h
Type Balanced mode Economical mode
1 2 3 Average 1,00 2,00 3,00 Average
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 0,46 1,93 0,62 1,00 0,31 0,00 0,39 0,23
ROM 0,00 0,07 0,03 0,03 0,00 0,00 0,03 0,01
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 115,46 117,00 115,65 116,04 115,31 115,00 115,42 115,24
Table 3. Power consumption of computer when running Microsoft Word.
Energy consumption, W/h
Type Balanced mode Economical mode
1 2 3 Average 1,00 2,00 3,00 Average
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 0,77 1,46 1,54 1,26 1,93 0,23 0,00 0,72
ROM 0,11 0,39 0,30 0,27 0,00 0,00 0,06 0,02
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 115,88 116,85 116,84 116,52 116,93 115,23 115,06 115,74
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Table 4. Power consumption of computer when running Microsoft Excel.
Energy consumption, W/h
Type Balanced mode Economical mode
1 2 3 Average 1,00 2,00 3,00 Average
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 1,93 2,00 1,54 1,82 0,77 0,66 1,00 0,81
ROM 0,23 0,18 0,11 0,17 0,09 0,11 0,07 0,09
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 117,16 117,18 116,65 117,00 115,86 115,77 116,07 115,90
Table 5. Power consumption of computer when running Microsoft PowerPoint.
Energy consumption, W/h
Type Balanced mode Economical mode
1 2 3 Average 1,00 2,00 3,00 Average
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 2,62 1,30 3,46 2,46 0,69 2,62 1,54 1,62
ROM 0,31 0,40 0,22 0,31 0,05 0,05 0,11 0,07
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 117,93 116,70 118,68 117,77 115,74 117,67 116,65 116,69
Table 6. Power consumption of computer when use Google Chrome.
Energy consumption, W/h
Type Balanced mode Economical mode
1 2 3 Average 1,00 2,00 3,00 Average
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 7,69 26,70 21,51 18,63 8,77 27,18 17,61 17,85
ROM 0,06 0,53 0,06 0,22 0,22 0,09 0,01 0,11
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 122,75 142,23 136,57 133,85 123,99 142,27 132,62 132,96
Table 7. Power consumption of computer when use Internet Explorer.
Energy consumption, W/h
Type Balanced mode Economical mode
1 2 3 Average 1,00 2,00 3,00 Average
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 2,00 4,69 2,85 3,18 2,31 3,00 2,16 2,49
ROM 0,15 0,06 0,31 0,17 0,09 0,33 0,07 0,16
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 117,15 119,75 118,16 118,35 117,40 118,33 117,23 117,65

The economy mode, with the use of the Microsoft
PowerPoint  presentation editor, reduced energy
consumption by 34% to 1.62 W/h (Table 5), while the
CPU demand in Balanced Mode was 2.46 W/h. The cost
of the disk processes in the Balanced Mode was 0.31 W/h,
while in the Economical 0.07 W/h, which is 77% less than
normal.

Google Chrome's energy costs when operating in
Balanced Mode amounted to 18.63 W/h (Table 6), while
in Economics they dropped by 4% to 17.85 W/h. The
work of disk processes in the Economy mode has
decreased by 50%.

Internet Explorer, while working in Balanced Mode,
spends 3.18 W/h (Table 7) and in Economics 2.49 W/h,
which reduces costs by 22%. The work of disk processes,
when using this browser, was 0.17 W/h, while in the
Economy mode it was reduced to 0.16 W/h, reduces costs
by 6%.

The central CPU and disk power consumption for
Microsoft Word, Microsoft, Microsoft Excel, and
PowerPoint in Balanced and Economical modes is quite
different and depends mainly on the type of metering
processes and the intensity of file sharing (Table 9).
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Table 8. Power consumption of computer when run Microsoft Office 2010 programs.

Energy consumption, W/h
Type Control Microsoft Word Microsoft Excel PowerPoint
Bal. Econ. Bal. Econ. Bal. Econ. Bal. Econ.
Basic 65,00 65,00 65,00 65,00 65,00 65,00 65,00 65,00
CPU 1,00 0,23 1,26 0,72 1,82 0,81 2,46 1,62
ROM 0,03 0,01 0,27 0,02 0,17 0,09 0,31 0,07
Monitor 50,00 50,00 50,00 50,00 50,00 50,00 50,00 50,00
General 116,04 115,24 116,52 115,74 117,00 115,90 117,77 116,69

Table 9. Power consumption of computer when browsers work.

Energy consumption, W/h
Type Google Chrome Internet Explorer

Bal. Econ. Bal. Econ.

Basic 65,00 65,00 65,00 65,00
CPU 18,63 17,85 18,63 17,85

ROM 0,22 0,11 0,17 0,16
Monitor 50,00 50,00 50,00 50,00
General 133,85 132,96 118,35 117,65

Table 10. The ratio of the energy efficiency of the system.
The ratio of energy consumption ratios (KB) .
Type - Energy saving, %
Balanced mode Economical mode

Control 1,000 0,993 0,700
Microsoft Word 1,004 0,997 0,697
Microsoft Excel 1,008 0,999 0,893
Microsoft PowerPoint 1,015 1,006 0,887
Google Chrome 1,154 1,146 0,693
Internet Explorer 1,020 1,014 0,588

The ratio of energy efficiency of the system in the Balanced and
Economical modes
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Fig. 1. Ratio of energy efficiency of the system in the Balanced and Economical modes.




METHODS OF RATIONALIZATION OF ENERGY RESOURCES DURING WORK WITH ... 99

Browsers, due to the large amount of data exchange,
are largely loaded by the CPU, increasing its power
consumption. Energy consumption, for use of two
different speeds of browsers, can vary quite a lot
(Table 9).

On the basis of these data, ratios were obtained for
control in Balanced mode (Table 10).

In graphical form, this ratio is shown in Fig. 1.

On average, the energy efficiency of the system,
when using the Economy mode, increased by 0.7%. With
the equivalent use of Microsoft Office 2010 (Table 8) and
the Google Chrome browser (Table 9), the average
computer power consumption is 119.878 W/h. In terms of
247 business days, including 8 hours a day, the average
power consumption of the computer will be 236.88
kW/year. Using the Economy mode reduces this number
by 1.66 kW/year.

Using Savings Internet Explorer, instead of Google
Chrome, reduces power consumption by 3%, that is - still
at 6.92 kW/year.

Thus, according to our estimates, the total electricity
savings will be 8.58 kW!/year. Considering that the
number of permanent computers in large IT companies
can reach tens or even hundreds of machines, the use of
the Economy Mode and the cost-effective Internet
Explorer browser can be of significant economic benefit.

Conclusions

1. It's economically feasible to use the economical
operating mode of the Windows 7 Unlimited system as
the system's energy efficiency increases by 0.7%.

2. Also, using Internet Explorer will reduce system
power consumption by 3% compared to using Google
Chrome.

3. Therefore, in the future, by studying the energy
costs of different software, you can determine the optimal
software for the higher degree of energy efficiency of the
system.
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METO/JIU PALIIOHAJIIBALIT EHEPTETUYHUX
PECYPCIB I1IJ] YAC POSOTH 3 OIIEPALIITHOIO
CUCTEMOIO
C. M. T'ononypa, 5. B. Cunenxo

AHoTamigs. B Ham dYac KOMITOTEpHI CHCTEMH
CTalOTh HEBIJI'€EMHOIO YaCTHHOIO Oy/1b-SIKOTO
BUCOKOKBaJiikoBaHoro pobouoro mnpouecy. Bonu
BUTPAUYalOTh KiJIOBAT EJEKTPOCHeprii Ha MiIbHOHU
MaTeMaTHYHUX OTIepalil, sIKi, y CBOIO 4epTy, BU3HAYAIOTh
(hyHKIIOHATBHICT TPOTpaMHOTO 3a0e3redeHHs i HeCyTh
BIINOBITaNBHICTE 3a pe3ynbTaT Oyab-iKoi poboTH. Y
CTaTTi  pO3MINAETBCS  YHCENbHA  e(QEeKTHBHICTH i
JOUUTBHICTh BUKOPHUCTAHHS ~ €KOHOMIYHOTO  PEXUMY
pobotu Windows 7 B HeoOMeKeHiit omepaniiiHiii cuctemi

64-6itHoro Tumy. UYwucnoBi [aHi, Ha OCHOBI SIKHX
Koe(ilieHTH, [0  HABOJAThCA B poOOTI  Oyim
po3paxoBaHi, Oynum  OTpuMaHi 3a  JOMOMOIOIO
NpOrPaMHOTO 3a0e3ne4yeHHs MOHITOPUHT'Y
eneproedextuBHocTi  Joulemeter 1.2 (minensiliHuii
mpoaykt JlaGopaTtopii mporpamHoro 3abe3redeHHS
Microsoft). T'omoBHe 3aBHaHHsS POOOTH — MPHHOCUTH

TOYHI BIZCOTKM CKOHOMIii Ha MPHUKIAAI KOHKPETHOTO
KoMIT'foTepa i po0oTi makety odicHux mporpam Microsoft
Office 2010, sixkuii Bkiouae B cebe mporpamu: Microsoft
Word, Microsoft Excel, Microsoft PowerPoint i 6paysepu

Google Chrome Ta Internet Explorer 3 pisHoto
TPOTYKTUBHICTIO.

[pyHTyIOUMCh Ha pe3yibTaTax EKCIEPHMEHTY,
E€HEProeEeKTUBHICTh  CHCTEMH, TIPH  BUKOPHUCTaHHI
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EKOHOMIYHOTrO pexuMmy Oyna Bume Ha 0,7%, HDK npu
BUKOpPHCTaHHI  30amaHcoBaHoro. |  MakcumainbHa
eHeproe(eKTuBHICTh 3,7% Oyl0 AOCATHYTO 3a PaxyHOK
BHKOPHCTAaHHS eHeprosdepirarouoro Opaysepa Internet
Explorer samicts Google Chrome.

KuarouoBi ciaoBa: eHepretmyHa e(EKTHUBHICTB,
pamionamizaris, Windows 7, Microsoft Odic 2010,
Google Chrome, Internet Explorer.

METO/AbI PAITMOHAJIN3AIINU
OHEPTETUYECKUX PECYPCOB BO BPEMA
PABOTBI C OIIEPALIMOHHON CUCTEMOI

C. M. I'ononypa, b. B. Ceinenxo

AHHoTanusi. B Hame BpeMs KOMITBIOTCpHBIC
CHUCTEMBI CTAHOBSITCS HEOTHEMIIEMOH YacTblo JFOOOTO
BBICOKOKBaNU(UIIPOBAHHOTO padodero mporecca. OHU
TPAaTAT KWIOBATT dJEKTPOSHEPTHMH HA  MIJUIHOHEI
MaTeMaTHYECKUX OIepannii, KOTOPBIE, B CBOIO OUYEpe.b,
OTIPENEIISIOT (YHKIIMOHAJIBHOCTD NPOrpPaMMHOTO
obecrieueHHss ¥ HECYT OTBETCTBEHHOCTb 3a pE3YJbTaT
moboit paboTel. B craThe paccmaTpuBaeTCs YMCIICHHAS
3¢ (GEKTHBHOCTh M IEI€CO00Pa3HOCTh HCIIOJIb30BAHHUS
HSKOHOMHUYHOTO pexuma paboret  Windows 7 B
HEOTpaHWYEHHOM OTepallMOHHON cucTeMe 64-OMTHOTO
Tuma. YWcnoBbIe JaHHBIE, HA OCHOBE KOTOPBIX
Ko3(b(UIMEeHTE, TNpHBOIMMBIE B pabore  Obumn
PACCUUTAHBI, ObUIM  TIOJTy4YEHBI c TIOMOUIBIO
IIPOrPaMMHOTO obecrieueHus MOHHUTOpPHUHTa
sHeproagdekruBHocTH Joulemeter 1.2 (IUIICH3HMOHHEIH
nponykT JlabGoparopum mpOrpaMMHOTO OOECTIeUeHUS
Microsoft). ['maBHas 3amaga paboThl — MPUHOCUTH TOTHBIE
MPOICHTHl SKOHOMHH Ha TPHMEpe KOHKPETHOTO
KOMITbIOTEpa M TakeTa OQUCHBIX mporpamMm Microsoft
Office 2010, koTopbIii BKJIIOYAaeT B ceOS MPOTPAMMBL.
Microsoft Word, Microsoft Excel, Microsoft PowerPoint
u 6pay3epsl Google Chrome u Internet Explorer ¢ pasHoit
MIPOHU3BOIUTEIBHOCTBIO.

OCHOBBIBasICb Ha  pe3yJbTaTax OKCHEPHMEHTa,
9HEProd(PEeKTUBHOCTh CHCTEMBI, IIPH HCIIOJIH30BAHUH
9KOHOMHYHOTrO pexuma Obuta Bhimie Ha 0,7%, yem mpu
UCIIONIb30BaHUK cOajaHcHpoBaHHOro. VY makcumalbHas
9HeprodPPpekTuBHOCTs 3,7% OBLIO JOCTHTHYTO 3a CYET
HCTIONB30BaHus dHeprocoeperatomero Internet Explorer
BMecTo Google Chrome.

KiaroueBbie cjoBa: SHEpreTUIecKas
3¢PeKTHBHOCT,  pammoHamm3anus,  Windows 7,
Microsoft Office 2010, Google Chrome, Internet
Explorer.
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Abstract. Tasks, questions and practical tasks is an
effective didactic way, which makes active creative
activity of the person. The constructive thinking carried out
at the decision of creative tasks is considered. Analyses of
creative technical thinking development and the
peculiarities of the constructive-technical tasks solving are
given. The creative thinking is a search and opening
something new, for creative work, it is necessary to own
ability independently and critically to think. On the basis
of the main ways, methods of the solution strategy of the
task solution is formed. Transformation of the solution
strategy of the constructive-technical tasks with use of
complications is considered.

In the paper the application of methods of information
insufficiency and prohibition. at the decision by students of
constructive-technical tasks are considered. These methods
stir up the cogitative activity of students, assists to enlarge
the forms of necessary structurally functional groups
searching, assists of construction of optimal variants of the
solution of tasks.

Key words: creative thinking, transformation of
strategy, constructive-technical task, solution of tasks,
complication.

Introduction

The improvement of complicated technical and
natural systems occurs, as a rule, on the basis of a
knowledge deepening of the world around which makes an
essence of scientific and technical progress. The need of
techniques puts all new and new tasks before a science.

Formulation of Problem

Therefore modern education should prepare the
specialists, capable to be responsible for the professional
future, capable to confirm themselves in conditions of a
competition in the labor market. The basic purpose of
vocational training and education consists in training
specialists who own skills and knowledge for satisfaction
of market needs of labor; specialists who are prepared for
creative professional activity that would have constant
aspiration to the best, more improved.

One of the main tasks of psychological of students
training to technical the development of the stable positive
attitude of students to creative activity is possible.

Training of the future specialists for labor activity
should be based on the solution of its constructive-
technical, technological, organizational tasks which would
display situations of real work.

The solution of different scientific, practical, art,
constructive and other tasks which arise in a life of people,
demands knowledge by them not only external properties
of objects, and their internal connections and attitudes.
Therefore, as G.S. Kostyuk marked, "a problem of the
development of thinking, and especially the development
of creative thinking which differs originality and creativity
is very important presently" [2].

Analysis of Recent Research Results

Ability to think is a property of the person. The
thinking arises during interaction of the person with an
external world and serves its successful realization. It is
generated, first, by the need to understand any new
situation to the person, new object to it that is given to it in
alive contemplation, or represents or is described by words.
The creative thinking is a search and opening new. For
creative work, it is necessary to own ability independently
and critically to think, get into essence of subjects and the
phenomena, to be inquisitive, that appreciably provides
productivity of cerebration.

The problem of creative thinking development is in
the center of attention of many scientists during all
development of a psychology-pedagogical science about
creativity (L.S. Vygodskyy, J. Gilford, O.S. Yermakova,
A.B. Kovalenko, G.S. Kostyuk, S.D. Maksymenko,
O.M. Matyushkin, V.O. Molyako, A. Osborn,
Y.O. Ponomaryov, R.O. Ponomaryova, S.L. Rubinshteyn,
E. Torrens, M.G. Yaroshevskyy, etc.).

One of the methods of students training to technical
creativity is the solution of constructive-technical tasks
which display tasks of manufacture both on engineering,
and at an executive level. Such approach is named as
determining in  works of many  scientists
(T.V. Kudryavtsev, A.F. Esaulov, Y.O. Ponomaryova,
V.0. Molyako, etc.).
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Based on continuous studying design activity on
professional level, V.O. Molyako has offered the system of
creative training of students during their training for
technical labour activity [3, 7]. The component of creative
training method is the using of complications during the
solution of constructive-technical tasks. We shall consider
the psychological features of this process.

In the system-strategy concepts of the activity
developed by V.O. Molyako, strategy is defined as "more
or less flexible system objectively and situationally defined
actions in which the tendency to subject advantage of one
mental action to another prevails" [3, 8]. Thus, the term
"strategy” can be applied to "to the description of all
solution process of the solution in which the dominating
tendency of the person mental activity concerning a
specific target is realized" [3, 7].

V.0. Molyako separates the contents of concept
"strategy" from categories "method” and "way". He does
not consider them as synonyms, as a way and a method,
unlike the strategy, abstracted from the personality.

In the structure of strategy of VV.O. Molyako allocates:
1) studying of task’s condition; 2) search of the solution
way; 3) an embodiment of a hypothesis solutions [3].

As the strategy is a dynamic, remedial formation, the
following basic stages are allocated in it: 1) studying of a
task’s condition; 2) check of a condition by concrete
knowledge — correlation of a new task with system of the
knowledge and experience of practical actions; 3) a choice
of a hypothesis about possible structural and functional
transformations of the set components; 4) "designing” of a
hypothesis on all conditions as a whole and its localization
concerning a place of concrete application; 5) check of a
hypothesis by means of tactics stipulated by it and auxiliary
methods; 6) detailed elaboration [3].

The person, as a rule, realizes and mentally
determines the basic moments of cogitative activity besides
there is always a certain attitude of the person to the
process of the solution, i.e. this process is always
emotionally painted. Actually, based on the basic methods
of the solution and confidence of the actions the strategy of
the solution of a constructive-technical task is formed.
Cogitative strategy consists of complete formation of the
person ability, a disposition that defines a character of
actions and the tendency of mental behavior as a whole.

In 1.G. Shupeiko’s research laws of evolution and
transformation of the solution strategy of tasks during the
process of studying. As the result of carried out research it
was established, that the process of formation of effective
solution strategy represented the alternation of evolution
stages and strategy transformation which are
"intermediate" concerning "basic" which acts in the form
of studying. It was also established, that the character of
dynamics, i.e. process of effective strategy formation could
be operated [8].

The essence transformation theories of operators
studying, offered by V.F. Venda is the process of effective
strategy formation of the solution during training
represents some sequence of evolution stages and
transformation of intermediate strategy. In the opinion of
the author of this concept, process of strategy mastering
depends on the amount of intermediate strategy and
duration of their mastering, and of peculiarities of
transition from one strategy to another [1].

We consider, that the definition of strategy by means
of such terms as the set of rules, plan, the general scheme,
some structure, etc. is little productive as these terms
designate the certain set of methods which fixed firmly in
activity, i.e. something static. The approach to strategy
which associates with the general orientation of mental
activity, its dynamics takes place in the works
G.S. Sukhobska, Y.M. Kulyutkin and V.O. Molyako.

The viewing strategy of the tasks solution as
structured formation that operates the process of the
solution at its all stages is of great importance at the
solution of constructive-technical tasks.

Purpose of Research

The purpose of article is to reveal features of
cogitative activity, functioning of strategy during the
solution by the students of the first course of technical
specialties of constructive-technical tasks with use of
complications.

Proceeding of it, the primary goals of our research
consist in definition of influence on cogitative of students’
activity of complications introduction during the solution
of the constructive-technical tasks.

Results of Research

Two groups of students (20 in each) have taken part
in the experiment. They are the students of the first course
of Mechanical and Technological and Design and
Construction faculties of National University of Life and
Environmental Sciences of Ukraine.

According to the structure, the experiment consisted
of such stages: theoretical training, the solution of tasks on
acquainting, the solution of tasks with complications and
the solution of tasks of a control series.

We have taken the constructive-technical tasks of
V.0. Molyako’s thesis research.

The solution of the constructive-technical tasks causes
in students steady interest, as they are interested in novelty,
originality of tasks, and the opportunity to make use of the
practical experience.

Some possible methods of complications use at the
solution of the constructive-technical tasks are offered,
namely: limit of time, new variants, prohibitions,
information insufficiency and so on [3].

The results of research received by V.Z. Skakun,
testify that the introduction of sudden prohibitions
influences mental actions of the subject, thus, that there is
faster change of variants in cogitative activity, ordering of
interrelations between structures and functions aside of
their optimum association [5].

In a situation with complications the great value has
how quickly and successfully the subject finds a way out
of the created situation, what methods are used, how
complications influence on its emotional condition, on its
behavior in general [7].

It is possible to allocate such groups of students
according to the reaction on introduction of the
complicated conditions:

e Students in which cogitative activity is broken,
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some of them refuse the solution of tasks;

« Investigated that try to solve tasks in that way, as
before the introduction of complications;

e Students for whom the stimulating factor of
cogitative activity is the introduction of complications.

On results of research carried out by us the majority
of students concern to the third group (76 %).

In our experiment, we used a method of information
insufficiency and a method of a prohibition. These methods
are expedient for introduction at the stage of studying of a
condition of a task as for stimulation of creative activity it
is important to make active thinking at the initial stages of
the process of the solution of a task.

The method of information insufficiency was used in
several forms:

* The direction of the manipulation of one of the
structural elements (functional insufficiency) was not
marked;

* The task was given only in the text form;

e Complications were combined:
insufficiency with the text form of a task.

The text form of a task stimulates the subject to
renderline the main structural element with unequivocally
defined functional property, which meets the requirements
of a task.

Functional insufficiency forces the subject, besides
the allocation of a structural element, to allocate a
functional attribute and to subordinate to the course of
thinking. Therefore, during cogitative activity at the stage
of condition studying of a task and plan formation the
subject the most optimal unites structural elements with
functional.

The solution of the constructive-technical tasks is
inconceivable without use of graphic activity.
Nevertheless, a level of graphic training of students is low.
In addition, students are not able to display correctly a
structural element in a projection. The essence of
difficulties is that the students are not able to transfer
correctly a structural element (as a product of figurative
thinking of the subject) to graphic activity.

At modern school Drawing it is not studied, and
consequently there are difficulties

At students at the initial stages of studying at high
school on technical specialties, and especially at students
from countryside, most of them have low level of training
from disciplines behind the school curriculum.

Information insufficiency stimulates cogitative
activity, thus, that the subject during thinking process, and
then, having convinced of the choice correctness, uses such
structural element from the mental stock which most full
answers both to a condition of a task, and its graphic skill.

At introduction of information insufficiency, the role
of graphic activity during the solution of the constructive-
technical task is decreased. It is very difficult to allocate
during the solution the stages of understanding of a
condition and formation of a plan without specially given
experiment. We shall notify only, that such method of
information insufficiency is an effective stimulator of
cogitative activity and all or a significant part of cogitative
actions are directed to the searches of necessary
structurally functional elements at the stages of
understanding of condition and origin of intention. This
idea is also confirmed by the fact that at the solution of a

functional

task on graphic activity is spent less than 40 % of time.

Within the limits of research the experiment with the
purpose of features revealing of process of the solution of
is constructive-technical tasks with use of a method of a
prohibition has been carried out.

Transforming influence of sudden prohibitions can be
connected with the change of that "tool", by means of
which the pupil solved a task at the previous stages of
work, and which represents less or most measure the
organized system of constructive actions (in an ideal —
strategy), directed on construction of the required solution,
in particular analogy, a combination, reconstruction [6].

During of tasks solution by the students use the certain
stamps and give advantage to structurally functional
elements, ways and methods of the solution.

We considered, that introduction of a prohibition at
the certain stage of solution process of the constructive-
technical task makes active thinking of the subject, will
destroy stamps in the choice of structural and functional
elements and will qualitatively improve the solution of a
task. A prohibition was introduced at the stage of studying
of a task condition: carried out research earlier tasks solved
by the subject, we forbade applying that type of transfer,
which was used more often. Researches testify, that the
prohibition positively influences on productivity of
thinking, assists of activization of thought process, — helps
"to extract” more remote structures and functions that
increase the probability of optimal association of
structurally functional elements and the correct solution
from memory.

The task solutions are the solutions in analogies for
the students. During the process of a prohibition method
using beside with the solution of tasks in analogies,
combinatory actions appear then, and they become steady
in using.

V.0. Molyako marked that in technical creativity the
advantage is given to combinatory actions [3, 100]. Our
researches have shown: if it doesn’t pay attention to quality
of solutions of tasks with use of combination theory, and to
take the fact of its use for a basis, and frequency of
combinational actions realization in cogitative activity of
students has increased up to 20 % at the solution of
constructive-technical with complications.

Conclusion

So, our researches have shown, that introduction of
complications during the solution of the constructive-
technical tasks stirs up the cogitative activity of students,
assists to enlarge the forms of necessary structurally
functional groups searching, assists of construction of
optimal variants of the solution of tasks.
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PO3B’A13YBAHHA KOHCTPYKTUBHO-TEXHIYHUX

3AJIAY B YMOBAX JED®OPMAILIII X 3MICTY

JI. B. bepeszosa

AHoTamisg. 3anmadi, 3amMTaHHA Ta MPAKTUYHI
3aBIaHHs, € €EKTUBHUM IMJIAKTUYHUM 3aCO00M, SIKMHA
pOOUTH  aKTHBHOI  TBOPYOi  MISUIBHOCTI  JIFOJIMHHU.
KoHCTpyKTHBHE MUCIIEHHS 31[IICHIOETHCS TIPH BUPIILICHHI
TBOPYMX 3aBJaHb. AHaJII3 TBOPYUX PO3BHTKY TEXHIYHOTO
MHUCIEHHS 1 ocobiauBocti KOHCTpYKTHBHO-TEXHIYHOTO
pimmeHHs 3aBmaHb. TBOpYE MHCICHHSI-IIE TOMIYK 1
BIIKPHUTTS YOTOCh HOBOTO, IUII TBOPYOCTi, MOTPiOHO
BOJIOZITH 3IATHICTH CAaMOCTIHHO 1 KPUTHYHO MHCIUTH.
Buxonsun 3 OCHOBHMX  HampsMiB, C(OPMOBAHHX
METOJaMH CTpaTerii BUPINICHHS 3aBJaHb pPIlICHHS.

Tparchopmamis cTpaterii pilleHHS KOHCTPYKTHBHO-
TEXHIYHOI 3a/1a4i 3 BUKOPHUCTAHHSAM YCKJIQJIHCHB €.

Y craTTi po3IIANAEThCS 3aCTOCYBAaHHS METOJIB
iHpopManiitHOi HeJoCTaTHOCTI 1 3a00poHA. Ha MiAcTaBi
pIIICHHS YYHSIMH KOHCTPYKTHBHO-TEXHIYHUX PO3TIIIHYTO
3amadi. L{i MeToan 3aMyTHTH PO3yMOBY IisSUTEHICTh YUHIB,
JIorioMarae po3MupuTi GOpPMU HEOOXIJHUX CTPYKTYPHO
¢byHukiioHansHi rpynu Ilomyk, Hajgae pomoMory B
o0yI0B1 ONTUMAaIbHUX BapiaHTIB BUPILICHHS 3aBIaHb.

KuarouoBi ciioBa: TBopue MucieHHs, TpaHchopmartis,
cTpaTerii, KOHCTPYKTUBHO-TEXHIYHUX 3aj]ad, BUPIIICHHA
3aBJIaHb, YCKIIaTHEHHS.

PEIIEHME KOHCTPYKTUBHO-TEXHUYECKHUX
3AJAY B YCIIOBUAX AEOOPMAILINUN UX
COJEPXAHUA
JI. B. bepe3zosas

AHHoTauus. 3amadd, BOMPOCHI U MPAaKTHIECKUE
3amaHusA, ABIAeTCS  A3(PPEKTHBHBIM  ITHAAKTHICCKUM
CIOCOOOM, KOTOPBI JieaeT aKTUBHOW TBOPYECKOH
JESITETFHOCTH 4eJloBeKa. KOHCTPYKTHBHOE MBIIUICHUE
OCYIIECTBIISIETCSI TPH PEUICHHHM TBOPYECKUX 3a/ad.
AHanu3 TBOPYECKUX PA3BUTHUS TEXHUYECKOTO MBILUICHHUS
n 0cobeHHOCTH KOHCTPYKTHBHO-TEXHHUECKOTO PEIICHHUs
3agad. TBOpueckoe MBIIIJIEHHE-3TO MOUCK U OTKPBITHE
4ero-To HOBOTO, JJIi TBOPYECTBA, HY)KHO BIAJETh
CHOCOOHOCTh CaMOCTOSITEJIBHO M KPUTHYECKU MBICIIUTE.
Hcxonst M3 OCHOBHBIX HampaBieHHH, CHOPMUPOBAHHBIX
METOJaMH  CTPAaTeTHH  peIIeHHS 3aJad  peIIeHHe.
TpaHchopManusi CTpaTeTHH pPEUMICHUS KOHCTPYKTHBHO-
TEXHUYECKOH 3aJadil C HWCIIONB30BAHUEM OCIIOXKHEHUH
SIBIISICTCSL.

B cratee paccMaTpuBaeTCs NPUMECHEHHE METOHOB
WHPOPMAIMOHHOW HENOCTATOYHOCTH W  3amlpeT. Ha
OCHOBAaHUHU peuicHuA YualmuMucs KOHCTPYKTHBHO-
TEXHUYCCKUX PacCCMOTPECHBI 3aa4yu. Ot METOAbI
3aMYTUTb  MBICJIUTCIIBHYIO  JACATCIBHOCTL  ydalluXcCs,
MIOMOTaeT PacIIUPUTh GOPMBI HEOOXOAUMBIX CTPYKTYPHO
¢byHKIMOHaNBHBIE TpymIibl [Ionck, oka3piBaeT MOMOIIb B
TOCTPOCHUIO ONITUMAJIbHBIX BAPUAHTOB PCUICHUA 3ada4.

KaroueBble  cioBa:  TBOpYECKOE  MBIIUICHHE,
TpaHchopMaIms, CTpaTeruy, KOHCTPYKTHUBHO-
TEXHUYECKHX 3aJ1a4, PEIICHUE 3a/1a9, OCIOKHCHUH.
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AHoTtanis. IIpuBenmeHi pe3ympTaTH IOCHIHKEHB
3HOCOCTIMKOCTI pamialbHUX IiANIMITHAKIB KOB3aHHA
3arIMOMIOBATBHAX HACOCIB, PO3pOOJIeHa TEXHOJOTIS iX
BiTHOBJICHHS, BH3HAUCHI HAHOUIBII XapakTepHI BiIMOBH

3arMOIOBANBHAX HACOCIB, BHPOOHUIITBY
PEKOMEHZOBaHI  pPEeMOHTHI  po3MipH  pamialbHHUX
MiAIIUITHHAKIB.

KnruoBi ciaoBa:  3armuOmioBaJbHHI — HAcoc,

pajianbHi TiAMIUITHAKA KOB3aHHS, BITHOBJICHHS.

IMocranoBka npodJjemMu

PamionanpHe BHKOpHCTaHHS BOAM — OXHA 3
BOXJIMBUX JIEPXKABHUX MpoOieM. 3a Opi€HTOBHUMH
MmipaXyHKaMH BYCHHX, 3aralbHUE o00car rigpocdepu
nepesumye 1.4 Mapa. kB. kM, 3 akux 94% npunanae Ha
COJIOHI BOJM MOPIB 1 OKeaHiB. 3 PEUITH MIECTH BiJICOTKIB
Oinpmry wactuHy (moHanm 4% rigpocdepu) CKIAAAIOTh
mia3eMHI BOAM. 3allacy MiO3€MHHUX BOJ JOCHTH BEJIHKI.,
Hampukna, 3axigHo-Cubipchkuil apTe3iaHChKui OaceiH
3aiimMae mromy 3,5 MITH. KB. KM, IO €KBiBAJIEHTHO 00'eMy
Kacmiitcbkoro mops. OmHak OifbIia YacTHHA TiA36MHUX
BOJ MiHepalizoBaHa i ctaHOBUTH 14% CBITOBUX 3amaciB
npicHUX BoJ, iHmI 85% mpicHUX BOJ aKyMyJIbOBaHI B
IbOIOBUKAX, 1% mpunagae Ha piuky, o3epa, IPYHTOBI
Boau Ta atMocepHi omasu [1].

HepationanbHe BHKOpPHCTaHHS MiJ3€MHUX BOJA B
CyyaCHMX YMOBaX HempumycTumo. 3a ganumu BOO3
(BcecsitHpOi opranizarii oxoporu 310poB's) mpu OOH,
1/3 HaceneHHsA HamIOi IUTAHETH BiMYYyBalOTh HECTady B
MUTHIA BoIi a00 CHOXHBae HEJOOPOSKICHY BOIY, Yepes
mo Mmaibke 500 MIH. 4OJIOBIK IIOPIYHO XBOPIIOTH, MPH
oMy 10 MITH., TOJJOBHUM YHHOM [IiTH, THHYTb.

[TpoGnema BOogM — oOgHA 3 HAWOUIBII TOCTPHX
npoOieM, i BOHa He MOXXe OyTH BUpIllleHa TiIBKH 3a
paxyHOK  TOBEpPXHEBUX  JpKepel.  BukopucraHHs
MiZ36MHUX BOJ CTPUMYETHCS MEII[UTOM CBEPUIOBUHHUX
€JIEKTPOHACOCIB, IXHIM HU3bKHM PECYPCOM POOOTH.

Sk mokazaB JOCBII CKCIUTyaTallil apTe3iaHChbKUX
HacociB EIIB - Ginpmricts Bumaakis (80%) Buxomy 3 mamy
ouX HacociB Oymu TOB'S3aHI 3 TOJOMKOIO  iX
CJIEKTPOABUIYHIB. Ha CHOTONHIIIHIA JdeHb OLIBIICTH
HacociB EI[B, mo 3HaXoAsThCs B eKCIUTyaTallii, OCHaIIeH1
MIPOTOYHUMHU €JIEKTPOJIBUTYHAMH. Oco0uBicTIO

KOHCTPYKILIi €JeKTPOABUTYHIB NAHOTO THIIy € T€, IO
BHYTPIIIHS MOPOKHUHA KOHTAKTYE 3 BOZOIO.

[HoIMM  HeraTMBHUM  (DaKTOpPOM, IO HETaTUBHO
BIIMBAE HA TPAIE3JaTHICTh  EJIEKTPOJBHUTYHIB, €
MPUCYTHICTh B BOJI coJeil 3amiza Ta iHmmx mertanis. Lle
BUKJIMKA€ MPHUCKOPEHY KOPO3il0 CTaTOPHOTO i POTOPHOTO
3aii3a, 110 NPU3BOJUTH JI0 TIOTIpIICHHS
CJICKTPOMATHITHUX BJIACTHUBOCTEH 3aliza, 1 B KIiHICBOMY
HiJICYMKY 10 3HIDKCHHS IOTYXXHOCTI €JIEKTPOABHIYHA,
0c00JIMBO TP peKUMax PoOOTH 3 TPUBAIUMHU 3YIIMHKAMU
Hacoca.

TakoX HECUPHUATINBAM pEXUMOM poOOTH  Iist
€JIEKTPOABHUTYHIB € PEXUM poOOTH 3 YaCTHMHU IyCKaMH i
3ynuHKamMH. YuM dgacrimme BinOyBarOTbCS IYCKH 1
3YIUHKH, TAM YacTile BiIOyBa€TbcS OOMIH BOIOIO MiX
BHYTPIIIHBOI0O ~ TIOPOXXKHWHOIO  EJIEKTPOABHTYHA 1
CBEPUIOBHHOIO 1 30iNBIIYEThCA KUTBKICTD TICKY, SKHHA
MOTpAIUIsie y BHYTPIIIHIO TOPOXKHUHY JBUTYHA.

3aHyprOBaJbHI EJICKTPOHACOCH B 3AJICXKHOCTI BiJ
TIMOWHM 3aJIATaHHs BOJOHOCHOTO IIApy BCTaHOBIIOIOTH
Bix 30 mo 250 M Bij MOBEpXHI 3eMJi, B 3B'SI3KYy 3 UMM
MepcoHaj], IO OOCIyroBye HAcoCH HE Mae€ JI0 HHUX
JIOCTYILY.

OIiHATH TEXHIYHUH CTaH eJIEKTPOJBUTYHIB HACOCIB
0e3 mimiioMy 3 CBEepIJIOBHH 1 BH3HAYHTH CTYIIHBb IX
Mpane3qaTHOCTI IPAKTUIHO HEMOKIIUBO.

[IpoBeneHe  0OCTE)KEHHS  ENEKTPOYCTATKyBaHHS
BOJIOMITHOMHUX CBEPIJIOBHH IIOKA3aJlo, IO TEPMiH
CIIy’)KOM €JIEKTPOHACOCIB 0 1-T0 KamiTaabHOTO PEMOHTY
3HAXOIUTLECS B Mexax Bif 1,4 mo 12 twuc. rox. 3aBoau-
BUPOOHHMKH  €JIEKTPOHACOCIB  PEKOMEHIyBalud uepe3
NeBHUH dac poboTH (B CepeaHbOMYy 2-3 THC. TOJ)
MIHIMATH EJEKTPOHACOCH Ha MOBEPXHIO, MEpeBIpATH IX
Ta TPU BUSBICHHI HENPUIYCTUMHX 3HOCIB geraneil abo
HECTIPaBHOCTE pEeMOHTYBaTH. lIpW IbOMY BHSBISIIOCH,
II0 YaCTHHA EJIEKTPOHACOCIB MepedyBaia B 3aJOBUTHHOMY
CTaHi 1 migHIMaTH 1X HA MOBEpPXHIO 1 po3duparu He Oyio
HEOOXIJTHOCTi, a YacTHHA EJCKTPOHACOCIB BUXOAMJIA 3
Jagy 10 HacTaHHS TepMiHy peBisii. ToMy Ha mpakTHIl
€JICKTPOHACOCH 3a3BWYail INpaIfoBaj B CBEP/UIOBHHI 3
MOMEHTY OITyCKaHHS 1 JI0 BHXOIy 3 JIamay, IICIS HYOTO
MPOBOJMBCS KaIliTAIbHUA PEMOHT EJIEKTPOHACOCIB Ha
CTIEITiaTi30BaHUX TiAMPUEMCTBAX.

Burtpatn Ha migioM i OMyCKaHHS €JIEKTPOHACOCIB 3
CBEp/UIOBHH, 3a BEIMYMHOIO, JOCATAIOTH BapTOCTi
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KaImTaabHOTO peMOHTy. HaiGinpim pamioHaTbHEM €
MIAOM  €JIGKTPOHACOCIB Ha TOBEPXHIO TUIBKH B
BUIIaJKaX, KOJM MOJAajbllla  eKCIUIyaTalis  MOXe
MPU3BECTH /IO aBapilfHOTO BHUXOIY EJEKTPOHACOCIB 3
nany.

AHAaJIi3 0CTaHHIX J0CTiIKEeHb

Craructuka nokasye, M0 pajiajbHi MiAIHUITHUKA B
3HAuHIf Mipi OOMEXYyIOTh pecypc pOOOTH 3arJMOHUX
eNeKTpoABHUIYyHIB. [Ipy 3HOCI MiAIMIHHUKIB  POTOP
MOYMHAE 3adimaTH 3a akKTHBHY CTajlb CTaTopa, IIo
MIPU3BOJUTSH JI0 MOMIKO/DKECHHS 1 BUXOY 3 JIaly OOMOTKH.

Ha Buxig 3 5agy eneKTpOIBUTYHa BIUIMBAE:
HECTIPaBHICTh MmiTUMHUKOBOTO By3nma — 20...25%; Ha
obpuB  ¢asm  wmepexi xumsneHHs —  40...50%;
3aKJIMHIOBaHHS Bally Hacoca, abo eJeKTpOJIBUTyHA —
10...15%; ©a mpoOiii i30SIl BHACTIIOK MEXaHIYHHX
nommko pkens — 15...25% [2].

ITpu peMoHTI 3araHOIIIOBAIBHUX EJIEKTPOJBUIYHIB
Ha PEMOHTHHUX MiJIPUEMCTBAX BHKOPHCTOBYIOTH Di3Hi,
4acTo Manoe(eKTHBHI CrocoOM yCyHeHHs JnedeKTiB, siKi
HE J03BOJIAIOTH 3a0€3MEUYNTH KOMIUICKTAIII0 PEMOHTHHUX
00’€KTIB JeTAISIMU 1 CKIQZOBUMHM YacTHHAMH 3
rapamMeTpamMy He HWK4Ye piBHS HOBHMX. Take IOJOKEHHS
OoOyMOBIIIOE ~ HHU3BKMH  MICISIPEMOHTHHH  pecypc
KaliTalbHO BiIPEMOHTOBAHHMX E€JIEKTPOJBUTYHIB, SKHH
cxinanae 65-70% Bix HOBOTO.

Mera gocjiaKeHb

JocmiguTi cripallfoBaHHs paTialbHUX ITiIITAITHAKIB
KOB3aHHS €JICKTPO3arTHOIIOBaTbHIX HacocCiB i
PO3pOOUTH TEXHOJIOTIIO X BiTHOBJICHHS.

Pe3yabTaTn nociigxenb

lanmy3eBuMu cTanHjapramMu InepeadauyeHuii BUIYCK
198 THmOpPO3MIpiB  CBEpAJIOBHHHHUX EIEKTPOHACOCIB,
36 TumiB HacociB i3 TpaHcMiciiHUM Bamom, 30 THIIIB
OCBOBHX 3arfHOJIOBAEHUX HACOCIB, 12 THIIOpO3MIipiB
HAcociB ais 3a0pyAHEeHUX BOX 1 iH. Y HaHWA dYac €
peallpHa MOXJIMBICTD MIABHIUTH CEpedHIH pecypc
CBEP/UIOBHHHUX eJiekTpoHacociB 10 20...25 tuc. rox. [pu
LOMY HEOOXiTHO BUPIMINTH MpoOIEeMy 3aXUCTy BiX
KOopo3ii poOouMx oOpraHiB 1 KOPIYCHUX JeTalei,
MIABUIUTH  3HOCOCTIHKICTh  pajialbHUX 1 OCBOBHX
MIIIMITHAKIB, BAKOPUCTOBYBAaTH OOMOTYBaJIbHI MPOBOJN
3arauONIOBANLHUX — €JIEKTPOABUTYHIB 3 BOAOCTIHKOIO
i30IAIIi€T0, AKI O BUTPUMYBAIH MiABHUIICHY TEMIICPaTypy
Ta iH.

Pi3Hi ymMOBH 1 peXMMH, a TaKOX KOHCTPYKTHBHI
0co0IMBOCTI neTanen 3arInOIFOBAIbHAX
CJICKTPOJBUI'YHIB TE€PEIYMOBIIOIOTh BEIUKHH  Po30ir
IIOKA3HUKIB TX HaJAIHHOCTI Ta JOBrOBIYHOCTI.

Tak, B pe3ympTaTi JOCTI[UKEHHS peM(pOHIy Ha
EJIEKTPOPEMOHTHUX TiIIPUEMCTBAX BCTAHOBJICHO, LIO
€JICKTPOJIBUTYHH, SIKi TIPOPOOHMIIN IO PEMOHTY OJUH PiK
ckiaamaoTh — 14%, nBa poku — 33%, tpu poxku — 21%,
qotupu poku — 17%, m’ate pokiB — 6%. Ilonax m’saTe

pokie — 9%. ToMy BeIMYHMHHU CIPALIOBAHHSA 1 XapakTep
nedeKTiB meTaneil eIeKTPOIBUTYHIB XapaKTEePH3YIOTHCS
BEJTMKOIO Pi3HOMAaHITHICTIO 1 MalOTh CYTTEBI PO30IXKHOCTI.

OO0'ekTOM TOCTIKEHHSI OYyJIH €JIeKTPOHACOCH THITY
EIlB-6, mo ckmagaoTh O0mu3pko 54% ychOro BHITyCKY
€JIEKTPOHACOCIB, SKi 3aCTOCOBYIOTBCS B CIJTBCBKOMY
TOCIIOJAPCTBI.

Hacocu tumy EIIB mnpusHaueHi ans poGotu B
HEarpecuBHil Bojii 3 TemnepaTyporo 1o +25°C, 3aranbHoi
MiHepamizanii He Otk 1500 Mr/i i3 CyXuM 3aJIHIIKOM

XJOpHIIB, cyinbdariB 1 CIpKOBOAHIB 1 3MicTOM
MexaHiunux gomimokx 0,01% mo Basi.
Icaye 57  Tunopo3MmipiB  3aryMONIOBaJBHHUX

enektpoHacociB EIIB mns ckBakeH miamerpom 4, 5, 6, 8,
10, 12, 14, 16 mgroimis.

Sx nmpuBix 3armnoauX HacociB EIIB 3acTocoByroThCA
BOJI03aIOBHEHHI enekTpoasurynu [1EJIB.

Hamu 3po0beHunit aHawi3 CIIpaIfOBaHHS
BHYTPIIIHBOTO  JiamMeTpa pafialbHUX  IiJIIUITHUAKIB
enekrponsurynis [IEJIB 2,8-140, IIBJAB 4,5-140 3
HACTYITHOIO MaTeMaTH4YHOI O0OpOOKOI  pe3yJbTaTiB
BUMIPIOBaHHSI.

lcrorpama po3moxaily MakCHMaJIbHMX 3Ha4€Hb
BHYTPIIITHROTO JiaMeTpa 300pakeHa Ha PUCYHKY 1.

OtpumaHo piBHSHHA BeiiOymra, mo ampokcumye
JOCIITHIHA PO3IIONINT:

e

F(x)=K{1-exp| - x;a = )

=1051-[1—exp(-0,0125-1,125)],

MaremarnyHe 4YekaHHs JUIs po3noairy BeliOymia
cknaznae 35,66 MM, a TpaHMYHO JOIYCTUMHH PO3MIp IO
TeXHIYHUX BuUMorax 35,25 wmwm. IligcraBiusemo Il
3Ha4eHHs B piBHIHHA (1) oxepxkumMo:

F(125)~012.

Tobro, menm 12% mAMIKMIHKAKIB 3aJ0BOJILHSIE
TEXHIYHUM BHMOTaM II0 BHYTPIIITHBOMY JiaMeTpy, TOOTO
iX MOKHa 3aCTOCOBYBaTH IOBTOPHO. 30BHIIIHS TTOBEPXHS
(ctamp40X13) ryMOMeTaJIeBOTO MiJIINITHAKA MPAKTHYHO
HE 3HOUIYETHCS.

3a0e3nedyeHHs MEpBICHOTO 3a30py B 3a3HAUYCHOMY
CTIIOJIy4CHHI OTPUMYETBCS 3a pPaxyHOK 3MEHIICHHS
JiaMeTpy Bama 1 BHTOTOBJEHHS TI'yMOMETAJEBUX
HiIMIMIHUKIB  PEMOHTHUX pO3MIpiB 31 3MEHUIEHUMH
BHYTpimmHIME  miamerpamu. Ilpm  1pOMYy  HiJIKOM
BIZTHOBIIFOETHCS TIPAIE3IaTHICTD CIOJIyYCHHS, TOMY MIO
00poOKa Iy peMOHTHI pO3MipH 3IIHCHIOETHCS 3 THMH XK
JONMyCKaMH, 3 SIKUMH BHUTOTOBJISAIOTHCS HOBI JIETali.
Po3Mipu peMOHTHUX BTYJIOK IIpeCTaBiIeHi B Tabmuii 1.

Ilpu  cmopaimoBaHHI — MOCAJOYHOIO  MICISI B
HIIMIMOHUKOBOMY INUTI MiJA  BTYJKY #HOro posmip
BiJIHOBIIIOIOTh HaHECEHHSIM enacTomipy
T'EH-150 (B). 3acrocyBanHsi enactoMipy 3abesmeuye
JneMidipyBaHHs KOJHMBaHb Bajla POTOpa, IO 3MEHIIYE
BiOpariito.

JIyist pEMOHTHUX IIANPUEMCTB HAMH TPONOHYIOTHCS
JIBA BapiaHTH BiIHOBJICHHS 1 BUTOTOBIICHHS pamiabHHUX
MANTUITHAKIB KOB3aHHS CJICKTPOJIBUTYHIB 1 HACOCIB.

[lo mnepmomy BapiaHTy Ha OYMIIEHY BiJ TyMH
MOBEPXHIO METAJeBOI BTYJIKH OONPECOBYIOTH IOJIIMEPHY
AHTU(QPUKLIHHY KOMIIO3MUIII0 Ha OCHOBI PE30JILHOI
(henomopopmanbaeriaaoi cmomnu [3].
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Puc. 1. Ticrorpama posmnoaity, TeopeTHuHa (YHKLiS po3mojaury 1 (yHKIIS MIIJIBHOCTI PO3NOALTY BHOIPKH
MaKCHMAJIbHAX 3HA4Y€Hb BHYTPILIHBOIO AiaMeTpa pajialbHUX MigmMmHUKIB: 0 — BHyTpimHii giamerp, MM; m —

yactoTa; F(u) — dpyHKIist po3noziny.

Tabauus 1. Po3aMipyu BHYTpIITHROTO AiaMeTPy PEMOHTHHX BTYJIOK

JliameTp BTYJIKH, MM
Tun enekTpoaBUTyHA - =
Howminanpaumii 1 peMOHT 2 peMOHT 3 peMOHT
[EJB-140 -0,15 -0,15 -0,15 -0,15
A 350,20 345020 34-0,20 335-0,20
AHTHQpHUKIIfHA ~ KOMIO3WIIS  CKIAJA€ThCS 3 Cnucok qaiteparypu
KOJIOiTHOTO rpadiry, TUCyIbhiTy MoJIiOIeHy,

MOPOIIKOBOTO Mojiaminy, ¢propomiacty ®4 i 3B’s3yroue.
Mana ycanka (0,1%) momiMepHOi KOMITO3MIII J03BOJISIE
3a0e3neunTH  HEOoOXigHy  TOYHICTH  BHYTPILIHBOTI'O
niaMeTpy 0e3 HacTyIHOI MeXaHiyHOT 0OpoOKH.

ITo npyromy BapiaHTy TEXHOJIOTiS Iiependayae
BHTOTOBJICHHSI CYIIbHOTO (0€3 MeTaneBoi O0OHMH 3
craini 40X13) momiMepHOTO pagialbHOTO MiAIIUITHAKA [4]
3 aHTUPUKLIIHHOI KOMIO3MIi Ha OCHOBI (proporiacty
(propommact — @4, ByrireneBe BOJIOKHO, IOPOIIKOBA Millb
i im.). Ilpm KamiTanbHOMY pPEMOHTI EJIEKTPOHACOCIB
3HOIIEHI panianbHi MANINIHAKA 3 aHTHQPUKIIHHOL
KOMIIO3HUIlT HarpiBaoTh a0 temmeparypu 170...190 C,
BCTaBJSIIOTH B ImpecopMy 1 NpPEcyroTh MiJi THUCKOM
30...40 MlIla, BigHOBIIOIOYH iX IO HOMIHAIBHHX, a00
peMOHTHHMX po3mipiB. Hemomikom mporo wmeronay €
HEe3Ha4YHEe 3MEHIICHHs PO3MIpIB MO BUCOTI MiAIIMIHHKIB,
ale TepeBara B TOMY, INO 3HOLICHHH ITiJUIMITHUK
BITHOBIIOEThCS Oaratopa3oBo. Lle 3HA4YHO 3MeHIIye
co0iBapTICTh PEMOHTY.

BucHoBkn
1. Ha  ocHOBI  JmOCHiKEHb  PEMOHTHOMY
BUPOOHHIITBY  PEKOMEHIOBaHI  PEMOHTHI  PO3MIpH

pagiaIbHUX MM INTUITHAKIB KOB3aHHS.

2. TexHOJOrisE BHUTOTOBJACHHS aHTH()PHKI[HHOTO
MiJIIMITHAKA ~ KOB3aHHSI Ha  OCHOBI  (TOpoImacry
3a0e3neunTh Oararopa3oBe WOTO BIAHOBJICHHS, IO
3HAYHO 3HU3HUTH COOIBAPTICTh PEMOHTY.
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OCOBEHHOCTMU OKCITITYATAIIMM 1 PEMOHTA
ITOI'PYXKXHBIX DJIETPOHACOCOB THUIIA B1IB

3. B. Pyacuno, P. M. Ocmanenxo, T. B. /[youax

AnHoTauus. JlaHbl pe3ynpTaThl HCCIEAOBaHUN
HM3HOCOCTOMKOCTH paanaIbHBIX MO AIINITHUKOB
CKOJNIXKCHHS  TOTPY)KHBIX  HAcOcoB,  pa3paboTaHa
TEXHOJIOTUSI WX BOCCTAHOBIICHUS, OIpeelieHbl Hauboee
XapaKTepHBIE OTKa3bl MOTPY>KHBIX HacOCOB,
MPOU3BOJCTBY  TPEHJIOKECHBI  PEMOHTHBIE  pa3Mepbl
paAnaNbHBIX TOANTHITHAKOB.

KaroueBble cjioBa: paauaibHBIC — ITOANIHITHAKA
CKOJIbKEHMSI, HACOC, BOCCTAHOBJICHHE.

FEATURES OF OPERATION AND REPAIR
OF SUBMERSIBLE ELETRONICOS TYPE OF ELIB

Ruzylo Z. V., Ostapenko R. M., Dubchak T. V.

Abstract. The results of researches of wearproofness
of radial slidewaies of down-pumps are Given,
technology is developed them BocctanoBnenu., the most
characteristic refuses of down-pumps are certain, the
production the repair sizes of the radial bearings are
offered to.

Key words: radial slidewaies, pump, renewal.



Hayxkosuii sicnux Hayionanvrnozo yHisepcumemy 6iopecypcié i npupo0oKopucmy8ants Yrkpainu.
Cepin: mexuika ma enepeemuxa AIIK. 2018, Bun. 296, 109-116
ISSN 2222-8594 (print), ISSN 2415-7694 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VIIK 502.7:719(477.74)

DOI: 10.31548/machenergy.2018.02.109-116

AHAJII3 IEHJIPO®JIOPH B JAHJIIIA®THOMY JU3AWMHI CTAPOBUHHOTI O ITAPKY
CEJIMIIA HEMIIITA€BE

M. II. Kyseminens?, O. I. lydosenko?, B. B. IlaToka?, O. M. Kysbminens®

'HauionanbHuii TpancopTHuii yHiBepcuTeT, YKpaiHa.

ZIpniinceke HBO "IpriiHchbkuii stinel iHHOBanifinux TexHONMOTIH — Mana akajsemis Hayk", Ykpaina.
3Binoxpemnenuii nixposain HanjionansHoro yHisepcuTeTy 06iopecypcis i pUPOIOKOPUCTYBaHHs Y KpaiHu

“HemimaiBcbkHi arpoTeXHIYHUN Kotemk”’, YKpaiHa.

Kopecnonoenyin asmopis: grafika_ntu@ukr.net.

Icmopia cmammi: ompumano — 6epesensv 2018, akyenmosarno — mpasens 2018.

bion. 17, puc. 0, maba. 5.

AHoTauis. 3po0beHo KOMIUIEKCHUH
JICHAPOJIOTIYHUI aHaji3 JIMIOBOTO TapKy B CEJHIIi
Hewmimaege. [lenapoduiopa nmapky BkiIrodae 36 BUIIB Ta 5
JeKOpaTUBHUX (GopM pociauH 3 22 poxiB, 13 pomuH.
Iposigni pomunu Rosaceae (6 Buais), Tiliaceae (2),
Aceraceae, Caprifoliaceae, Pinaceae (mo 4 Buam).
Iposimui poxu Tilia (5 Buais), Acer ta Ulmus (o 4
Buan). KinbkicHo mnepesaxarots Celtis occidentalis L.
(14,7%), Philadelphus pubescens Loisel. (14,1%), 13
BUJIIB TIpe/icTaBieHi 1 pocnuHo0. Y mapky € ex Situ 5 ek3.
3 BHUIIB, fAKI MiJUBITal0OTb OXOPOHI Ha JEpKABHOMY i
MDKHApOJIHOMY piBHI. Y mapky 3poctae 42 nepesa 10
mopia 3 miamerpom ctoBOypa monan 50 cm. HaiiGinbrmi
posmipu croBOypa y Tilia platyphyllos (84 cm Tilia
cordata (64 cm), Quercus robur (57 cm). Amnamni3
JeHApoIIOpH CBIIUUTH MPO ILIHHICTH MapKy, 5K 00 €KTY
MIPUPOTHO-3aM0BITHOTO hoHAY YKpaiHu.

Karwuosi ciioBa: ananisz, neanpoduiopa, manmmadr,
Q3aiiH, TMnoBui mapk, Hemimmaese, KuiBcbka 00macTs.

IMocTanoBka mpodaemu

30epeKeHHS POCIHH eX Situ € OJHUM 13 TPOBITHHUX
HaIpsIMKiB OXOPOHU OiOpi3HOMAHITTS CepeJl POCITMHHOTO
cBity. lle#t HanpsMOK peani3yeTbes y OOTaHIYHUX canax i
NEHApOoIapKax, Ta IHIIUX TMapkaxX, SKi € 00 €KraMu
MIPUPOIHO-3amoBigHOTO (oHAY. HamiiiHuM MexaHiZMOM
peaizanii [bOro HAIPSMKY € PO3BUTOK MEPEXi MITYYHHUX
3anoBigHUX 00’¢kTiB [1]. 3amoBigHI HapKH CTarOTh
KapKacoM eKOJOTIYHOI MepexXi perioHy B Mexax
HACEJIEHHX ITyHKTIB.

A Tam, ne HeMmae JCHAPOJOTIYHMX YHM IHIIUX
00’exTiB npupogHo-3anoBigHoro ¢ouxny (I13dP), moxna
peaiizyBaTu 30epeKeHHS PIAKICHUX POCIUH ex sifu depe3
ICTOpHYHI TIapKH, MAapKH, CTBOPEHI HABKOJIO iCTOPUYHUX
caand — ITHIX pe3uieHIiil Ta/abo manamo-napKoBUX
KoMIutiekciB. [l 30epekeHHs Ta 30araveHHs 3eJIeHUX
HAca/PKeHb B ICTOPUYHHX MapKaxX TOJOBHOIO MOTPEOOIO €
IHBEHTapH3aLlisl KiTbKICHO-BUIOBOT'O CKJIay pOCiuH [2].

JepeBHi HacapkeHHST Yy  HAceJGHUX IyHKTaX
BiZIIrpaloTh BU3HAYHY CaHITApPHO-TITi€HIUHY, €KOJIOTIYHY,

€CTeTHYHY pPOJIb — Ha TJII CKOPOYEHHS YacTKH JICOBHX
MacuBiB Ha Tepuropii Ykpainu. IloMmiTHI OCBITHBO-
BHUXOBHA, IMi3HABAJIBbHA Ta ICTOPUKO-KYIBTYpHa (YHKIIi1
MapKiB, 0COOJIMBO, SIKIIO BOHH 3aJIydeHi O HaBYAIBHHUX
IUTaHIB Yepe3 (OpMyBaHHS CKOJOTIYHUX CTEKOK, aJiei
3I0POB’s Ta iHIMHUX (HOPM OCBITHHO-BHXOBHOI HisITBHOCTI.
Peanizauis 1ux GyHKIIH 3a€XKNUTh BiJl BUIOBOTO CKIaay
pOCIIHH, 30KpeMa, JepeB, sKi € OCHOBOIO 3€JIeHUX
Haca/KeHb MapkiB. [ cTapoBUHHHMX HapKiB, 0COOIUBO
THX, 1[0 HE BHECEHI 3 THUX UM {HIIUX IPUYHH 10 PEECTPY
[13®, axryanmpHICTH iHBEHTapH3amii BHUIAOBOTO CKJALy
neHapoduiopu Oe3rnepeyHa.

BuBYeHHs Pi3HOMaHITHOCTI JEPEBHUX POCIHH, SKi
3pOCTalOTh y  MIBHIYHUX  KIIMAaTMYHUX  YMOBax
Kwuiscbkoro Ilomices, 103BONNTH YTOUHUTH aCOPTUMEHT
BUJIB, aKIIMaTH30BaHWX JUII O3€JEHEHHS Yy IHX
KJIIMaTHYHUX paloHax, 3 ypaxyBaHHSIM IJ00albHUX 3MiH
KITIiMaTy.

AHaJIi3 0CTaHHIX J0CTiIKEeHD

Cman napkie Kuiswunu. Y KuiBcbkiii o06macTi
OQIIiifHO  3apeecTpoBaHO 6 TMapKiB 3  IIMPOKHM
posmaittsam nenapoduopu [3]. HaiiBinomimmit 3 HuX —
neHaponapk  “Omnekcanapis” (M. bima Ilepksa) -
apXiTEeKTYPHO-CaOBUii KOMILIEKC, 3aKJIaJeHu i
rpadunero Onekcanaporo bpanuipkoro Ha Mexi 18 i
19 cr. IInoma mapky ~297 ra. Konexmis mapky Haiiqye
~1800 BuzuiB, pi3HOBHAHOCTEH Ta (HOPM POCIHH, TaKOXK
BCECBITHBO BIZJOMi TMaM’ATKA apXiTeKTypH B CTUII
KJIaCHIM3MY: TOJIOBHUH BXizA, poToHIa, Pyinu, komonana
“JIyHa”, KWTaHCBKHHA MICTOK, CKyIbOTypa MepKypis,
okepeno “JleB”, pesuaeHIis bpaHUIbKIX TOIIO.

Hdpyrum  iine 3rypiBcbKMH  AeHApoOmapk  (CMT.
3rypiBka), 3acHoBauuii y 1860-x pp. rpadom Kouybeem.
ITnoma mapky ~300 ra. Ha kinenps 19 cr. y mapky Oyiio
382 Buam pepeB Ta kywiB. OdiuiiiHa iHBEHTapHU3aLlis
BusiBMJIa B mapky ~150 BuIiB nepeB, 3aBe3eHHX i3
€Bponu, Azii, AMepuku (1y0, jumna, ocuka, sBip, sCEH,
JIIIMHA, COCHA 3BUYaiiHAa Ta iH.) € EK30THYHI BHIUA —
SAIMHA KaHaJAChbKa, CcMepeka Oanb3aMOBaHa, SUIMHA
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€BpeiichKa, Tysl, OyHAyK, OapXaTHUH aMyp, KJIeH cpi0sc-
TUH Ta iHIII.

Karapnuupskuit mapk (M. Karapnwk) crBopeHuit y
1790-x pp. crarc-cexperapeM TpomuHchkuM. Ilnorma
mapky ~32 ra. 30eperimck BOpOTa PYYHOI KOBKH, 3
KIJTbLIEBUIHIM OpPHAaMEHTOM, albTaHKa daciB Karepunn
II. Mapk 3agymaHuii sik MOJIENb 3eMHOI KyJli B MiHIaTIopi,
OyB CTBOpPEHHII CTABOK 3 OCTPIBIEM, Ha SIKUH JlicTaBaJIICS
nopoMoMm. BoHu cuMBomizyBanu “okeanH” Ta ‘“‘MaTepHK’,
Oynu Takox “npoToka’, “3aroka”, “miBoctpiB”. HuHi y
MapKy HAJTIYyeThCs ~25 BUJIIB JICPEBHUX HACAKEHb.

CynuMiBCHKHIA napk (c. CynuMiBKa,
Bopucninecekuit p-H) 3axmageHuit 'y 16 cr., gk cax
HAaBKOJIO KaM’siHOI LEpKBH, 3aKIaJeHOI T'€ThbMaHOM
IBanom Cymumoto. ITnoma napky 16.7 ra. ®nopa mapxy —
ny6, Oepesa, suimHa (B OCHOBI MiIIaHWHA Jic), € PYiHH
OymnmHKy 18 CT., cKidchka kaM’stHa 6aba. Konekmis mapky
Haimigye moHax 30 BUAIB MICIEBUX Ta €K30THYHHUX MOPiJ
JiepeB 1 yarapaukis, Bikom moHa 200 pokis.

Tamancekuit  mapk  (c. Tamans, Ilepescnas-
XMeNbHUIBKAN P-H) 3aCHYBaB KHs3b ['OpYakoB B KiHII
18 cr. IInoma mapky ~144 ra. Ha Tepuropii mapky
3HAaXOAMBCA HOrO TPUIIOBEPXOBHH Mamary Ha 96 KiMHaT,
mopyd — Tearp, Oyiam CiyxO00BI NPUMILICHHS: XIiOHI
KOMOpH,  CTaiiHi, KOIIApW, TEJSATHUK, MEKapHs,
opamXxepesl, TeIUIHIL, 3BIpUHEeIb, 3UMOBHHI CaJl, NTAIIHUK
3  eK30TMYHUMHM  BHAaMH  nTaxiB. Mexl  Mix
OKYJIBTYPEHHM 1 AUKNM JIiCOM He 0yJI0, TaISIBUHH IUIaBHO
NIepEeXOWIN B aJbIiHCHKI JIYKH, KBITHUKH, JIic. 3a 4aciB
I'opuakoBa y mapky OyJ0 CTBOPEHO 3 CTaBKH 3 PHOOIO.
VY 1920 p. nanar Ta cry)00Bi IPUMIIIIEHHS 3pYHHYBAIIH,
mapk meperBopuBcs B Jic. HuHi Ha Teputopii mapky
HaiuyeThes ~36 BUJIB JepPEB, KYIIiB Ta JiaH 3 26 pojiB
18 pomuH.

SIrOTHHCBHKHI Mapk (M. SITOTHH) 3aKiIaJeHuid B KiHII
18 cr. rpahom Po3ymMOBCHKMM pa3oM y HOro Maerky 3
nananoM. [Tnoma napky ~120 ra. daopa Oyna 3aBe3eHa 3
€pporn, A3ii, Awmepuku. Ha Teputopii mapky
3HaXOQUThCS manan Po3ymMoBchkuX-PenHiHMX — (HUHI
KapTHHHA Tanepes), ¢uirens, B skomy xuB llleBueHko,
nam’sitiuky Karepuni Binokyp, Muxkoani 'oroimo, enuna
B KuiBcekiii oOsacTi ajess mam’sgTi 3eMIIsIKaM, JBigi
I'eposim Bemmkoi Bitumsasaroi BiitHn. Takcaris mapky He
MPOBOAMJIACH TOHAJ MIBCTONITTA, ajle y HbOMY
30epiraroThCsl YUMANIO BHIIIB €K30THIHHUX POCIIHH.

JlanamaTHAH ~ 3aKa3HUK  3arajbHOJEPXKABHOTO
3HaueHHs “Xytip UYyOuncbkoro” (c. YyOHHCBKe)
po3TamoBaHMi Ha 3eMJSIX BennkoosekcaHIpiBChKOT
cimbpamu y cemi Yybuncekomy. Ilmoma ~10 ra, e
3HaxonuBcs xytip IlaBna IlnaronoBuya YyOHMHCBKOTO.
3aka3HUK CTBOPEHUIH 3 METOI0 30epeKeHHs MICLEBOTrO
nanamadTy, pOCIMHHOIO MOKPHUBY 1 BiKOBHX ay0iB, 1110 €
TOJOBHOIO ~ OKpacoto  caambu II.  YUyOmHCBKOTO.
VY 3aKka3HUKy HaNYyeThcsl MOHaX ~15 nexopaTHMBHUX
TOpi AepeB.

3 He3apeecTPOBAHMX ACHIPOJIOTIYHHUX MaM SITOK, SIKi
30eperyin pekpeariiiHy Ta TypUCTHYHY HpUBaOJIMBICTD,
MOXHA Ha3BaTH, sK MiHiMy™m, 4 mapku. Tak, napk
JlememriBcekuit (SrotmHCBKHH p-H) MIomero ~10 ra,
saxnagennit y 1832 p. 6ina 6ynuaky B.O. 3akpeBcbkoro.
Huni napk cknagae ~4 ra. Ilapk cTBOpeHHUI 3a MPOSKTOM
apxitekTopa UYepBIHCHKOTO MICIEBUMHU Kpimakamu. B
MapKOBY 30HY BXOIWTH KalllTAaHOBa aiesi, 2 AyOW, Iix

skumu mcaB T.I. IlleBdenko cBoi Bipmmi, Ta cTaB,
MTY9HO po3poOJeHHH 3a Haka3oM 3aKpeBCHKOTO.
Jennponoriyanii aHai3 mapKy He 3iHCHEHO.

Jlanmmadtanit mapk c. Bykm (CkBHpCBKHIA p-H)
romero ~2.7 ra 3aknaneHuit y 1996 p, 1 nikasuit y Oyap-
AKy TOpY pPOKY PpiAKICHUIMH JepeBaMH Ta KyIIaMH,
cTaBkamMu Ta (oHTaHOM. 3 ONIIOBHX MalIaHUUKIB
BIIKPUBAIOTBCSI ~ MaJbOBHUYI  JIAaHAMWAGTH  HapkKy,
OpHTiHANBHI apXITeKTypHI CIOPYOH, BHJI Ha PpIiuKy
PocraBuia, ne mobOymosano Mini-I'EC. Ha Tepuropii
napky 3pocrtaioth ~20 MICIIEBHX Ta €K30THYHHX MOPIij
JepeB Ta KymiiB. OCHOBHY NpHBabJIMBIiCTh NapK HaOyB 3a
pPaxyHOK YHIKQJIbHOTO CKeJISICTOro mnaHamadry pidkn
PocraBunss Ta MalcTepHO BHHCAaHMX Yy JaHgmadr
apXiTEKTYPHHUX CIOPYA.

Mapk mpu wmy3ei-canubi 1.C. Kozmoscbkoro (c.
Map’sHiBKa) noTtonae y pisHOOapB’i MalibB, SIKi BIHKOM
OTOpHYJIH Oily XaTHHY IIifi COJIOM STHOIO CTpPiXOo, Je
HapoJuBcs BuaaTHUM cmiBak XX cT. [Ban Ko3noBchkui.
ITapk momero ~0.7 ra 3 mepexpecTsiM aliei CIUTaHyBaB
IBan CeMeHOBUY pa3oM 3 BIIOMHUM apXiTEKTOPOM MapKiB
S. Pynpkum y 1960-ti pp., SK CHMBOJN XpecTa y
TepHOBOMY BiHKY. [lopsa i3 mapkoMm € (pyKTOBHH can
(st61yHi, TpyIII, BUIIHI, YEPEIIHi, CITUBH).

Mera gocjigKeHb

3Bakaroud Ha BKa3aHWUH TEpeliK Ta OCHOBHI
XapaKTepUCTUKU ICTOPUYHUX Ta JaHAMAa(THUX MapKiB
KuiBmimHM, MM CTaBUMO Ha MeTi IIOKas3aTu, IO
CTapOBUHHUH JMIIOBMH Tapk y cenumil Hewmimaese 3a
KOMIUIEKCOM O3HaK Ta BHJIOBHM pI3HOMAHITTSM TEX
Mijmagae mij| nepestik 00’ekTiB, ki MOTPEOYIOTh OXOPOHH
nepkaBu. Taka oxopoHa  3a0e3mnedyerbcs — uepes
BKITFOYCHHSI 00°ekTy no mepeniky [I3® 3 HacTymHHM
BIZTHOBJICHHSIM Ta PEKYJIbTHBALIIEIO.

BigmoBimHo mo 3akoHY MpO MPHPOIHO-3AMOBITHHN
¢donx Ykpainu, y nacnopmi napky, SIKUA TpeTEHIye HA
BKITFOYCHHS 110 00’ekTiB [13®, Mae Oyt inpopmaris Ipo
foro biopisnomanimms. OIHAK, IOBHOTO MEPETIKY BUMIIB,
IO 3pOCTAlOTh y JAHOMY MapKy, HeMae, SK 1 HOro
JIETAJILHOTO JICHAPOJIOTIYHOTO aHAMI3Y.

Pe3yabTaTn 10ciigxeHb

JlocToBipHMIA TTOBHHN CIHCOK IEHAPOMIOPH MapKy
MOYKHa OTPUMATH Ha OCHOBI MOIITYYHOTO OOJIKY POCIIHH.
MeToro poOOTH € moBecTH IiHHICTH HewmimaiBchbKoro
JIMIIOBOTO MapKy, sk 00’ exty I13®, Ha OCHOBI AETATBHOTO
00miky menapoduopu. s Mporo BUPIIIyBaly 3aBJaHHS:
BUSIBUTH TIOBHUH BHJIOBUH CKIax JAeHApodIOpH Ta
JeKOpaTuBHI (GOPMH POCIWH; MiApaxyBaTH KiJIBKICTH
POCIIMH  KOXXHOTO BHJY; TPOBECTH CHCTEeMaTHYHUH,
OGioMopdonoriyamii, reorpadiuHUil Ta CO30JIOTIUYHUH
aHamiz  aeHApodIIOpH;  BCTAHOBUTH  KIBKICTH  Ta
HalOUTbIMK miamMeTp cToBOypa HalcTapimmx aepeB
TapKy.

OO0’€eKT 0CHiKEHb — CTAPOBUHHUH JIUIIOBUH TTApK Y
cemumi  cMmT.  HewmimaeBe  (BopoxsHcbkuit  p-H,
By BioximiuHa, 1). [IpeaMeToM JOCHTIKEHD € ICTOPHYHI
JpKepella, MaTepiajiy Takcallii, )ypHall 00CTeKeHb, 3BITH
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€KOJIOTIYHOTO MOHITOPUHTY TapKy Ta HOTro OKOJIHIIb,
PE3YJIbTATH TOTEPEIHIX TOCHTIKEHD [4] TOIIO.

HewmimaiBcpknii  mapk  3akiafeHW |y  Tepmii
nmosioBuHi 19 cr. rpadom Kapnom Cakenom, milicHUM
TAaEMHAM pagHUKOM, Mo ciuyxuB y Jlipmaamii, i OyB
repoeM BitumsnsHOi BiftHEm 1812 p., skoMy 3emui Ta
Ma€TOK MOAapoBaHi 3a 3aciyrd mnepea BituusHoro. Ilo
Horo cMepti MaeTOK JicTaBcs Kameprepy IBany
Xpucrodoposuuy on aep OcreH-Cakeny, sKuii momMep y
1853 p., a micas HBOrO — HOrO CHHY, TeHepal-Maiopy
rpady Kapny IBaHoBuuy on nep Ocren-Cakeny. Pazom
3 MaeTkoM pony CakeHiB Hauexanu 3eMil 3 cellaMu
Mupougbke, Muxynudi, ITununoBuui, Baowumi,
IMopockotens. Ilmoma mapky ~5.5 ra. Jlo mapky npuisirae
¢pykroBuii canm mmomero ~10 ra. Ha Teputopii mapky
3HaxXoJwiaacs HOro JITHA IajlaloBa PE3WICHIIS, fKa B
paAsHCBKI YacH TpaBmia 3a OyOUHOK KYJIbTypH — HHUHI
BiZl HBOTO JHMIIMINCH pYyiHH. B mapky 3HaxomsTbes
JIBOXCOTPIYHI JIUIH, COCHH, BepOH, Ta iHmI (qy0, jwuma,
OCHKa, sIBip, SICCH, JIIMHA, COCHA 3BHYaiiHa i T.1.). Yepes
TEPUTOPII0 TMapKy IMpOJISTa€ JAHIIOT MaJbOBHUYUX
CTaBKiB, BNHCAaHUX y TMoxwiuil janamadt. Ha BogHOMY
mieci JBOX CTaBKiB € OCTpIBI, 3apocili BepOOIO30M.
Beperu craBkiB oToueHi sBopamu Ta TonossiMu. CaM napk
po30MBaBCS 3a KaHOHAMH aHIJIIHCBKOrO cany, a Horo
penbed A€o Harajaye 3HAMEHHTY YMaHCBKY IIaM SITKY —
napk “CooiiBka”. [lo napky npuisirae s6nyHeBuii caz [5].
B ocranHiI poku mapkoBi pyiHHM CTaJIM aBaHCLEHOIO JUIS
PI3HUX MHCTCIBKUX aKIii — XYJOXKHIN IUICHEp, JITHIiH
(decTuBaNb TEATPIB TOIIO.

Ilonpu pyiny 1 3aHexbaHicTh, MapKk JocCi €
HETIOBTOPHUM  KYTOYKOM  IIOJCBKOI  HpPUPOIH 3
peNiKTaMu, 3aHECEHHMMH 10 YepBOHOI KHUTH YKpaiHW.
BpsToBaHMii  Bi 3HWIIEHHS 3yCWUIAMH  MicIeBOi
rpomancekoi opranizamii “Ham gim”. Ilmanyetbcs 3a
paxyHOK CyOCHIiN JiepkaBH Ta MELEHATIB NEPEeTBOPUTH
Horo y IeHapornapk 3a MojeIIo “Ykpaina B MiHiaTiopi” 3
arpapHo-ZIOCHiIHUM ~ KOMIUIEKCOM  IiJi  [aTpoOHAaTOM
LenrpansHoro 6ortaniynoro cangy iM. M. I'pumka HAH
VYkpainu (M. KuiB). 3a pe3ynbraraMu BUBYEHHS TOLLIEHO
MPUCBOITH HOMY CTaTyC — HApPK-HAM SAMKA Ccado080-
napKo8020 MUCmeymea Micyeso2o 3HAUeHHs.

3rifHO MpaBWJI yTPUMAaHHS 3€JICHUX HACA/DKEHb MICT
Ta IHIIMX HACEICHMX IyHKTIB YKpaiHW, 3a IUIOMICIO
JUMOBHH TapK € MaauM mapkoMm. Llg  minsHKa
3HAXOJUTHCS HA MEXI ICTOpHYHOro apeany cenuimia [5].
ITapk cTBOpEHO 3a PillICHHSIM BUKOHKOMY CEITUIIHOI pajiu
y 2016 p. IIporsrom 116-piuHOrOo mepiomy pO3BUTKY
cenuIla BiH OyB HEBIJI'€MHOIO CKJIJOBOIO HOIO >KUTTSL.
3ragye mapk Outst ¢. Mupompske O.Jl. Jluma, sikuit

posrmsimaB  iloro  cepexn  “IeKOpaTMBHHX — MAapKiB
KuiBuipau, sIKi CTAHOBJSATH IHTEPEC 5K ICTOPUKO-
KynpTypHi mam’stku”  [6]. lle Haiictapimmii i

HAMOLIBIINI MAPK CeNHIIA SK 32 CKIAaIOM HACallXKEeHb, TaK
i ix xommosumiero. [lapk crulaHOBaHWH y MPHPOTHOMY
CTHJII 3 CHCTEMOIO 3BHUBUCTHX JOPDKOK, CBITIHUMH
rajsiBUHAMH, KPAacUBUMH JAHMIMIA(QTHUMH JCPECBHUMH
TpyIaMH i MOJIOTUM CITyCKOM JIO BOJHOTO IUIeCa CTaBKiB.
Jlanowaghmmui ymosu napky. JIMIOBUH NapK TUIOIICIO
5.5 rTa po3TamioBaHWl B MIBHIYHO-CXIJHIH YacTHHI
cemnma Hewmimaee boponsHchkoro paitony KuiBchkoi
obmnacTi, Ha Bigmani monan 1 kM Bix Tpacu KuiB-Kosens.
Bin mexye 3 miBneHHoro 0oky 3 Bynuieio Ilapkosa, ne

MMOYMHAETHCS canauOHa JKHUTIOBAa 3a0ymoBa TPHBATHOTO
cexropy cenuma (MacuB bioximiunmi).

3 TpOTHIEKHOTO OOKy TapKk  OOMEXYeThCs
BU/IOBKCHUM CTaBOM, YTBOPEHHM pO3JIMBOM pPiuKn
OpnsHka. BomHe muteco craBy € HEBiIITFHOIO YaCTHHOIO
mapky, i 3 MiBHIYHOTO OOKy MEXye i3 TopoaaMu
cyciaporo ¢. Muporpke. 31 cxomy HapK NMepexoguTh y
KpyTy # pgocuth rimboky (~6 M) Oanky, ska
BUIIOJIOKYETHCSI HA INIBHIYHUM CXiJ Ha piBeHb I'OPOJIB
xwurteniB cMT. Hemimmaese. [3 3axiqHoro 00Ky mapk BiJIEHO
nepexoauts y (QpykToBHH can miomero noHan 10 ra,
SIKUM TEX BBaXKAETbCS YACTUHOK LBOIO MNapky. Pyinu
KOJIMIIHBOTO Tajlally pPO3TalloBaHi B KiHIN Iia i3HOI
JIOpOTH, OIS HEHTPATBHOTO BXOMY B MapK, ONmK4e IO
WOTO MiBAEHHO-3aX1AHOT YaCTHUHH.

Pationysanus napky. 3a reo00TaHIYHUM
paiionyBaHHAM YkpaiHu cMT. HewmimmaeBe mepeOyBae y
Mexax [lomicbkoi JicoctenoBoi mpogiHIii JlicocTenoBoi
miro6acti (30Hu) €Bpasiiickkoi cTenoBoi obmacti [7].

leorpagiuno mapk po3TalIoOBaHUI B  Mexax
aNIOBIAJILHOTO CXWly TpaBoro 6opry IlpumHinpoBcbkoi
HU30BMHM, 3  HETOPYUIEHUM  CYOTrOpPH30HTAILHUM
3QISTaHHAM OCaJOBHX BifKnamis. I[pyHTH B Mexax
TepuTopii, Ha SKiii pO3TalIOBaHWN HApK Ta MAETOK, B
OCHOBHOMY, CyHiIaHi Ta JEpPHOBO-TIA30JHCTI, 3
ONMU3BKAM 3alsTaHHAM [0 TIOBEpXHI MiA3€MHHX BOJ
(imxkomm He Timbme 1 M). € HEOIHOKpaTHI BUXOAW Ha
MOBEPXHIO MIMIAHO-TIMHUCTUX TOPi, IO YCKIAIHIOE
o3eneHeHHs Tapky [8].

Penved mapky mnepeciueHuii, 3 TOCTYyOBHM y —
3axigHi HOTO YacTHHI, Ta JOCTATHBO PI3KUM — Yy CXiJHIH
nepenajgoM BUCOT (TIIICOMETPUYHA KpUBA Ma€ CKIaIHY
(dbopMy 3 HAPOCTAHHIM TPadi€HTy y Oik OanKu). 3arajibHe
roJjiore 3HW)KEHHs penbedy crocrepiraeTbess y Oik
cTaBka. BennuuHa TepeBHUIIEHHS IiBJICHHOI YacTHHU
MmapKy, JI¢ pO3TalloBaHi PyiHM manany, HaJ MiBHIYHOIO,
TIPUJIETIION0 JIO CTABKA, CKIIATA€ ~5 M.

IMapx posramoBanmii y 30HI KuiBcekoro Ilomices.
KmiMatr maHoi 30HM TOMIpHO-KOHTHHEHTAJIbHHH, 3
HECTIMKOI0 3HMOI0 1 TIOMIPDHHM JITOM, HEYaCTUMH
omanamu. Cepenns Temmeparypa BiiTKy +25 °C, B3UMKY
— 16 °C. 3a arpoxJliMaTHYHUM paiOHyBaHHSIM YKpaiHu,
TEPUTOPIS  BITHOCHTBCSL 0  IOMIPHO  MOCYIUINBOL
arpoKJIiMaTU4HOi 30HH 3 TIAPOTEPMIYHUM Koe(dillieHTOM
0.7-0.9, cymoro aktuBHUX Temmeparyp 2200-3000 °C,
KUTBKICTIO omaiB 715 MM Ha pik, 280-360 MM 3a Teruuii
Mepiol pOKy, TPUBAJICTIO TEpioqy aKTHBHOI BereTamii
pocmua  160-179  mHiB, TpHBamicTIO 0€3MOpPO3HOTO
mepiofy Ha MoBepxHi IpyHTY 170 mHIB, BereTamiiHOrO —
100-120 muiB. BiTpum mepeBaxaroTh MiBIEHHO-CXIi/HI,
MiBJCHHI, B3UMKY — MiBHIYHO-CXiHi, IHTCHCUBHICTIO ~5-
15 w/c. 3arampHmit penbed TepuTOpii pailioHy, me
PO3TAIIOBaHHUI TMapK, € CIa00XBHISACTOI PIBHHUHOI 31
3HAYHOIO KIIEKICTIO MUCKOMOMIOHMX 3ama uH, Mac HaXHI
~0-1° na niBnenb. OnaniB 3a pik Bunagae ~440-560 mm.
CepenubopiuHa Temmepatypa — B paioni ~6,3 °C,
ammutityna — Big —24,6 °C mo + 34 °C. CepennpopiuHa
KUTBKICTh OMaJiB carae ~527 MM, HalOUIbIE — Y JITHBO-
ociHHi# mepioa. MakcuMaibHa TIIMOMHA IpOMEp3aHHs Ha
piBHUX ninsHKax csrae ~135 cM, miHiManpHa ~40 cM,
cepenas ~88 cm. Y Burmani cHiry Bumamae ~22-30%
piYHOI KINBKOCTI OmamiB, SKi HpH OOOpHX YMOBax
BOJIOTIOTJTHHEHHS CTBOPIOIOTH 3HAYHI 3amacu
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MPOAYKTHUBHOI BOJIOTH y TPyHTI Ta 3a0e3meduyroTh
(GOpMyBaHHS ZOCTaTHEOTO IPUPOCTY AEPEBHUX KYIBTYP.
3amacu TPOAYKTUBHOI BOJIOTH y METPOBOMY IIapi
IpyHTY Ha mouatKy Beretamnii ~120-170 MM, HanpuKiHIi
Bererarii ~70-90 mM. IloBTOproBaHicTh aTMocgepHOi
MTOMIpHOI TIOCYXHM CTaHOBUTH 9-15 mHIB Ha piK, CyBOpoi
~2-5 #HiB, ciocTepiraTh cyxoBii ~1-2 mHi 3a pik [7].
OOcrexxeHHs mapky mpoBeneHo y BepecHi 2016 p.
MapUIpyTHUM METOJIOM. Oo6csr JneHapodiopu
po3risimaBcst 3rimHO pkepen [9]. BusHadeHHS BuUIIB
pocnun npoBoawin 3a [10, 11], nekopatuBHux GopM — 3a
O.1. KonecuukoBum [12]. Ha3Bu pocnuH HaBe/eHi 3a YeK-
mctoM [16], oOcsar poauH — 3a ocTaHHIME maHuMU [12].
JKutTeBi popMu BHU3HAUYAIH 31 CIIOCTEPEKEHh HA OCHOBI
knacudikamii I.I. CepebpsaxoBa [14]. T'eorpadiunmii
aHali3 3MiCHEHO 3a (IOPUCTUYHAM pPaiOHYyBaHHIM
3emmi AJL. Taxrtamksua [11]. TIpoBemeHo momTyuHuid

OOJIK pOCIMH TMapKy, IipaXxOBaHa KUTBKICTH POCIHH
KO>KHOT mopoau. J[i11 KypTHH BCTaHOBIIIOBAJIM iX IUIOILY,
JUIA  TPYHTOTIOKPHBHUX POCIMH — KUIBKICTH MICIb
3pOCTaHHS, IPUOJIN3HY IIJIOILY HOKPHUTTSI HUIMHU IPYHTY.

Haiictapimi nepeBa BCTaHOBIIOBAJIM 32 HEHPSIMHUM
MOKAa3HUKOM — HaWOIMBIIMM JiaMeTpOM CTOBOypa Ha
piBai ~1.3 M. OXOpOHHHIl CTaTyc BH[IB BHUSBISUIN
BimmoBiAHO 10 YepBoHOoi kHUTM Ykpainu [15] Ta
enekTpoHHOi 6a3m mammx Yepsonoro cmucky MCOII
2012 p. [13]. 3a pesynbraramu Takcarlii, MPOBEICHOI Y
2006 p. BUABJIEHO, IO y MapKy HA TOW Yac 3pocrano 29
BU/IIB JIEPEBHUX Ta HAIMIBJEPEBHUX POCIHH 3 22 poxis, 13
pomun [17]. 3a pe3ynpTaTaMu IONATKOBOTO JETAIBLHOTO
obctexxeHHs y 2016 p. BCTaHOBICHO JOAATKOBO / BHIIB 3
3 pommH. OcTaTo4HWI TIepeNik  BUAIB  POCIHMH
HewmimraiBcpkoro mapky 3a aOeTKOIO JIATMHCHKUX HasB
HaBeJeHU y Tabm. 1.

Ta6auusa 1. Bunosuil Ta KinbKiCHHHA CKIa] NeHAPO(IOPH MapKy.

Kinb- % 3ar. Kur-
No Bun, xynetusap Pomnna KICTh KIJIBK. TEBA
- pOCIHH pociL. ¢dopma
JATHHCHKA Ha3Ba | yKpaiHChbKa Ha3Ba YKp. Ha3Ba eK3. % Tun
Pinophyta — xBoiini
1. | Picea abies (L.) Karst. SlnuHa 3BUuaiiHa CocHoBI 3 A
2. | Pinus sylvestris L. CocHa 3BH4aiiHa CocHoBi 10 pl|
MagnolioPhyta — nokpuTonacinui
3. | Acer negundo L. KIICH SICCHOJIMCTUI Krnenosi 5 J-K
4. | Acer platanoides L. KJICH TOCTPOJIMCTHH Knenosi 2 A
5. | Acer saccharicum L. KJICH IIYKPUCTHH Knenosi 2 A
6. | Acer tataricum L. KJICH TaTapChKUil Knenosi 1 J-K
7. | Aesculus hippocastanum L. TIPKOKAIITAaH 3BUYaiHUHA IipkokainraH. 0.1 I
8. | Ailanthus altissima Swingle BiJIbXa YOpHA Bepesosi 0.2 A
9. | Betula pendula Roth. Oepesa noBucia Bepesosi 0.1 A
10.| Carpinus betulus L. rpad 3BUYaiHUH Bepesosi 0.1 A
11.| Corylus avelanna L. JIMHA 3BUYaliHa Bepesosi 0.05 K-J1
12.| Crataegus monogyna Jacq. TJIi/1 OJTHOMATOYKOBHH Po3oBi 0.1 J-K
13.| Crataegus submollis Sarg. I M’ SIKyBaTHH Po3oBi 0.05 A
14.| Prunus divaricata Ledeb. anuJa Po3ogi 0.02 J-K
15.| Prunus domestica L. CJlIMBa JOMAIIHSI Pososi 0.03 I
16.| Pyrus communis L. rpyuia Jiicoa Po3oBi 0.02 A
17.| Rosa Canina L. LIMMIIMHA cobaya Po3oBi 0.02 K
18.| Rubus caesius L. 0)KHMHA Po3oBi 0.01 HK
19.| Populus alba L. TormoJst Oisa Bep0Oosi 4 pl|
20.| Populus deltoides Marsh. TOIOJISI KaHaJIChKa Bep0Oosi 3 A
21| Populus simonii Carr. TOIIOJISI KUTalChKa Bep0Oosi 1 A
22| Salix alba L. BepOa Oina Bep0Oosi 0.1 A
23.| Tilia cordata Mill. JIVIIA CePICITUCTA JIunosi 51 I
24| Tilia platyphyllos Scop. JIMIIA NIMPOKOJIMCTA Jlunosi 7.5 pi|
25.| Fraxinus excelsior L. SICCH 3BUYANHUIA MacnunHi 0.1 pi|
26.| Quercus robur L. Jy0 3BUYaliHUA Byxosi 0.2 pi|
27| Robinia pseudoacacia L. po0OiHis 3BUuaiiHa BoboBi 0.2 A
28.| Sambucus nigra L. Oy3uHa YopHa By3uHoBi 0.01 K-J1
29.| Ulmus laevis Pall. B’SI3 IrIaJ€HbKHUI IneMoBI 0.01 pi|
30.| Syringa vulgaris L. 0y30K 3BHYalHHI 0.01 K-J1
31| Viburnum opulus L. KaJMHa 3BHYaliHa 0.01 K
32| Cornus mas L. JICpEH CIIPaBXHIN 0.01 K-J1
33.| Euonymus europeana L. OpyciinHa eBpONeHChKa 0.01 K-J1
34.| Spiraea x vanhouttei Zabel taBosira Banryrra 0.01 K
35.| Vinca minor L. 0apBiHOK MaJIMi 0.01 I'Tl
36.| Viscum album L. omerna Oina 0.03 1
Pa3zom 100
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TunoBwuii 6ioreoIeH03 sl TEPUTOPIi MApKy — JIICOBI
Haca/PKCHHS THITY CBiXkKa KJICHOBO-JIUTIOBA MiOpoBa (/o-k-
aJT). 3rigro [17], 3a CymiiBHAM TEpPETiKOM TakcarliiHa
xXapakTepucTuka HacakeHb Taka: 7JImalKnrlTualCs
(70% — numa, 10% — kuen, 10% — Tomous, 10% — cocHa).
Hacamxenns crBopeni y apyriit mon. XIX ct. akTHaHIHA
BiK roJioBHOI mopoau — junu cepuenuctoi (Tilia cordata
Mill) — nonan 160 pokis, cocuu, smuHu — 10 150 pokis,
KJIeHa Ta iHmuX nopix — a0 95 pokie. CepemHs BHCOTa
nunu ~26.8 M. cepenHiit niametp ~54.4 cM, 00’eM Jepesa
~2.83 M%. Okpemi gepeBa MaroTh AiameTp 98 cM i Ginblre
i3 3amacom ~8 M3,

IIposenenuit y 2016 p. mOmaTKOBHHA HEMPSIMHN
aHalli3 BIKOBOTO CKJaxy JIMLIOBUX HAcaKeHb, IO
POCTYTh Y3IOBX TOJOBHOI ajei mapKy, HaB Taki
pesyabTaT (TabauIs 2).

Tabmuusa 2. Cepenmuiii 00XxBaT JHO  y3IOBXK
LIEHTPAJILHOI JIMIIOBOI ajel mapky.
o | Bucora Cepenniit | ~[diamerp, | OOumc.

3amipy, M | o0xBat, M M BIK, P.
1. 2.1 1.9 0.61 ~125
2. 1.7 3.5 1.11 ~230
3. 14 2.1 0.67 ~140
4. 15 1.6 0.51 ~105
5. 1.2 1.7 0.54 ~110
6. 2.0 2.1 0.67 ~140
7. 1.7 2.6 0.83 ~170
8. 2.3 1.7 0.54 ~110
9. 2.9 2.0 0.64 ~130
10. 14 2.1 0.67 ~140

OcCHOBHA pOJIb NMapKy — €CTETHYHA 1 IPyHTO3aX1CHA.
3 miBHOWI 1 CXOIy NapKy MicTunach Oanka Ta sp.
CTBOpEHHsI NapKy CHPHSJIO TNPHU3YIHHEHHIO IIPOLECIB
eposii IpyHTY 1 po3muBy OeperiB. Penped mapky mae cxun
B TIBHIYHOMY-CXiTHOMY HampsMKy a0 ~5 M. OdeBHAHO,
mo Oigplla 4YacTWHA TApPKy Y MHHYJIOMY Maja
naHamadTHE MIaHYBaHHA. AJle TEpPBHHHE IUTaHYBaHHS
MapKy BTpaueHe. 3alHIIMIAcCh JHIIEC IIEHTpalbHA ajes,
BeJINKAa TajJsBHHA, OKPEMi KypTHHH 3 COCHM 3BHYaiHOI
(Pinus sylvestris L.) Ta Binbxu udopHOi (Alnus glutinosa
(L.) Gaeitn). 3apa3 mapk NepeTUHAIOTh TIIBKH TPAH3UTHI
IPYHTOBI JIOpPOTM Ta CTeXKH. MDK cagoM Ta HapKkoM
3aJIMIIUBCS MEXOBUH Baj. 3 IOT0 K OOKY € 3aXHUCHHUH
BaJI 3 TOTOII KuTalchkoi (Populus simonii Carg).

Xapaxmepucmuka Hacaodcenb napky. Y TapKy
3pOCTalOTh JiepeBa Ta KyIIi, sAKi Haiexatb 10 36 BUIIB 3
22 poniB 13 pomus (tabn. 1). KinbkicTe BUIIB HE3HaYHA,
ajie y CHHCOK BXOAWTH 2 BUIW XBOHHMX POCIHH — SIMHA
3BuvaiiHa (Picea abies (L.) Karst) Ta cocHa 3BUYaiiHa
(Pinus sylvestris L.), cepen NHMCTIHUX € 2 HE IyXe
MOIIMPeHi BUAU — g M’sikyBatuit (Crataegus submollis
Sarg.) Ta Tomons kutaiiceka (Populus simonii Carg).
Cepex BUIOBOTO CKJIay Taki )HUTTeBI hopmu: 24 BUan —
nepesa, 4 — kymii, | — HamiBkym1. IlepeBaxkaiounm BuaoM
y mapky € muma cepuenucHa (Tilia cordata Mill).
36epernucs BiKOBI JepeBa suMHK 3BM4aiiHOi (Picea abies
(L.) Karst), mumn cepuenucroi (7Tilia cordata Mill) Ta
BUlbXU  4opHOi  (Alnus  glutinosa (L)  Gaeitn).
HacamxeHHs 3a ydacTIO BIKOBUX JIepeB CTAaHOBIIITH
3HAYHY €CTETUYHY, ICTOPHYHY Ta €KOJIOTTYHY LIHHICTb.

Canimapnuii cman napxy. Ilonpu Te, OCHOBY MapKy
craHoBuTh yuna cepuenncHa (7ilia cordata Mill) — Bun,
KA BpaXaeTbcsi 3 BIKOM omenoro Ounoro (Visaum
album), y mapky omMenu Ha JHmax HeMae. € Kilbka
POCIIMH KJeHy IyKpuctoro (Acer saccarinum L.), Tonoii
kaHajacbkoi  (Populus deltoides Marsh) Tta 0Oepesu
noucioi (Betula pendula Roth), Ha sKuX 3’SBUBCS it
HamiBmapasut. BigcoTok BpaskeHHs HeBHCOKHH (15%),
TOMY HE TI3HO TIPOBECTH OOpI3Ky ypakeHuX riinok. Ha
Teputopii € okpemi Bcoxii mepesa. [lowamm 3’sBiATHCS
xami i3 KiIeHa siceHoNmcToro (Acer negundo L.) Ta
CaMOCIBY IHIIMX MaJOI[IHHUX EPEBHUX BUIIB.

Tepuropiss mnapky HIKMM He JOTJISIAETBCS 1
JoHenaBHa Oyia 3acMideHa MOOYTOBUM CMITTSM. Ajie
OCTaHHI 2 POKH, y 3B 513Ky 3 IPOBEACHHSM JIOBKOJIA PYiH
maetky OcteH-CakeHa psily KyJIbTYPHHUX —3aXOJiB
(TeatpanpHuil (ecTHBaNb, XYAOXKHIA IJICHEp) (acagHa
YacTMHA NapKy OYMILIEHA 1 MIHIMaJbHO BIIOPSAKOBaHA
3YCHJUIAMHU MiCIIEBUX aKTUBICTIB.

Bins Ganmku cepen HacaIKeHb 3BEACHO KiJbKa capaiB
Ta 3aroHiB, sKi JOLITBPHO BHHECTH 332 MEXi Mapky. 3a
mapkoM He Oyno HamexHoro morismy ~20 pokie. Uepes
Ile y HbOMY HHHI JIMIIHMJIKCS TIEpEeBAXHO AEpeBa, a Ky,
SIK MEHIII JIOBTOBiYHI Ta MEPEeBaXHO CBITIOIIO0HI BHJIH,
BUIIAJIH.

BumoBuii aHamiz BUSBHB: y TMapKy 3pOCTalOTh
JieKopaTuBHI (hopMu pociuH. 30Kkpema, 3 Tabn. 1 BuAHO,
mo y mapky cepen 173 pocivH KiTbKiCHO JOMIHYIOTh
Tilia (25 ex3., 14,5%), Populus (24 ex3., 13,9%), Pinus
(18 exs3., 10,4%). Yucensaumu € Acer (9 exs., 5,2%),
Prunus (7 ex3., 4%), Quercus (6 ex3, 3,5%), Fraxinus
(5 ex3., 2,9%).

KimpkicHO 9 BUIB MPEACTABICHI KUTBKICTIO POCIHH
11-20, 12 BuapiB marote 6-10 ocobun, 6 BugiB — 2-5
pociuH, 6 BHIIB mpexacTaBieHi 1 pocnnHOIO, iCHYe
HeOe3MmeKa X 3HMKHEHHS HaHOIMKYMM 9yacoM. BusiBiieHO,
mo Buxus sempervirens yTBOPIO€ 2 KypTHHHU 3arajJbHOIO
mwiometo 5 M%. Vinca minor BKpuBae rpyHT Ha miomi 5,5
M? y 2 nokamiterax. € Vitis vinifera Bucotoro 1 M
BUmagkoBoro mnoxomkeHHs. Ha  Tilia  tomentosa
3adixcoBano 1 exzemmsip Viscum album. Tak, y mapky
BUSIBJICHO 34 KyJIbTUTeHO(ITH Ta 2 CIIOHTAaHODITH.

CucreMaTU4HUN aHai3 3a CY4acHOIO
Kinacudikamiero KBITKOBHX pociuH [12] mokasaB, mo
npoBigHuMu € poauHu Poszosi (7 Bumi), Kienosi (4),
Bepesosi (4), Bep6osi (4), CocHoBi (2), Junosi (2).
Pemra, 12 ponun mpencrasneni 1 Bugom. IlpoBimHuMEI
ponmamu € Rosacea, mictuth 7 BumiB; Acer ta Ulmus, o 4
Buny; Lonicera, 3 Bumu. 3riqHo Kimacudikamii >KATTEBUX
¢opm LI. CepebpsikoBa [14], y mapky BusiBmin 10
KUTTEBUX (HOPM JIEPEBHUX 1 HAIMIBACPEBHUX POCIUH
(tadm. 3).

Maiixke BCl pOCIMHHM € JIEpEBHHMH, HalliBJepEeBHE
onne — Vinca minor. Cepen AEpeBHUX POCIUH
NepeBaXkaloTh JiepeBa, KymiiB y 2,3 pa3sud MeHIIe.
Kymukamu € Viscum — album  (HaniBnapa3uTHHA
BiyHO3eNeHuil). CHIBBIAHOLIEHHS JINCTONAJHUX  Ta
BIYHO3€JICHUX pociuH 4.4 Ha KOpHUCTh JcTonanHux. o
BIYHO3EJCHWX POCIHMH BIiTHOCATH BCi ToJOHACiHHI (2
BUAN), 2 BHAW TOKPUTOHACIHHMX pOCIWH; | BHI €
HaTIiBBIYHO3EIICHIM (Lonicera fragrantissima).
BiyHO3€neHi pPOCIMHM HAalOTh JAEKOPATUBHICTH IAPKY
MPOTATOM POKY, IX HAasBHICTb € BXKJIUBOIO.
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Tadaunus 2. CriekTp )KHUTTEBUX (OPM OCHOBHOT YaCTKH JIeHAPO(IIopH mapky.

FKurresa dopma KinbkicTs YacTka JieH-
poci., mt | apoduopu, %
JlepeBHi pOCIHHH 60 99,0
Jlepesa 42 83,0
JlepeBo ncTonaiHe 0JJHOCTOBOYpHE 22 73,3
JlepeBo BigHO3€ETICHE OTHOCTOBOYpHE 9 51
JlepeBo nucTonaaHe 0JTHO- a00 6araTocToBOYpHE 7 35
JlepeBo nmcronagHe 0HO-, 6araTocTOBOYpHE ab0 KyIII 1 1,0
Kymii 18 14,5
Kym npsimocrostauii nucromnagauii 17 13,5
Ky mianoinauii nucroma i 1 1,0
Kymuku 3 15
Kymuk HamiBmapa3suTHHH BIYHO3EICHUN 1 0,5
Kymuk npsMocTostauii BigHO3eIeHHH 1 0,5
Kymuk npsMocTostauii po3eTKOBHIl BiTHO3ETICHUH 1 0,5
HaniBaepeBHi pocinHu 1 1,0
HamniBkymr liaHOBUIHUN BI9HO3EIICHIH 1 1,0
Paszom 99 100,0

Tabauus 4. ['eorpadiunuii cnexTp AeHAPO(IOPH MapKy.

Apeanu Ta rpyIH apeais Kimbxicrs | Hactxa nen-
BUAIB, T | apodiopu,%

IupkymbopeasibHa rpymna 24 449

[{upkymbopeanbHuit 8 14,6
Cepea3eMHOMOPChKO-LIUPKYMOOpeaibHU i 10 18,2
IpaHo-TypaHCHKO-IIMPKYMOOpEaTbHUI 3 4,5
Cepea3eMHOMOPCHKO-IpaHO-TYPaHChKO-IIUPKYMOOpeaibHU I 3 7,6
AsiiiceKa rpyma 4 21,2
CxinHoa3ilicbKkuit 2 9,1
IpaHo-TypaHChKH 1 3,0
A3iicbKui 1 9,1
[TiBHIYHOAMEpHUKaHCHKA TpyTa 5 19,7

ATJIIAHTHYHO- T BHIYHOAMEPHUKAHCHKUI 3 13,6
ITiBHIYHOAMEPHKAHCHKHI 2 6,1
CepenzeMHOMOpPCHKA rpymna 2 9,6
Cepe13eMHOMOPCHKUI 1 7,6
IpaHo-TypaHChKO-CEePEA3eMHOMOPCHKUI 1 3,0
He Bcra"osieno 1 4.5

Paszom 36 100,0

Tadanus 5. KinbkicTs cTapux JepeB Ta iX HaHOUIBIINHA giaMeTp y napky.
KinbKicTh iepeB 3 JiaMeTpoM MOHA Y —— Yactka
Bun 50 cMm 60 cMm 70 cMm 80 cm JIiamerp, cM BeHHKI/LZ ACPeB,

Picea abies (L.) Karst. 1 - - - 55 20.0
Pinus sylvestris L. 2 - - - 57 18.2
Acer negundo L. 2 - - - 57 22.2
Tilia platyphyllos Scop. 16 14 7 2 84 27.3
Tilia cordata Mill. 4 2 - - 64 16.7
Quercus robur L. 3* - - - 57 22.2
Populus deltoides Marsh. 5 5 - - 62 38.5
Salix alba L. 1 - - - 52 20.0
Acer platanoides L. 3 3 1 - 71 20.0
Ailanthus altissima Swingl 4 1 - - 60 10.3
Pazom 42 22 10 2 84 21.5

*1 exzemmusip cyxuil. ¥ 5 BHIIB — 3a70BUIbHEe HaciHHeBe BigHOBieHHs: Ailanthus altissima, Celtis occidentalis,
Fraxinus excelsior, Robinia pseudoacacia, Ulmus minor, U. pumila, U. suberosa. IHTeHCUBHO BOHO BiJIOyBa€TbCs y
nepurx 2 BUAiB. B pe3ynpTaTi caMOBiJHOBJCHHS Ta BiJICYTHOCTI HAJISKHOTO AOTIISAAY MPOTSICOM TPHUBAJIOLO 4acy
KUTbKicHO goMinye y mapky Celtis occidentalis.
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YacTka BUIIB BiYHO3EIECHUX POCIHH HapKy (6,5%) €
3HAYHOIO, MO KIJBLKOCTI BIYHO3EJEHI CTAHOBIATH 23 €K3.
(13,3% Bcix pocnuH).

Teorpadiuanii aHamiz AeHAPOQPIOPH CBITIUTH PO
MepeBakKaHHSA IHTPOAYKOBAaHHX BHUIB (Tabm. 4), ToOTO
IHTpOoAyKOBaHI B YKpaiHy POCIMHHM CTaHOBIATH 56%. 3
IHO3EMHHMX  BHUJIB  [EpeBaXaroTh  a3iiickki  Ta
aMEpPUKAHCHKI.

Co3oJoriuHuii aHaji3 CBIJYUTH NPO HASBHICTH Y
mapky 1 Bungy 3 UepBonoi kuHuru VYkpainu (Taxus
baccata) 1 4 BuniB 3 UepBoHoro crnucky MiXHapoaHOTO
Co103y OXOpOHH TPHUPOJHU, IO MOTPEOYIOTH OCOOIUBOL
yBaru (Picea pungens, Pinus nigra, Taxus baccata, Tilia
platyphyllos). Bcboro pocivH, 10 MiUIATal0Th 0COOTUBIH
OXOpOHI, Y TAPKy HATIYYETHCS 5 €K3.

VY mapky 3poctae 42 nepea 10 mopin 3 miameTpom
ctoBOypa moHan 50 cM (tabn. 5). HailOimemmx po3mipis
csararote ocoounn Pinus sylvestris, Tilia platyphyllos Ta
Quercus robur. YacTka BENHMKHX JEpeB BiJ 3arajpHOi
KIJIBKOCTI €K3eMIUISIPIB  JTaHOT TOPOAU KOJIUBAETHCS Y
3HauHUX Mexax: Bif 18,2% y Pinus sylvestris no 27.3% y
Tilia platyphyllos.

BucHoBku

1. V napky BusBiaeHo 36 BUIIB Ta 5 IEKOPaTUBHHUX
(opM JepeBHUX Ta HaliBJEPEBHUX POCIHH 3 22 ponis, 13
pomuH, 11 mopsakis, 4 knaciB Ta 2 Binainis. [IpoBigHEIMU
ponunamu € Fabaceae (8 BumiB), Rosaceae (6), Oleaceae
ta Tiliaceae (mo 5), Aceraceae, Caprifoliaceae Ta
Pinaceae (o 4). MoHoBHI0BUMH € 6 poauH. [IpoBimHuMU
ponamu € Tilia (5 BuniB), Acer Ta Ulmus (o 4 Buam).
BiopisHOMaHITHICTE ACHAPOQIOPH MapKy IMpencTaBiIeHA
10 xurreBuMu popmamu 3a [14], GoTaniko-reorpadiuHa
— 11 tunamu apeaunis 3a [11].

2. Yactka iHTponykoBaHux BuniB (61%) y mapky
HaOnM)KeHa 10 BCTaHOBIEHOI 3arajoM Juisl MiBHOYI
VYkpaiau (70 %). Pocmunm, mo miansararoTh oQiliiHii
OXOpOHI Ha MDXKHapOJHOMY Ta Aep>KaBHOMY piBHi, — 3,6%
BCiX BuaiB Ta 6,6% BCiX 0cOOMH IeHAPOQIIOPH MapKy;
21,5% nepeBHHX IOpiJM NpENCTaBJICHI CK3EMIUISIpaMu 3
nmiameTpoM ctoBOypa >50 cM. YacTka CTapux pOCIUH Y
nmapky ~14,9% Bcix nepeB. KinbkicHa mepeBara cepen
JIEPEeBHUX TIOPiJ TUX, Mo m00pe BimHOBIIOIOTECA (Celtis
occidentalis, Ulmus minor, Fraxinus excelsior), CBIT4NTh
NpO BiZICYTHICTH MPOTATOM TPHBAJIOTO 4acy AOTISIY 3a
MapKOM.

3. Tlompu 3MmeHuIeHHS (OPMO-BUIOBOTO CKIAay
JICPEBHUX POCIHH, HOro MIHHICTH SK 00 €KTy >XHUBOI
npupoau, 30epekena. Ciif NPOBECTH  MOBTOPHY
JIeTAJIbHY TaKcallilo HacaJUKeHb IapKy, sika IUIaHYEThCS
Ha ociab 2018 p. JlomissHO BECTH MOCTIHHUI MOHITOPHHT

CTaHy pOCIHH, 00 3amo0irTh BiAMHUpaHHIO abo
3HUILEHHIO BH/IIB, MPECTaBICHUX OIUHOKUMH
EK3eMIUTSIpaMHL. JomineHo 30UIBIIUTH KUJIBKICTH

€K3eMIUISIPIB [IUX BHUJIB, MOBTOPHO BUCATUTH Ti BUAM i
dopmu, siKi 3pocTany y napky i 3HukiM (Sambucus nigra
f. laciniata, Fagus sylvatica f. purpureaq).
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AHAJIN3 JEHIPO®JIOPHI B IAHAIITA®THOM
IIN3AMHE CTAPUHHOI'O TIAPKA ITOCEJIKA
HEMUIITAEBO
H. II. Kysvmuney, 0. U. JJybosenxo, B. B. I[lamoka,

O. H. Kysvmuney

AHHOTaNMA. Creman KOMILIEKCHBIA
JICHIPOJIOTHICCKUY aHAIM3 JIMIIOBOTO Mapka B MOCEIKE
Hememaero. [ennpodnopa napka BriarouaeT 36 BUIOB U
5 nexopartuBHbIX (QopM pacteHud u3 22 pozgos, 13
cemeiicTB. Bemymmne cemeiictBa Rosaceae (6 Bumos),
Tiliaceae (2), Aceraceae, Caprifoliaceae, Pinaceae (mo 4
Buza). Benyuue pona Tilia (5 BunoB), Acer ta Ulmus (1o
4 Buga). KomuuectBenno  mpeobnamaror  Celtis
occidentalis L. (14,7%), Philadelphus pubescens Loisel.
(14,1%), 13 Bunos mpezcrasnensl 1 pacreHuem. B mapke
ecTh ex situ 5 SKk3eMIUSIpOB 3 BHIOB, MHOAJIEIKAIIHE

OXpaHe Ha TOCYapCTBEHHOM M MEXIyHapOIHOM ypOBHE.
B nmapke npounspactaer 42 nepesa 10 mopoxn ¢ nuamMeTpom
ctBona cBeime 50 cm. Hambompmme pasMepsl cTBONa y
Tilia platyphyllos (84 cwm Tilia cordata (64 cm), Quercus
robur (57 cm). AHanu3 1eHIPOQIOPHI CBUACTEILCTBYET O
LIEHHOCTH TapKa, Kak 00bEeKTa HPUPOJHO-3aMOBEIHOTO
¢doHIa YKpauHsI.
KiarodeBble  ciaoBa:  aHanus,

maHAmadT, OW3aiiH, JIMIOBBIA  MAapK,
Kuesckas 06macts.

nenapodopa,
Hewmemaeno,

DENDROFLORAL ANALYSIS IN THE LANDSCAPE
DESIGN OF ANCIENT PARK IN NEMISHAYEVE
Kuzminets M. P., Dubovenko Yu. I., Patoka V. V.,
Kuzminets O. M.

Abstract. The complex dendrological analysis of
Linden Park in Nemishayeve village is performed. The
park’s dendroflorae includes 36 species and 5 decorative
forms of plants from 22 genera, 13 families. The leading
families are Rosaceae (6 species), Tiliaceae (5),
Aceraceae, Caprifoliaceae, Pinaceae (4). The leading
genera are Tilia (5 species), Acer, Ulmus (4). Species
Celtis occidentalis L. (14.7 %), Philadelphus pubescens
Loisel. (14.1 %) predominate in the park’s dendroflorae.
13 species are represented with a single specimen. There
are 5 specimens of 3 plant species included to the Red
List of the International Union for Conservation of
Nature. There are 42 old trees of 10 plant species with
trunk diameter over 50 cm. The analysis of the garden’s
dendroflora shows its value as an object for natural
reserve fund of Ukraine.

Key words: analysis, dendrofiora, landscape, design,
linden park, Nemishayeve, Kyiv region.
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Anotanis. [I{omicsaus wa ITI1 "ManuHcbka MeOlieBa
¢dabpuka" nepepobdnserbes 750 T epeBHOI CHPOBHHH, ITi-
¢ mepepoOKu K01 oTpuMyeThest 592 1 Bigxonis. [loHe-
nmaBHa nume 274 T MokHa OyJI0 BHKOPHCTATH UISA Tiepe-
poOku B manmuBHI TpaHynd, a 318 T BHACHIIOK BHCOKOI
BOJIOTOCTi, HassBHOCTI 30JIOYTBOPIOIOYHX JIOMIILIOK, JOMi-
LIOK KJIe, OyiM AJIsl LBOro HENpUIaTHI. 3a paxyHOK
BIIPOBA/KCHHSI HOBOI TEXHOJIOTIYHOI JIiHIi BUPOOHHUIITBA
MAJMBHUX TPaHy i3 BIIXOIB AepeBOOOPOOKH i MeOeBo-
ro BUPOOHUIITBA, SIKA CKIANAETHCS i3 eXy MOAPiOHEHHS,
CYHIMJIBHOI YCTAHOBKH, HAaKOIMYYBaJbHUX Ta MPOMIXKHO-
ro OyHKepiB, ApoOapKy KiHIIEBOTO APOOJICHHS, TpaHyJIs-
TOpiB, IIPOCiOBaya, OXOJOMXKyBada Ta 3aTapiOBaIbHOI
MalllMHH, BJAJIOCh 3BUIBHUTH JEPEBHY CUPOBUHY BiJl KOpH
Ta BHKOPHCTOBYBATH CHpi JepeBHi Bimxomw. Bracmimox
BOTO KUTBKICTH BiJIXOJiB, MPUIATHHUX A BUPOOHHUIITBA
MAIMBHUX TpaHyd, 301mbImmiace 1o 525 t/mic. B minii Bu-
POOHHUIITBA MAIMBHUX IPaHyJl BUKOPUCTOBYIOTHCS YOTHPU
3/IBO€HI I'PaHYJISATOPH BIACHOT KOHCTPYKILIi MPOIYKTHUBHI-
cTio 110 500 Kr/roj. 3 KUIBLEBOI MaTPHLECIO PO3paxyHKO-
BHUM JiaMeTpoM 152 MM i OTHUM POJIMKOM JiaMeTpoM 88
MM. Po3paxyHkoBa pobOoda gactoTa oOepTaHHS MaTpHIl
cTanoBuTh 315 00/xB. [l MpHUBOJa rpaHysIsTOpPa 3aCTO-
coBaHuil Motop-peaykrop MP1-315 3 enekrpoaBuryHom
noryxHicTio 30 kBT.

Karouosi cioBa: meOneBa (adpuka, nmaiauBHI Ipa-
HYJIM, MAaTpHIlA, JCPCBHI BIAXOIM, BIIXOAH MEOJICBOTO
BHUPOOHUIITBA.

ITocTanoBka npodjaeMn

[IpuBarne mianpuemcrBo «ManuHcbKa MebieBa ¢a-
Opuka» — Ie MiAMPUEMCTBO, SIKE OCHAIICHE CY9aCHUM 00-
JIAJIHAHHSIM T4 BUTOTOBJISE ITUPOKHIA aCOPTUMEHT MPOJY-
kiii. OcoOJUBAM TIOTIMTOM KOPHCTYIOTHCS MHJISHI JIiCO-
Marepianm, KIeeHud Opyc Ta MeOJIeBUH IIUT, KOPIYCHI,
M'siki MeOi Ta MeOJsi Ha 3aMOBJIEHHS, CTUJIBII Ta CTOJIH,
MMOTOHAKHI BUPOOWM Ta IIMOHOBaHI MIKKIMHATHI JBepi.
TexHONOTIYHUN TPOIIeC 3aroTiBIi 1 IepepOOKH JAepEBUHU
MOB'SI3aHUN 3 OTPUMAHHAM BEIMKOI KUTBKOCTI BiIXOJIiB.
3aroTiBisl, BUBE3CHHS Ta NEepepoOKa ACPCBHUHU — TEXHO-
JIOTIYHI TMPOIECH, IO CYMPOBOKYIOTHCS BTPATO Yac-
TUHU JICPEBUHU, KA HEC BUKOPUCTOBYETHCS B IOJANBIIO-

My BHPOOHHUIITBI. 3arajibHUH 0OCAT BiIXOIIB 4acTo Tepe-
BHIIY€ KUIBKICTh OTPUMAaHOi roToBO1 poaykiii. Tak, mpu
3aroTiBii i BUBE3EHHI JepeBUHH 3 Jicy Omm3eko 20% me-
PEBHOI CHPOBHHH CTaHOBIISATH BIIXOAHM Y BUTJIIAI TiIOK,
MTHIiB, KOPEHIB, a 13 BUBe3eHO1 — O1m3bk0 20% CTaHOBUTH
HEJIoBa IepeBUHA. Y JIICOMMILHOMY BUPOOHHMIITBI KiJlb-
KiCTh BiIXoiB ckianae 35-42%, y MeOIeBUX BUPOOHHUIIT-
Bax — A0X0auTh 110 70% BiJ OTPUMAHUX MUIOMATEPiaiB.

AHaJIi3 0CTAHHIX TOCTiTKEeHb

B po6orti [1] HaBeneHi po3paxyHKH CUPOBUHHOI 0231
JUTsI BAPOOHMIITBA MAJTMBHUX T'PAHYI i3 BiIXOMIB JAEPEBO-
00po0Oku 1 MmebneBoro BupoOHuUITBa 111 "ManuHchka Me-
OsieBa abpuka". BeraHoBieHo, 1o momicsis Ha ¢padpu-
i mepepodnsierbest 750 T nepeBHOT CUPOBUHU, TICIIA TTe-
pEPOOKH K0T OTpUMYETHCS 592 T BIiIXOMiB, i3 AKUX 274 T
MOXYTb OyTH BHUKOPHCTaHi ISl IEepepoOKHM B MaJMBHI
rpanyiu, a 318 T BHACHTIOK BUCOKOI BOJIOTOCTI, HAsSIBHOC-
Ti 30JI0yTBOPIOIOYHMX JOMIIIOK, JOMIIIOK KIICIO, HETIPHIa-
THI I 1(bOT0. PO3paxyHKOBa MPOJYKTUBHICTh TPAHYJIIs-
Topa cTaHOBUTh 964 kr/rox. JIns BUrOTOBIICHHS Jepe-
BUHHHX TMaJUBHHUX TPaHy]l BUKOPUCTOBYETHCS ITaiChKa
niHisg npoxykruBHicTIo 1000 xr/roa. OmHak, HasSIBHOI CH-
POBHHU, IPUAATHOI Ui BUPOOHUIITBA TATMBHUX TPAHYI,
MiAIPUEMCTBO OTPUMYE O1IbINE, HIXK MOXHA TIEpepoOnuTH
mpu poOOTi iCHyI04Oi JiHIT TpaHyoBaHHs. ToMy KepiB-
HUIITBOM (Qabpuku OyJj0 MpUHHSATE PIlICHHS OpraHi3yBa-
TH JTOJATKOBY IIJBHHUINIO i3 BUPOOHUIITBA JCPCBHUX IIa-
JMBHUX TpaHyJ, migi0pary noTpiOHe oOi1agHaHHs 1 3MOH-
TyBaTH BUPOOHHYY JIiHIIO i3 HEOOXIJJHOIO NMPOAYKTHBHIC-
TIO 1 MOKJIUBICTIO 11 BJOCKOHAJIEHHS Yy MailOyTHbOMY, IIi-
JiOpaTH i BCTAHOBHUTH CYIIWJIBHE OOJIQHAHHS JUIS THPCH
Ta TPICKH, BEPCTAT Ui KOPYBAHHS KPYIIIUX JIicOMaTepia-
JiB, MO JacTh MOXJIMBICTH BHKOPHUCTOBYBATH TOPOWIIH
6e3 BMiCTy KOpH JJIs1 BATOTOBJICHHS [TAIMBHUX TPaHyIL.

Meta gocixxeHb
ToMy METOK HAIIMX IOCITIKCHb € BCTAaHOBJICHHS

CUPOBHHHOI 0a3u /s BUPOOHMIITBA MAJUBHUX TPAHYII i3
BIJIXOJIIB JIepEeBOOOPOOKH 1 MeOJICBOr0 BUPOOHHUIITBA HA
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YIAOCKOHAJICHIH JIiHIi BUpOOHHUITBA MaNMBHUX Tpanys [111
"ManmHCcEKa MebneBa (pabprka", BU3SHAUEHHS POTyKTH-
BHOCTI TpaHylisiTOpa Ta BCTAHOBJICHHS KOHCTPYKTHBHO-
TEXHOJIOTIYHHX MapaMeTpiB MaTPHUII TPaHyIIATOPA.

Pe3yabTaTn nociigxeHb

B upomy BHNajKy MacoBUil pO3paxyHOK BHXOAY Bi-
JIXOJIIB JIeNIo 3MiHUThCst. KinbkicTh kopu ctanoButh 10%
Bi 00’emy nepeBunu [2, c. 29], sika craHoButh 2310
ckinagomerpiB. OTxKe, BUXiJ KOPH ITiC)Isi KOPYBAHHS KPYT-
JIUX JIicOMAaTepiajiB CTAHOBUTE:

2310-0,1=231 m®/mic.

Ilpu cepenniii HacumHIA Ba3i JEpeBHOT KOpHU
320 xr/m® [3, c. 19] i maca cranosuts 231-320=73920
Kr/Mic., a0 mpuoOIm3HO 74 T/MiC.

Kopy He 6a)kaHO BUKOPHUCTOBYBATH JJIsI BUPOOHUIIT-
Ba MAJIMBHUX T'PaHyJ Yepe3 BHCOKY 30JbHICTE. BoHa Oyze
BUKOPHCTAaHA Ul OTPHMAaHHS TEIUIOBOI €HEpril HIIIXOM
CHATIOBAHHS B KOTIII.

Buxig oKOpoBaHUX KpYIJIMX JlicoMarepialliB CTaHO-
BUTD:

2310-231=2079 m*/mic.

B pesynprari HEepBHHHOI NEpepoOOKH OKOPOBaHUX
CTOBOYpIB J€PEBUHH OTPUMYEThHCS 66% OCHOBHOI MPOY-
Kiii (DoIIok), a Takox Bimxomw: 25% ropoumst i 9 % tup-
cu:

— nomku: 2079-0,66=1372 m®/mic.;

— rop6uie; 2079-0,25=520 m¥/mic.;

— tupca: 2079-0,09=187 m3/mic.

Hacunza Bara rop6uis craHoButh 650 xr/m® [3, c.
12], Tupcu Bostorictio 33-38% — 170 xr/m® [4, c. 61].

OTxe, B TIPOIIECi PO3MUIIOBAHHS OKOPOBAHUX CTOB-
OypiB IEpEBUHH Ha JOUIKH YTBOPIOETHCS:

— ropouns — 520-650=338000 xr/mic., abo 338,0
T/MiC.;

— tupca — 187-170=31790 kr/mic., abo 31,79 1/mic.

[Ticna BucymryBaHHS THPCY 1 TOpOHMIH MOXKHA BHKO-
PHCTOBYBATH SIK CHPOBHHY IJIsi BUPOOHHITBA MaTMBHUX
TpaHylI.

[Ipy BUPOOHHMLITBI YOPHOBUX MEOEIBHHUX 3arOTOBOK
(UM3) i3 mourok Bosorictio 8-10% BHXix BiIXOIiB cTa-
HOBUTH: IMaTKOBI Bigxoau — 30%, crpyxka — 17%, Tup-
ca—6,5% [5, c. 24]: 30+17+6,5=53,5%, i3 sKHX:

— mMaTKOBHX Bimxonis: 1372-0,3=412 m%/mic.;

— crpyskku: 1372-0,17=233 m¥/mic.;

— tupcu: 1372.0,065=89 m*/mic.

[Tpn upoMy yepe3 3a0pyJHEHHs KJIEEM HE MOXYTh
OyTH BHKOPHCTaHI Ul BUPOOHWIITBA MANIWBHUX TPaHyT i
BUKOPUCTOBYIOTBCSA IJISi OTPHMAaHHS TEIUIOBOi EHepTii
IUISXOM crnamoBands y komr 1372-0,2=274 m%/wmic., i3
SKHX:

— mMaTKoBi Bigxomgu: 274-0,8=219 m®/mic.;

— crpyxka: 274-0,2=55 m%/mic.

Pemra Bigxonie UM3, mpudomy 06e3 10AaTKOBOTO
BUCYIITYBaHHs, MpHAATHA I BUPOOHUIITBA IMAIWBHUX
rpaHyl: WIMaTKoBi Biaxomun — 412-219=193 wm%/mic.,
crpyxka — 233-55=178 m%/mic., Tupca — 89 m*/mic.

Hacumaa Maca IIMaTKOBUX JepeBHUX BinxoniB (Opy-
ckiB) cranoButh 600 Kr/M°, [3, c. 10], cTpyKH BoJoTic-
TI0 7% — 105 kr/M3, THpcu Bonorictio 7% — 100 xr/mS [4,
c.61].

Orxe, KUTbKICTh BigxoniB UM3, npuaaTHuX IS BU-
pobuunTBa nanueHuxX rpanyn B I1I1 "ManuHcbka meOie-
Ba (pabpuka" micyisl yJOCKOHAJICHHS JiHIi IpaHyJIIOBaHHS
Oy/e CTAaHOBUTH:

— mmaTtkoBl Bigxoau: 193-660=127380 xr/mic., abo
127,38 1t/™mic.;

— ctpyxka: 178-105=18690 xr/mic., abo 18,69 T/™mic.;

— tupca: 89-100=8900 m®/mic., a6o 8,9 T/mic.

ToOTO micisi BCTAHOBJICHHS OOJIaJHAHHS IS OKOP-
KOBYBaHHS Ta JOJATKOBOI CYyNIAPKH HPUIATHUMH JUIS
OTpUMAaHHS MAJIMBHUX rpaHy OynyTh
338,0+31,79+127,38+18,69+8,9x525 1/™mic. nepeBHUX Bi-
nmxoniB. Pemra BimxomiB (Kopa, a TaK0oK IIMATKOBI BiJIXO-
I 1 CTpyXKa) B KUTBKOCTI 74+219+55=348 1/™mic. Oyne
BUKOPHUCTOBYBATHUCH SIK TTAJIBO JJIsI KOTEIBHI.

[Ipu nBO3MiHHOMY Tpadiky poOOTH AITBHHMII, Bpa-
XOBYIOUH, II0 pOOOYMIA Yac OjHI€] 3MiHM CTaHOBUTH 8
rof. (i3 Hux 6mm3pko 0,5 ron. MOXe BUTpadaTHCh Ha ITif-
TOTOBYO-3aKJIFOYHI POOOTH Ta IIO/IEHHE TEXHIYHE 00CIIy-
rOBYBaHHs JIiHIT rpaHy/IIOBaHHs, TOOTO YHCTHIA Yac pobo-
T TpaHynsTopa craHoButume 8-0,5=7,5 ron.), mpu 22
pobounX IHAX MPOTIroM Micsls (B cepelHboMY), po3pa-
XYHKOBa IPOAYKTUBHICTh TpaHyJIATOpa sl MepepoOKn
momicsitst 525 T AepeBHUX BiIXOMIB Oy/ie CTAHOBUTH:

525 :1,59 T/FO,Z[.
22-2-75

TexHonoriuna cxema HOBOI JIiHIi BUPOOHHIITBA IIa-
muBHUX rpanyn B IIIT "Manunceka meGieBa ¢abpuka"
HaBejleHa Ha puc. 1.

Puc. 1. TexHonoriuna cxema HOBOT JIiHiT BUpOOHUIITBA nanuBHUX rpanyi B [1I1 "Manuncbka mebneBa pabpuka'.
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Puc. 2. Jlinis moapiGHeHHs cyxux mMaTkoBux Bigxoais RK 847 [6].

Bomna ckinagaeTbes i3 LeXy noJpiOHEeHHs, CYIIMIBHOT
YCTaHOBKH, HAKONIMYYBaJIbHUX Ta MPOMIXXHOTO OYHKEpIB,
Jpobapku KiHLEBOTO OpOOJICHHS, TPaHyIsATOPIB, MPOCito-
Baya, 0XOJIOKyBaya Ta 3aTaploBaIbHOT MAIINHH.

Lex monpiOHEHHS B TaHWHA Yac 3HAXOAUTHCS B CTaii
KoMIUIeKTyBaHHS. J{o #oro ckinany OyayTs BXOIUTH JiHisA
MOPiOHEHHS CYXUX IMIMATKOBHX BIAXOMIB 1 JIiHISA mOApio-
HEHHS CyXUX JOBTOMIpHHUX BiJXOIiB.

Jlinist moapiOHEHHS CyXHX IMIMaTKOBUX BimxoniB RK
847 (puc. 2) cxiamaerses 3 nepBuHHOrO RM 41.355 i
BropuHHOro RM 71.55 mnoapiOHIOBaYiB, CTPiYKOBOTO
TpaHCropTepa sl M0/Iadi CyXHUX NIMAaTKOBUX BIAXOMIB 110
HepBMHHOrO T0JPiOHIOBaYa, OyHKepa-1o03aTopa Ha 7 MS,
cuta SB 1025 (Ha puc. 2 He moka3aHe) i CTPIYKOBOTO
TpaHCIopTepa JIOBKHHOIO 12,5 M Il BUBaHTa)XEHHS T10-
IpiOHEHOT CHPOBHHH.

Cyxi mMaTKOBi BiIXOAHM AEPEBHHH CIEPIIY II0/Ia-
IOTBCS B IIepBUHHUI noapioHIoBad RM 41.355, ne moapi-
OHIOIOTECS 10 po3Mipy: moBkuHa i mmpuHa — 10-25 MM,
TOBIIWHA — 3-5 MM.

ITicns poro Tpicka moTparisie B OyHKep-103aTop, 3
SIKOTO IITHEKOBOIO TTOJIAYEI0 3aBaHTAXKYETHCS HEOOXIIHU-
MM JI03aMHU y BTOPHHHUI ojpioHIoBad RM 71, ne i noa-
PiOHIOETBCS 10 OCTAaTOYHOI MiHIMaibHOI (pakuii po3mi-
pom 0-10 Mm.

Po3mip monpiOHEHOT CHPOBUHH PETYIIIOETHCS 3a JI0-
MOMOTOI0 CHT, siKi BcTaHoBJeHi Ha RM 71 [6]. TlepBun-
Hull monpiOHIOBaY RM 41.355 muckoBoro THUITy 3 TPHHO-
JKOBUM PYOAIbHUM IIUCKOM JiaMeTpoM 795 MM, SKuid
obepraetbest 3 yactororo 1000 00./XB. Bill €IEKTPOIBUTY-
Ha MOTYXHIcTIO 55 KBT. [IpoyKTHBHICTH TpOoOapKH cTa-
HOBUTH 25 M%/roa. Po3mip moapiOGHIOBaHOT AepeBHHN — 10
220 mm [7].

3 nmepBUHHOTO MoApiOHIOBaya RM 41.355 Tpicka mo-
Jla€Thes Ha KaniopoBouHe 6apabdanHe cuto SB 1025 (puc.

3), i3 SIKOTO Marepiaji 3 JOBXKHHOIO i ImmpuHOIO 10 10-25
MM, TOBILMHOIO JI0 3-5 MM IOCTyInae Ha Mnojaiblie Apoo-
JICHHSI, SIKIIO XX BEJIWYMHA OTPHMAHOI TPICKU MEpEeBUILyE
BKa3aHi pO3MipH, TO BOHA ITOBEPTAETHCS Ha TIOBTOPHE I10-
TpiOHEHHSI.

s piBHOMIpHOI 1O1avi TPICKA HAa BTOPUHHHUH TIOA-
piOHIOBaY IiHIsA 007agHAHAa OYHKEPOM-I03aTOPOM, 3BLIKH
yepe3 3aBaHTA)KyBAJbHUI IIHEK 3 MPUBOJOM Bifl €JICKT-
poIBUryHa TOTYXKHICTIO 2,2 KBT Matepianm momaeThcs
6e3mocepeIHLO IO BTOPHHHOTO MO IpiOHIOBaYA.

Puc. 3. Kani6bposoune 6apabanne curo SB 1025 [8].

Bropunnmii moapioHioBay RM 71.55 momoTtkoBoro
THITy 3 YaCTOTOIO OOEpTaHHS POTOPAa, YKOMIUIEKTOBAHOT'O
20 monotkamu, — 1500 06./xB. PoTop npuBOIUTECS B 1it0
BiJI eJIeKTPOBUTYHA MOTYKHicTIO 45 KBT [9].

[MonpiOHeHa cCpOBHHA PO3MIpOM 10 1| MM MOTAETHCS
B JIBa HAKOTIMYYBAIBHUX OyHKEpH (pHC. 4).
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Puc. 4. HakommmayBansHi OyHKEpH CHUPOBHHH ITiCIS
MOTIEPETHHOTO IPOOIICHHSI.

Puc. S. IlpomixkHI HaKONMYyBaTbHUNA OYHKEp IS
CHPOBHHY.

Cyxa CTpyXKa HAaIpaBISETbCI B HAKOMUIYBAIBHI
OyHkepn HampsiMy. TakoXK MHHAIOUH JiHii APOOIIEHHS B
HAKONTMYyBaIbHI OYHKEpH IOCTYyIIa€ THpca 3 IeXy Iep-
BUHHOI 00poOKH nepeBuHH. OmHAK Tepe] M BOHA BH-
CYIIYETHCS B CYIIAPII CTPIIKOBOTO TUITY.

3 HakOMMYyBaNbHUX OyHKEpiB CHPOBHHA B aBTOMa-
TUYHOMY PEKHMMi IIHEKOBUMH TPAHCIOPTEpaMHU MOJA€Th-
Cs1 JI0 IPOMIDKHOTO OyHKepa JUisi CUPOBUHH (puc. 5), 3Bia-
KM ITHEBMOTPAHCIIOPTEPOM HANPABIAETHCA B HAKOIHUYY-
BaJIbHUI OyHKEp rpaHyJsITopiB (puc. 6).

Puc. 6. I'paHynsaTopy 3 HaKONMMYyBaJbHUM OYHKe-
pom.

B niHil BUpoOHUITBA MAJMBHUX T'PaHysl BUKOPUCTO-
BYIOTBHCSI YOTUPH 37IBOEHI IPAHYJISITOPH BIACHOI KOHCTPY-
Kmii 3 KUTBIEBOIO MATPHUICI0 MPOXYKTHBHICTIO IO
500 xr/rox.

Po3paxyHOK KiJTBIIEBOi MaTpHIli TPOBOAMBCSA Ha 3a-
JaHy TPOAYKTHBHICTH IO METOIUII, HaBeneHid B [10, c.
68-771, [11], [12, c. 101-114], [13].

Po3paxyHKOBHIA pajiiyc MaTPHIll CTAHOBUTH 152 MM,
ponuka — 88 MM, IMIMpUHA MaTpHLi 1 poiuka — 88 MM, Ki-
JbKicTh (inp'ep B MaTpuii — 887 1mT.

[puiimMaeThesi cUCTeMa i3 OJHMM pojukoM. Pospa-
XYHKOBa po0oy4a 4acToTa 0OepTaHHs MaTpHLi CTAHOBUTH
5,24 ¢ (315 06/x8.). Po3paxyHKoBa NOTYXHICTh IIPUBOJIA
rpanynsatopa — 28,4 xBt. [ng mpuBOny TpaHyIsiTopa
npuiitMaeMo MoTop-penykrop MP1-315 3 enextponBury-
HOM moTykHicTio 30 kBT.

3 rpaHYnATOpiB BHPOOJEHI WalUBHI TpaHyId
(puc. 7) CTpiUKOBUM Ta ITHEKOBUM TpaHCIIOpTEpaMH Ha-
MIPaBIAIOTHCS Ha MPOCIIOBAadY 1 OXOJOIKYBad, a 3BIATH —
Ha JIiHiIO 3aTaproBaHHs (puc. §).

Puc. 7. [lanuBHi rpanyau 3 rpaHyJsiTopa 3 TpaHydIs-
TOpa Ha CTpiuLl TpaHcropTepa
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Puc. 8. 3araproBaibHa MallnHa.
BucHoBku

1. CymmnbHe 007aqHaHHs AJIsl THPCH Ta TPIiCKH, Be-
pcTaT Juis KOpyBaHHSI KPYTJIMX JlicoMarepialliB Maiixe B 2
pas3u pO3IUPIOIOTh CHPOBUHHY 0a3y BUPOOHHIITBA ITa-
BHUX IPaHyJI.

2. TexHonoriyHa JiiHis BUPOOHUIITBA MAIMBHHUX T'pa-
myn B [I1 "Manmachka MeOneBa (abpuka" CKIaZaeThCs
i3 IeXy MoJpiOHEHHs, CYIIMIBHOI YCTAaHOBKH, HAKOIHUY-
BaJbHUX Ta MPOMDKHOTO OYHKEpiB, APOOApKH KiHIIEBOTO
JIpOOJICHHS, TPaHYJATOPIB, MPOCIOBada, OXOJOMXKyBada
Ta 3aTapIOBAILHOI MAIINHH.

3. B ninil BUpOOHHUIITBA TAIMBHUX TPAHYJ BHKOPHC-
TOBYIOTBCSI YOTHUPH 3JIBOEHI TPAHYJISATOPH BJIACHOI KOHC-
TPYKLIT 3 KiJIbLIEBOIO MATPHIIEIO MPOIYKTUBHICTIO 110 500
kr/ron. Po3paxyHkoBul pajiyc MaTpuili CTaHOBUTH 152
MM, posiuka — 88 MM, HIMpHHA MaTPHL 1 poirKa — 88 MM,
KiIbKiCTh (inb'ep B MaTpuui — 887 . [Ipuiimaerbes cu-
cTeMa i3 ogHIM ponrkoM. Po3paxyHkoBa poboda yacTtora
oOepTaHHs MaTpHIi CTAaHOBUTH 315 00/XB., MOTYXHICTH
npuBoJa rpanynaropa — 28,4 kBt. s npuBony rpaHy-
JATOpa MpUHHATHI MoTOp-penyktop MP1-315 3 enekr-
poaBHUryHOM noTyxHicTio 30 KBT.
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BHEJIPEHME TEXHOJIOTMYECKOM JINHUN
ITPON3BOJICTBA TOIUIMBHBIX TPAHYJI 13
OTXOA0B IEPEBOOBPABOTKHU 11 MEBEJIBHOI'O
IMPOM3BOJICTBA HA UIl "MAJIMHCKAA
MEBEJIbHAST ®ABPHUKA"

B. H. Honuwyx, B. A. Haymenxo, A. B. Haymenxo

Annoranua. Exemecsuno na YIT "Manunckas me-
OempHas (abpuka" mepepadarpiBaetcs 750 T IpeBecHOrO
CBIPBsI, TIOCIIE TepepaboTKH KOTOpOro ocraercs 592 T oT-
x070B. Jlo HeTaBHEro BpeMEHH JIHIIb 274 T MOXHO OBLIO
HCTIONB30BaTh I IepepaboTKH B TOTLIMBHEIC TPAHYIIBL, &
318 T BcneacTBHE BBICOKOW BIA)XKHOCTH, HAJIUYUS 30J10-
o0pa3yromux mpuMeceii, 100aBOK Kiiesi, OBLUTH I STOTO
HEMPUTOAHbI. 32 CcuUeT BHEAPEHHUS HOBOM TEXHOJOTHYe-
CKOH JIMHUM MPOU3BOJCTBA TOIUIUBHBIX TPaHYJ U3 OTXO-
JIOB JIepPEeBOOOPAOOTKH M MEOEIHLHOrO MPOM3BOJICTBA, KO-
TOpasi COCTOUT U3 IleXa M3MENIbYEHUs], CYITUIbHON ycTa-
HOBKH, HAKOTHUTEJIBHBIX U MPOMEKYTOUYHOTO OYHKEPOB,
JPOOWJIKM KOHEUHOTO APOOJICHUs, TPaHyIATOPOB, Mpoce-
WBaTeIsl, OXJIAJANUTEIS M 3aTapUBaTEIbHON MaIWHBL, y/a-
JIOCh OCBOOOIHTE JPEBECHOE CHIPhE OT KOPHI M UCIIOIH30-
BaTh CHIPBIEC JIPEBECHBIC OTXOABI. B pesymprate Kommue-
CTBO OTXOJOB, IPUTOTHBIX JUTS IPOM3BOJCTBA TOITMBHBIX
TpaHys, YBEITHIWIOCh A0 525 T/Mec. B nmHNM niponsBoa-
CTBa TOIUTUBHBIX TPaHYJ HCIIOJIB3YIOTCS YETHIPE CABOCH-
HBIC TPaHYJIATOpa COOCTBCHHON KOHCTPYKIIMH MPOU3BO-
JTUTEIBHOCTEI0 1o 500 Kr/gac. ¢ KOJBIEBOM MaTpuIlCi
pacdyeTHbIM AuaMeTpoM 152 MM U OJHHUM POJIMKOM Jua-
MeTpoM 88 MM. Pacuernast pabodasi 4acToTa BpalleHHs
MaTpuib! coctaBisier 315 06./mMuH. s npuBoaa rpany-
JIATOpa MpUMEHEH MoTop-penykrop MP1-315 ¢ anexrpo-
IBUTATEIEM MOIIHOCTEIO 30 KBT.

KiioueBble ciaoBa: mebenbHas (aOprKa, TOTUIAB-
HBIE TPaHyJbl, MAaTPHIA, JPEBECHBIC OTXOABI, OTXOABI Me-
OeIIbHOTO TPON3BOJICTBA.

IMPLEMENTATION OF TECHNOLOGICAL
PRODUCTION LINES FUEL GRANULES FROM
WASTEWATER WOODWORKING AND
FURNITURE MANUFACTURE ON PRIVATE
ENTERPRISE "MALINSKA FURNITURE FACTORY"
Polishchuk V. M., Naumenko V. O., Naumenko O. V.

Abstract. Monthly on the state of emergency "Ma-
linska furniture factory" 750 tons of wood raw materials
are processed, after processing of which remains 592 tons
of waste. Until recently, only 274 tons could be used for
processing into fuel pellets, and 318 tons due to high hu-
midity, the presence of ash-forming impurities, additives
of glue, were unsuitable for this. Due to the introduction
of a new production line for the production of fuel pellets
from wood processing waste and furniture production,
which consists of a grinding shop, a drying plant, storage
and intermediate bunkers, a final crusher, granulators,
sifter, cooler and casing machine, raw materials from the
bark and use raw wood waste. As a result, the amount of
waste suitable for the production of fuel pellets increased
to 525 tons/month. In the production line of fuel pellets,
four self-made twin granulators with a capacity of 500
ka/hr are used with an annular matrix with a design diam-
eter of 152 mm and one roller with a diameter of 88 mm.
The rated working frequency of rotation of the matrix is
315 rpm. For the drive of the granulator, a motor-reducer
MP1-315 with an electric motor of 30 kW is used.

Key words: furniture factory, fuel granules, matrix,
wood waste, furniture manufacturing waste.
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Abstract. In the article, for the purpose substantiate
the parameters and operating modes of the harvester's
unloading devices, the method of experimental studies of
controlled gravitational leakage from the dump hopper
and its physical model is proposed. The peculiarity of the
program for the study of free-flowing material’s leakage
involves three stages, which include a joint common goal,
individual experiments, the execution of which ensures
the verification and, if necessary, the correction of the
theoretical provisions, considerations and conclusions on
improving the efficiency of the production process of
harvesting grain crops. The research consisted of: the
original experiment (the establishment of mechanical and
technological properties of the working grain material of
the main crops); modelling (construction and verification
of the dump hopper’s physical model); the main
experiment (studying the movement of grain from the
dump hopper).

Key words: grain harvester, tipper bunker,
technique, experimental study, gravitational turn, grain
materials, method.

Introduction

The development of structures and justification of
the parameters and operating modes of the unloading
devices is an important part in solving the general
problem - increasing the efficiency of the production
process of harvesting grain.

Formulation of Problem

The identified scientific problem is an important part
of the implementation of the scientific program of the
mechanization of production processes in crop production
and is executed in accordance with the topics of scientific
research: «Optimization of the modes of movement of
Hoisting-and-transport machines and mechanisms used in
the mechanization of production processes in livestock
and crop production» state registration 0105U007502 and
the state budget theme «Development of the concept
dynamic optimization of transportation vehicles» state
registration 0115U003551. The decision of this important

scientific and practical task was attended by the scientists
of the National Scientific Centre "Institute of Agriculture
of the National Academy of Agrarian Sciences of
Ukraine" (Nedovesov V.l.), the National University of
Life and Environmental Sciences of Ukraine
(Loveykin V.S., Chovnyuk Yu.V., Matuhno N.V.,
Shymko L.S.). Within the framework of the study, one
patent for the invention and three patents for the utility
model of Ukraine were obtained [1-4].

The experimental confirmation of research on the
physical and mechanical properties of the working (bulk)
material, as well as the structural, kinematic and dynamic
characteristics of rapid gravitational currents, makes it
possible to substantiate the technological and structural
parameters of the tipping-off unloading devices, which
significantly affect the quantitative and qualitative
parameters of the unloading process.

Analysis of Recent Research Results

Most of the scientific works on flows in a loose
environment are devoted to studies of internal leakage in
bunkers and funnels. Takahasi [5] researched the
gravitational leakage of dry sand of different structures in
straight trays of a rectangular cross-section at different
angles of slope trays. The scientist highlighted two types
of leakage of a friable body: the first is that the upper thin
layer of particles flows over their stationary layer that
covers the bottom of the tray, and the second - in that all
particles of the flesh body are moving, moreover, each of
the particles chaotically deviates by chance trajectory and
interacts significantly with neighboring ones.

Roberts [6, 7] studied the leakage of millet seeds in
Plexiglas trays with a rectangular cross-section. Applying
in his studies of high-speed cinematic, the scientist
determined the velocities profiles at various points along
the flow and revealed a small velocity gradient along the
depth of the stream.

Ishida M., Shirai T. [8] were measured the velocity
profiles using fiber optic probes located on the central
trench line, and not on the side walls, as in Sevidzhi
experiments [9].

Thus, the analysis of the above-mentioned studies
and experimental results obtained by scientists shows that
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in the shear flow of granular material there can exist three
main mechanisms of the emergence of stress: a) dry
friction; b) impulse transfer due to the transfer of particles
from one layer to another; c) impulse transfer due to
collisions between particles [10].

Dolgunin V.M. and Borshchov V.Ya. [11, 12] are
used to check the adequacy of the experimental-analytical
method by the X-ray method of determining the profile of
a distinctness in the gravitational flow of grains. The
method proposed by these scientists is based on the use of
penetrating X-ray irradiation and fixing it on an X-ray
film. Unfortunately, in Ukraine, experimental studies
concerning the processes with bulk materials are not so
numerous and there are no studies related to the study of
the laws of the gravitational leakage of grain and
vegetable material from the dump hopper of combine
harvesters.

The problem is rampant that grain material is
damaged by screw working organs thoroughly studied
and experimentally investigated in the works [13-15].
However, due to the existing imperfection of the process,
along with the widespread distribution and use of various
unloading systems of harvesters and a significant number
of variants of their constructions, scientific the problem of
justification of the parameters and modes of unloading
devices requires further study and development.

Purpose of Research
The purpose of the article is to develop a method for
experimental study of the controlled gravitational leakage
of grain materials from the physical model of the dump
bunker.
Results of Research
In previous theoretical studies, a granular material

model was developed that was adequate to the properties
of agricultural grain materials [17]. Proceeding from this,

The original
experiment

Modeling

the program and the experimental research methodology
were based on the scheme presented in Fig. 1.

The purpose of these experiments is to determine the
characteristics of the gravitational leakage of various
grain materials, depending on the value of the dump
bunker's turning angle.

In connection with this, in accordance with the
analytical model of the free-flowing grains materials
unloading process from the dump bunker, described in
[17], it was important to determine and experimentally
verify the unloading volumes of the experimental grain
material at certain fixed values of the bunker’s rotation
angles.

The following equipment and materials were used:
the physical model of the dump hopper (Fig. 2), the
laboratory electronic weights AD 3000 (technical
characteristic: the price of the division - 0,01 g; the price
of the authorized divisions - 0,1 g; the limits of weighing:
the largest: 3000 g, the smallest: 0,5 g; the weight bucket
is 150 mm; the weighing time is less than 5 seconds; the
operating temperature range is from 18 to 33 ° C.);
Variable capacities for weighing of grain material;
investigated grain material of the main crops.

When the rash is stopped, the container with grain
material should be replaced with empty.

Next, weigh the dropped grain and record in the
magazine the number of screw’s full revolutions and the
measured weight of the investigated grain material.

In the event that the complete wrapping of the
handwheel did not cause leakage of grain material from
the dump hopper, carry out the next rotation before the
start of the spillage.

If the spill has occurred — repeat the weighing
procedure described above.

The research with the next experimental grain
material continued until the empty emptying of the
experimental dump hopper.

With the same grain material, the experiment was
conducted with fivefold repeatability.

Physical and mechanical properties
determination of the main’s crops of
working grain material

« Construction, testing and
optimization of the dump
bunker’s physical model

*Research leakage
granular materials
from dump hopper

The main experiment

Fig. 1. The scheme of experimental research of a tipper unloading device's operational characteristics and modes.
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Fig. 2. The installation’s scheme for experimental studies of controlled gravitational leakage of grain materials

from the dump bunker’s physical model.

Table 1. The documenting form of the data for controlled gravitational leakage of grain from the dump bunker's

physical model.

Repeat

Grain material .
experiment

The flywheel's revolutions number
of the screw mechanism — n;

The weight of the grained
material that has fallen — P;

Based on the speed of the lifting screw according to
the method described in detail in the previous section of
this work, the rotation angle of the dump bunker's

physical model was calculated by the formula:
90°

n;: E ' (1)
where a; — is i-th tilt angle of the dump bunker; n; — is the
flywheel's revolutions number at the beginning of the
displacement in the variable capacity of the i - th grain
material.

The obtained experimental data were entered in the
journal in the form of Tabl. 1.

After each repetition of the experiment, we checked
the weighted total volume of the studied grain material,
carried out at the beginning of the repetition, with the sum
of the results obtained in the course of the experiment in
different positions of the hopper. The experimental data
were taken up to further analysis and included the
repetition of the experiment, if the difference between the
sum of the weights in the process of measurement and the
total weight of the material did not exceed + 0,5% of the
latter. The systematized trial data was processed and
tested according to the standard method of statistical
randomization and independent testing of the results using
the Microsoft Excel 2016 Analysis Package. The mean
square deviation and coefficient of variation were also
determined.

a; =

Conclusions

1. It is evident that the mechanized technological
process of grain-vegetable material's leakage from
bunkers-storage vehicles into transport vehicles depends
on the parameters under study and the operating modes of
the unloading devices of grain-harvesting machines and
combines.

2. In turn, the scientific justification of which is
impossible without a detailed study of the technological
processes and operations peculiarities that associated with
the accumulation and overload of grain and vegetable
material from the dump bunker [16, 17].

3. In connection with this, the necessary program and
experimental research methodology has been developed,
which involves three stages, which include a joint
common goal, separate researches. The implementation of
which provides for verification and if necessary the
correction of theoretical provisions, considerations and
conclusions on the increase the efficiency of the
production process of harvesting at the expense of
reasonable parameters and operating modes of the
harvester's unloading devices.
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METOJUKA EKCIIEPUMEHTAJIbHUX

JIOCJIJDKEHb KEPOBAHOI'O T'PABITALIIMHOI'O
BUTOKY 3EPHOBUX MATEPIAJIB I3 ®I3UYHOI
MOJEJII CAMOCKUHOT'O BYHKEPA
JI. C. [lumxko

AHoTanig. Y cTarTi, 3 METOoI0 OOIpyHTYBaHHS
napaMeTpiB 1 peXumiB poOOTH BHBaHTaKyBaJbHUX
MPUCTPOIB 30MpabHUX MAalIMH, IPOIOHYETHCS METOANKA
EKCIIePUMEHTAIBHUX JIOCITIPKEHb KEpOBaHOTO
rpaBiTaliifHOrO BUTOKY i3 CaMOCKUIHOTO
HaKONMHMYYyBaJIILHOTO OyHKepa 30MpajbHOr0o KoMmOailiHa Ta
oro  ¢izmunoi  mogmeni.  OcoOmuBICTE  mporpam
TIOCTIIDKCHHST BUTOKY CHITKMX MaTepialiB mepeadavae Tpu
eTany, IO BKJIIOYAlOTh B ceOe 00’c¢aHaHl CHIJIBHOIO

METOI, OKpeMi eKCIICpUMCHTH, BHKOHAHHS  SKUX
3a0e3nedye  TEepeBipKy Ta, IpH  HEOOXiTHOCTI,
KOpPETYBaHHA TEOPETHYHUX IIOJIOKEHb, MIpKyBaHb 1
BUCHOBKIB 1010 1 IBUIICHHS e(eKTUBHOCTI

BUPOOHHYOro Tpouecy 30UpaHHS 3EPHOBHUX KYIBTYD.
JlocnipkeHHs CKIIalaliucs i3 MEPBUHHOTO EKCIIEPUMEHTY
— BCTAHOBJICHHSI MEXaHIKO-TEXHOJIOTIYHUX BJIACTHBOCTEU
pobo4oro 3epHOBOTO MaTepialy OCHOBHHMX KYJBTYD;
MOJICJIFOBaHHS — MO0OY10Ba Ta mepenipka (izuuHoi Moaei
CaMOCKHIHOTO OyHKepa i1 OCHOBHOTO EKCHEPHMEHTY —
JOCTIDKCHHS PyXy 3epHA i3 CaMOCKHIHOTO OYVHKepa.

KarouoBi cioBa: 3epHO30HMpanmbHHUIA  KOMOAiiH,
OyHKEp,  CaMOCKHJ, TEXHiKa, CKCICPUMCHTAIbHI
JOCTIDKCHHS, TpaBiTalliifHe IIOJle, 3EPHOBHI Martepial,
cnoci6.

METOJMKA 3KCITEPUMEHTAJIBHBIX
WCCJIEJOBAHUI VIIPABJISEMOTO
I'PABUTALIMOHHOI'O ITOTOKA 3EPHOBBIX
MATEPHAJIOB C ®U3UYECKOI MOJIEJIN

CAMOCBAIJIBHOI'O BYHKEPA
JI. C. Ilumxo
Aunoranusa. B cratee, ¢ 1enpi0 000CHOBaHHS
mapaMeTpoB M PEXKHMOB  pabOThI  pasrpy304YHBIX
YCTPOWCTB ~ yOOPOUHBIX  MAaliMH ©  KOMOAITHOB,
npejyiaracTes METOAUKA IKCIEPUMEHTAIBHBIX

HCCIICIOBAaHUN YIPABJIIEMOr0 TPABUTAIIMOHHOTO MOTOKA
c CaMOCBAJILHOTO HAKOIUTEILHOTO OyHKepa
3epHOYOOpOYHOTO KOMOaifHa M ero (PU3MIeCKOr MOJEIH.
OCOOCHHOCTP TPOTPAMMBI  UCCIICAOBAHHUA  BBITPY3KH
CBITyYUX MATEPHANOB TMpeIycMaTpUBaeT TpPH JTala,
BKJIIOYAIOIIMX B ce0s1 OObeaMHEHHBIE OOINEH IENbIO,
OTJCNBHBIC  OKCIICPUMEHTHI, BBHIONHEHHE  KOTOPBIX
obecrieynBaeT TPOBEPKY M, TPH HEOOXOIUMOCTH,
KOPPEKTHPOBKH TEOPETHYCCKHUX MOJIOKCHUH,
paCCy)K)IeHI/Iﬁ n BBbIBO/IOB 1o ITIOBBILIICHUIO
3¢ (GEKTHBHOCTH TNPOU3BOACTBEHHOIO Ipoliecca yOOpKH
3€pHOBBIX  KyJbTYyp. FlcciaemoBaHus  COCTOSUIM W3
MEPBUYHOI'0 J3KCICPUMEHTA — YCTAHOBJICHUE MCXaHHKO-
TEXHOJIOTHYECKUX  CBOHCTB  pabodero  3epHOBOTO
MaTepHajia OCHOBHBIX CEIbCKOXO3SHCTBCHHBIX KYJIBTYP;
MOJICIMPOBAHKUE — ITOCTPOCHUE U MPOBEPKa (PH3UUCCKOM
MOJICIM  CAMOCBaJIbHOTO  OYyHKEpa H  OCHOBHOIO
JKCIICPUMEHTa — WCCICJIOBAHHE IIBMKCHHS 3€pHA C
CaMOCBAJLHOTO OYHKepa.

KioueBble ciaoBa: 3epHOYOOPOYHBIH KOMOAWH,
OyHKep, caMOCBaJI, TEXHHKa, OKCHEPUMEHTAIBHOEC
HCCIICIOBaHNEe, TPABUTAIMOHHOE  TIOJE, 3EPHOBOM
MaTepHal, crocoo.
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EKCIHEPUMEHTAJIBHE JOCJILIKEHHS KOJIUBAHb POBOUYHUX OPI'AHIB KYJIbTUBATOPA
HA OPYKHIN CTIMLI
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bion. 5, puc. 5, maén. 1.

AHoTamis. B crarri po3rsiHyTO JabopaTopHe
eKCIIepUMEHTAIIbHE JIOCII/KeHHSI KOJMBaHb S-00pa3Hol
CTIHKM 3 METOI0 BH3HAYEHHS OCHOBHHMX MapaMeTpiB
NpoLeCy PUXJICHHS IPYHTY. JOCHiPKEHHST POBOIUIIOCH
NpH Pi3HUX LIBHAKOCTSX PYyXy arperaty, 3MiHIOBalach
TMOWHA BXOKEHHSI CTIHKU 3 poOOYNM OpraHoOM B IPYHT,
OyJiM BHKOPHCTaHI ABa THIM POOOYHMX OpraHiB (jam) —
JIBOCTOPOHHsI 000POTHA IUIOCKA JIala Ta CTPLIbYaTa Jiarna.

KarouoBi ciioBa: KynbpTHBALlisl, SKCIICPUMEHTAJIbHE
JOCIIIDKeHHS], TIPYKHA CTiiiKa, IPyHTOBHH KaHaJ.

IMocranoBka nmpodaeMu

KynpTHBaImiss — omepariis, sSika BXOAWTb y CHUCTEMY
MepenrnociBHOI OOpOOKH TPYHTY 3 METOI0 3HHIIEHHS
MPOPOCTAIOYNX OYp’sSHIB Ta PO3MyINIyBaHHS IPYHTY. Y
CYy4acCHOMY CLIbCBKOTOCIIOJaPChKOMY MAaIIUHOOYAyBaHHI
JUIS KpIIUICHHS JIall J0 paMH KyJIbTHBaTOpa IIUPOKO
BUKOPUCTOBYIOTBCSI TIPYXKHI CTIHKH, BOHU 3a0€3MEUyIOTh
KOJIMBAJBHUH PyX JIAN ITiJ] 9ac KyJIbTHUBAIIII.

AHAaJI3 0CTAHHIX J0CTiTKEeHb

SK TOKa3yIOTh eKCIUTyaTamiiHI CIIOCTEePEeKEHHS,
3aBISKH BUKOPUCTAHHIO pOOOYMX OpraHiB Ha TPYXKHIH
MOJIBICII TOKPAIYEThCS SIKICTh OOPOOKU IPYHTY TIiJ Yac
KyJIbTHUBALIi1, 3HIKYIOTHCSl CHEPIOBUTPATH.

KonuBanHs po60o4oro oprany y IpyHTi BiIOyBa€eThCs
3a paXyHOK Pi3HHUILI CHJI ONIOPY I'PYHTY B CTaJii CIIOKOIO Ta
min gac pyxy [1]. Konusanbuuii pyx, skuit mepenaeTbcst
Bil CTiikM 10 po0OOYOro OpraHy, IEPEIIKOIKAE
3aIMIAaHHIO HOTO ITPYHTOM Ta POCIMHHUMH PEIITKaMU.

OpmHak, mig dYac poOOTH CTIHKM HaBaHTaKeHi
3HAQYHUMHU 3MIHHUMH 32 BEIMYHMHOIO HANPYXCHHSIMH, IO
MPU3BOJUTH 110 HAKOITMYECHHS BTOMHHUX ITOIIKOKEHB, 1, SIK
HACJIiJIOK, 10 pyHHYBaHHS.

VY mpamgx [2-5] 3pobnena cmpoba oOrpyHTYBaHHS
mapameTpiB poOOYMX OpraHiB Ha MPYXHIA MiABicIi, fKa
0a3yeThCs Ha aHANi31 KOJIMBAJIBHUX MPOIECIB.

Ipote EKCIePUMEHTAIbHHUX JaHUX 110/10
HABaHTAXXCHOCTI NPYXKHOI CTiKK Ta i neopMyBaHHS
HEJIOCTATHBO.

MeTta nociaigkeHn

3 MeTOoI0 BHM3HAUCHHS Ta aHaNi3y HaNpyXeHb Ta
nepeMinieHs S-00pa3HOi CTIHKM B peabHHX YMOBax

eKcIUTyaTtarii ~ OyJo TpPOBEACHO  eKCIIepUMEHTAIIbHE
OCITIKEHHS.
Pe3yabsTaTn q0caigKeHn
ExcniepumeHt BinOyBaBcs B HACTYIHIN

nmocaioBHOcTi. [lepen moyatkom pobotu, Ha S-00pa3Hy
CTiiKy Oynu HakieeHi TeH3omatuuku (puc. 1). Micus
KpIIJICHHS JaT4MKiB Oyjau BU3HA4YeHi 3a3panerigp. Jms
BHU3HAYEHHS BiOpOITPUCKOPEHB BHUKOPUCTOBYBABCS
TPHOXMIPHHH aKCEeJIIEPOMETP Ta TipOCKOIL.

Puc. 1. Po3MileHHs TeH304aTYMKIB Ha CTIHII.

Ilicnig mporo crika 3 HAKJIEEHMMH Ha Hel
TeH30/aTYNKaMu Oyla BigTapoBaHa 3 BH3HAYCHHSIM
TIepeMIMIeHp KiHI CTIHKH 3a JBOMAa HampSIMKaMd X i A.
TapyBaHHs POBOUIOCH Y Ja0OOPATOPHUX YMOBAX.
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Taoauus 1. PesynpraTu TapyBaHHs.

HapanTtaxenns, H Kananm Tepavituerros, M
1 2 3 X h
0 2680 3130 705 0 0
13,72 3095 2887 797 0 0
118,58 5570 1320 1320 25 0
210,7 7810 -150 1790 55 5
312,62 9830 -1500 2230 75 7

370,44 10620 -2080 2410 88 10

370,44 10620 -2080 2410 88 10
312,62 9600 -1400 2178 75 7
210,7 7621 -40 1760 55 5
118,58 5420 1390 1300 25 0
13,72 3090 2920 790 0 0
0 2860 3130 705 0 0

Puc. 2. 3aranpHuii BUMIISLA IPYHTOBOTO KaHaiy: 1 — nepecyBHUI Bi30K; 2 — poOo4Mii opraH, 0 J0CTIDKY€EThCS; 3—

KaHaT; 4 — IPyHTOBE CepeIOBUIIE; 5 — TATOBA JicOiaKa.

CriouaTKy 3HIMAaJHCh ITOKa3HUKH 3 JaT4YHKIB 0e3
HaBaHTAXXCHHS CTiHKW, Oajli HAaBaHTAXXCHHS ITOCTYIIOBO
30uTpITyBany, (iKCyBaqu JdaHI MO TPHOM KaHAIaM Ta
BHMIiPIOBAJTH TIEPEMILIICHHS Y JBOX KOOPAWHATHHUX OCSX.

3a mpaBWIbHUM (YHKIIOHYBAHHSM MPHIAiB BEIH
CIIOCTEPEKEHHS IIPOTATOM YChOTO EKCIICPUMEHTY.

PesynbraTi BUMIPIOBaHHS LUX IIEPEMIllleHb, & TAKOX
JlaHi 3 TEH30JaTYMKIB HaBeJIeHi y Tadnmui 1.

3a JONOMOT0I0 TPYHTOBOTO KaHaIy OyJio MpOBEIEHO
naboparopHe eKCIIepUMEHTAIIbHE JIOCITiPKEHHSI.
3aranbHui BUTJIISII KaHally 3 oOnaHaHHAM
IIpeCTaBICHUN Ha pucC. 2.

OcHOBHa pamMa yCTaHOBKH BCTAHOBJICHA HA HAIPSAMHI
pomuku. [lpuBim TsaroBoi neOigku 5 37ifiCHIOBaBCS Bif
CIIEKTPOJBUTYHA Ta  YOTHPBOXCTYIICHEBY  KOPOOKY
nepeaay.

3a ZONMOMOTOF0 TATOBOI JIeOiIKK 5 Ta KaHaTy 3 pama
MEPEeMIIIyeTECSL B TOB3IOBKHBOMY  HANPSMKY — Ta
MOBEPTAETHCS Y BUXIJHE MOJIOKEHHSL.

Kopobka mepemau 3abesmeuye 3MmiHy poOodoi
IIBHJKOCTI pyXy B Mexkax Bix 0,5 mo 2,6 m/c ipu 3MiHHIiI

rbnHI X0y pobodmx opra"iB 2 B IPYHTOBOMY
cepenoBui 4.

Ilim  4ac pyXy  TIEpEeCyBHOTO Bi3Ka 1
EKCIIEPUMEHTAIILHOI ~ YCTAaHOBKH CTiika 3 poOoYnM

OpraHOM BCTaHOBIIOBAJIACh HA BHU3HAUYCHY TJIMOWHY
(puc. 3) Ta cmnpuiimMara CcwIy OIOpPY TIPYHTY, IO
¢ikcyBaIOCh TEH30JaTYMKaMH, SKi OyJIM BCTaHOBICHI Ha
CTIHI.

a)

6)
Puc. 3. 3aranpHuil BUIISL] CTifiKK Ha J1a00paTOpHiN
eKCIIepUMCEHTANIBHIH YCTaHOBIII: @) 31 CTPLTHYATOIO JIATIOLO;
0) i3 ABOCTOPOHHBOIO OOOPOTHOO TUIOCKOIO JIATION.
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CurHanu BiJ TEH30JaTYMKIB TOTPAIUISsIIM Ha BXiJ
BHAMIPIOBAJIFHOTO KOMIUIEKCY (puc. 4) 3 HacCTYITHOIO
00pOoOKOI0 cTaTHCTHYHOI iH(pOpPMAIIii 32 TOCTiIKYBaHUMHI
BapiaHTaMH.

Puc. 4. 3aranbHuil BUTIIST BUMIPIOBAIBHOI CHCTEMH
Ta JaT4yuKiB: 1 — 00YKCIIOBATBLHIA MOTYIB; 2 — NTaTYHKH;
3 — OJIOK KHBJICHHS.

OCHOBHUMH CKJIaJJOBUMH YaCTHHAMH BUMipIOBAIbHOT
CHCTEMH €: KoMIT oTep (HOyTOYK), Ostok xuBiieHHs, CAN-
IIMHA Ta IHEPUIHHUN BUMIPIOBabHUHA TIPWIAL, IO
00’eIHy€e Yy CBOEMY KOPITYCl TPHOXMIPHHH aKCeIepoMeTp
Ta TpROXMIpHHUI ripockorn. Kowmir'iotep BHUKOHYBaB
GYHKIIT yIpaBIA09oTO0 Ta HAKOIUYYIOUOTO IPHUCTPOIO,
CAN-mna 37iiicHIOBaIa 3B’°S30K MK KOMIT FOTEPOM Ta
IHIIUMHM ~ €JIeMEHTaMH  BUMIPIOBAJIbHOT ~ CHUCTEMH.
TphOXMIpHI aKcelepOMeTpH BHKOPUCTOBYBAJIUCH IS
BUMIPIOBaHHS IPUCKOPEHb, TPOCKOMNIYHI AATYUKU — IS
KYTOBHUX HIBUAKOCTEH.

[IpuHun poGOTH BUMIPIOBAIBHOI CHCTEMH IOJIATAE
y HactynHoMmy. Jlo oOumcmioBanpHOTO MoOmyns |
MPUEAHYIOTBCS HEOOXiMHI B HOCHIIDKEHHI JATYHUKH.
CurHaiyd Bij HaTYUKIB 2 1O KaOelro HaIXOAATH 10
OOYHCITIOBAIFHOTO ~ MOIYJsL, JA€  BigOyBaeThcs  iX
NIepEeTBOPEHHS, 30€peXKeHHs Ta BiJIpaBKa JI0 KOMII I0Tepa.
Hanpyra Bim Omoxky kuBleHHI 3 HaIXOAWUTh [0
00YHUCITIOBAIEHOTO MOTYJIS | 1O IBOX KaOemsX.

Jlo modaTKy €KCIEepUMEHTY MpPOBOAWIN IOIEpETHE
PUXJIEHHS IPYHTY Ha TIMOMHY 15 CM Ta HOT0 3BOJIOXKEHHS.
Bomoricte TpyHTY Tij Yac MpOBENEHHS EKCIIEPUMEHTY
3HaXoqWiIach y  Mexax 19-21%.  JlocmimkeHHs
IPOBOMJIOCH HA PI3HUX MIBUAKOCTSAX pYyXy arperatry
nusxoMm 3mind nepenad: 0,93 m/c; 1,66 m/c Ta 2,5 m/c,
3MIHIOBaJIaCh TJIMOWHA BXOJDKEHHS CTIHKM 3 po0odYMM
opranoMm B IpyHT: 5 cM; 10 cm ta 15 cm. Takox Oynu
BUKOPDHCTaHI JBa TuUnM pobouymx opra”iB (yam) -—
JIBOCTOPOHHSI 000pOTHA TIJIOCKA JIala Ta CTpijibyuara Jara.
OCKUTBKM B yMOBaxX pealbHO{ eKCIuTyaTalii Ha IO
MOXYTb 3aJIMIIATUCH POCINHHI PEIITKH, TPYIKH IPYHTY 3
KODPIiHHSM POCIIMH Ta iH., 0yJI0 BU3HAYEHO BILTUB INX, TaK
3BaHMX, «IEPEIIKO/» Ha KOJHMBAJIbHUI mpouec. 3amis
IOCATHEHHSI TaKOi peaii3amii y TpyHTOBOMY KaHali Ha
pobodoMy UHUISIXy OyJM BCTaHOBIICHI TPYAKH IPYHTY
PI3HOTO PO3MIpY.

ITomanema oOpoOka eKCHEepUMEHTAIbHHUX JaHHUX
MPOBOJAMJIACH 33 JIOTIOMOTOK0 KOMIT IOTEPHHUX IPOrpaM
Matlab ta  Mathcad. ExcnepumenransHo  Oyia
MIATBEP/KCHA HASBHICTh aBTOKOJHMBaHb Yy MpPOIECi

puxieHHs rpyHTy. Ha puc. 5 mpencrasiena pearizaitis
npoIiecy MPH IMBUIKOCTI pyXy arperaty 1,66 M/c, rinbuHi
00po6iTKy 10 cM, pobouiii oprad — JBOCTOPOHHS 000POTHA
IUIOCKA JIama.

0)

Puc. 5. IlepemimeHHs CTiKH a) 3 YacCTKOBUM
VIIITbHEHHSAM TPYHTY; 0) Oe3 yHIUIbHeHHS TPYHTY IpH:
MIBHJKICTB pyXy — 1,66 M/c; rmubnna o6poditky — 10 cMm;
pobounii opran — IBOCTOPOHHSI 000POTHA TUTOCKA JIala.

Jlana peamizariiss oTpuMaHa JJis JIBOX BapiaHTIB: 3
YaCTKOBUM YIIUIbHEHHAM TpPYyHTY (BapiaHT a)) Ta 0e3
yuriibHeHHst (BapianT 0)). OTpumaHi eKcliepuMEeHTajIbHi
JlaHI He cymnepeyarb paHillle BU3HAYEHUM TEOPETUYHHM
po3paxynkam [1].

Crpubok Ha rpadiky Imoka3zye, IO B MOMEHT
MOTPAIUITHHSL  CTIMKM 3 poOOYMM OpraHoM Yy 30HY
YaCTKOBOTO VIIITbHEHHS TPYHTY BiIOyBaeThCS 3HaYHE
MIBUICHAS BENWYMHU TIEPEMIleHHs CTidkn x. Taki
CTPHOKH TPHU3BOAATH [0 IiJBHIICHHS MaKCHUMAaIbHUX
HaTpy>XeHb y CTIiHIi, II0 MOXXE CIPUYMHHUTH i panToBe
pyHHYBaHHS.

BucHoBku
1. 3a JIOTIOMOT OO0 EKCIIEPUMEHTAILHOTO
JOCTIKCHHST OyJdd BHUMIpPSHI OCHOBHI IapamMeTpH
KOJIMBAJILHOTO MpPOIECY, a CaMe HampyXeHHS Ta

repeMinIeHHs S-00pa3Hoi CTIHKH KyJIFTHBATOPA.

2. ExcnepMMeHTalbHO BHU3HAYCHUIl BIUIMB 3MiHH
pexuMiB  poOOTH  Ha  XapakTep Ta [apameTpH
KOJIMBAJILHOTO MPOLIECY.
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OKCITEPUMEHTAJIBHOE MCCJIEJJOBAHUE
KOJIEBAHUI1 PABOYMX OP’AHOB
KYJIbTUBATOPA HA VIIPYTOU CTOMKE
A. U. Angpepos P. B. Anmowenxos, I'. I1. FOpvesa

AHHoTanus. B cTathe paccMOTpEHBI J1abopaTopHOe
SKCICPUMCHTANEHOE  HCCIICJOBaHUE  KoieOaHWit  S-
00pa3HOH CTOHKH C IENbI0 OIPEHCICHUS OCHOBHBIX
mapaMeTpOB TIpoIlecca PHIXJIICHUS MOYBHL VcciemoBaHue
MPOBOJIWIIOCH TIPH PA3IHYHBIX CKOPOCTSIX JABIDKCHHS
arperata, MEHSIaCh TIIyOWHA BXOXICHHS CTOWKH C
paboduM OpraHoOM B IOYBY, OBLIH HCIIOJIF30BAHEI JBA THIIA
pabounx opraHoB (Jlam) — JBYCTOPOHHSSI OOOpOTHAS
IUTOCKAs JIala U CTpeJibdaTas Jiarma.

KiaroueBbie cjaoBa:
9KCIEPUMEHTAIBHOE HCCICI0BAHNUE,
[IOYBEHHBIN KaHaJ.

KYJIbTUBAIIHSA,
yrpyras CTOMKa,

EXPERIMENTAL STUDY OF OSCILLATIONS
OF WORKING BODIES
OF CULTIVATOR ELASTIC ON FRONT
Alferov A. I. Antoshenkov R. V., Yuryeva G. P.
Abstract. In the article the laboratory experimental
study of oscillations of the S-shaped rack is considered in
order to determine the basic parameters of the soil
loosening process. The research was carried out at various
speeds of the unit, the depth of the entry of the rack with
the working organ in the soil changed, two types of
working bodies (paws) were used: a two-sided reversible
flat paw and a handheld paw.
Key words: cultivation, experimental study, elastic
strut, soil channel.
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Anoranis. IlpoBeneHo aHai3 Cy4acHOro CTaHy
BUKOPUCTAHHS HAaBIralliiHUX CHCTEM B TEXHOJOTISAX
TOYHOTO 3eMyiepoOCTBa Ui 3MEHIIEHHS BHTpAT Ta
e(DeKTHBHOTO  BHKOPUCTAaHHS  CLIBCHKOTOCTIOAAPCHKOT
TEeXHIKH.

KuouoBi cioBa: TouHe 3emiepoOCTBO, HaBirariiHi
TEXHOJIOT1.

ITocTanoBka npodaemMn

3acToCcyBaHHS BHCOKHMX TEXHOJOTIH 1 0COOJIMBO
HaBiTalifHIX TEXHOJOTi Jae OCOONMBO BpaKaIOUUA
pe3ynbTaT y THX Taly3sX HapoIHOTO TOCIONApCTBa, SKi
BBXKAIOTHCS HAHOINBIN BiACTAIMMH W ICTIPECCHBHUMI.
Moo mpOTo CiTbChKE TOCTIOAAPCTBO HAMIOI KPaiHU - T03a
KOHKYPEHIII€I0, alle, He3BAXKAIOUH Ha IIe, HaIllOHAIbHUI
0i3Hec MMOYMHAE MIMPOKE BIPOBADKEHHS iH(POPMAIiiHUX
TEXHOJIOTIH Yy ciIbCbKOMYy rocmoaapctBi. Crpobu
HaJaroJuTH e(QeKTUBHE W OCMHUCIICHE YIpPaBIiHHSA B
CUIBCBKOMY TOCHOAApCTBI  HATPAIUISIIOTH HA  Macy
MEPEIIKol. Y TepIly Yepry Le BiCYTHICTh JOCTOBIPHUX
BIIOMOCTEH, SK IpPO MICIEBICTh, TaK 1 MPO XapakTep
3eMJICKOPHCTYBAHHS 1 HOTO PEKUM.

AHaJIi3 0CTaAHHIX JOCTIIKEeHb

KepiBHUKH BEMTUKHUX TOCIIONApCTB HalfuacTille HaBiTh
HE 3HAIOTh TOYHUX PO3MipiB BIACHUX ITOCIBHUX ILIOMI, IO
00yMOBJIEHO iXHBOIO TOCTIITHOIO 3MiHOIO, y CHIIy Pi3HOTO
poly TPHUPOOHMX W  AAMIHICTPAaTHBHHMX IIPOLECIB.
BinHOBNeHHA KapTorpadiuHOro Martepiamy, IO paHille
3MIACHIOBAIOCS HAa  TpOHI  JIEpXKaBH, HPAKTUYHO
npunuHmIocs. PoboTa 3ailficHIoeThCs Ha TiacTasi kapT 10-
15  TniTHROI JNaBHWUHHW, MO HE BigOWBae peaii
cporopHimHboro  auA.  KpiM  TOro,  3MIiHIOIOTHCS
XapaKTepUCTUKH IPYHTIB 1 BereTalii Ha pi3HUX TUITHKaX
MOJIiB, a TaKOX BiJ OUISHKW 00 AiIAHKH. LIi mami, mo-
nepie, MOBUHHI OyTHM B pO3MNOpsyKeHHI (axiBLiB s
NIPOTHO3Y ¥ aHalli3y BpOXKaWHOCTI, a, O-JpyTe, JIeKaTh B
OCHOBI arpoOTeXHIYHWX IUIAHIB CTOCOBHO KO>KHOTO
KOHKPETHOTO MOJst a00 AUISHKH, y TIPOTHBHOMY BHUIAAKY
BTpaT i Hee()eKTUBHUX BUTPAT YHUKHYTH HE BIACTHCA.

Ille omHMM KEpenoM 3HAYHUX «3aldBUX» BUTpAT
SIBISIETBCS Hee(heKTHBHE BHUKOPHCTaHHS

CLTBCHKOTOCTIONAPCHKOI TEXHIKH. 3HIKCHHS ITMX BUTPAT
MOXITMBO 10 HACTYITHUM HalpsSMKaM:

* ABTOMATH30BaHHWI OOJIK BCIX HepeMilleHb
TEXHIKH, pO3paxyHOK IpoOiry i o0poOIeHnX oI

*  BHKIJIIOYCHHS PO3KpaJiaHb MaJIMBHO-MACTHUIILHUX
marepianiB (IIMM) (BBeJEHHSI CHCTEMH MOHITOPHHTY 32
Butpatamu [IMM);

*  BH3HAUYCHHA ONTHUMAJbHUX MapIIpyTiB
TPaHCHOPTYBaHHS TEXHIKK Binl 0a3u 1O 0OpoOIIOBaHUX
TIOJIIB;

* BHM3HAUCHHS ONTHMAJILHUX MapIIPYTiB JOCTaBKH
BPO’Kalo JI0 IYHKTIB IpHUHOMY;

*  KOHTPOJIb 33 IIBUIKICTIO TEPEMIllIEHHsI TEXHIKH
NPY BUKOHAHHI MOJIBOBHUX POOIT.

KommnekcHi TEXHOJIOTIT BUPOOHUIITBA
CIITBCHKOTOCTIONAPCHKOI MPOIYKIIii, 10 OAepkKalu Ha3By
«rouHe 3emiepoOcTBo» (Precision Farming), modanu
aKTUBHO PO3BUBATHCA 332 KOPJOHOM Ilie HampHKiHI 90-X
POKiB, 1 BH3HAHI CBITOBOIO CUIBCHKOT'OCIOJAPCHKOIO
HAYKOIO SIK JJOCUTHh S(EKTHBHI MEPEAOBI TEXHOJIOTII, MO0
NepeBOASATh arpapHuii 0i3Hec Ha OUIBII BUCOKHH SIKICHUH
piBeHb.

Merta nociigKkeHb

KomriekcHi TEXHOJIOTI{ BUPOOHUIITBA
CIITbCHKOTOCTIONAPCHKOI MPOAYKIIi € 1HCTPYMEHTOM, IO
3a0e3medye pimeHHS TPHOX OCHOBHUX 3ajad, IIo
3YMOBIIOIOTh YCIIIX B YMOBaX Cy4acHOTO pHHKY —
HasBHICTb CBO€YACHOI 00’ €KTHBHOI iH(OpMallii, 37aTHICTH
NPUIHATH BIpHI YNPaBIIHCHKI PILIEHHS W MOMIIMBICTH
peanizyBaty i pillieHHs Ha NpakTHLi. PilleHHs nuX Tphox
B3a€EMO3AJISKHUX  3a/Jad  MOXIHMBO 32  PaxyHOK
3aCTOCYBaHHS  CICI[iaJli30BAHMX TEXHIYHHX 3aco0iB,
HaBITallifHIX TEXHOJIOTIH 1 MpOrpaMHOTO 3a0e3IeYeHHS.

Pe3yabTaTh nociaigxeHb

MakcumanbHa ~ ©(EKTHBHICT  JIOCSTA€TBHCS B
pe3ynbTati MoOYAOBH KOMIUIEKCY MPOrPaMHO-TEXHIYHUX
3aco0iB (KIIT3), 110 BK/IFOYAE HACTYIIHI ITiICUCTEMH:

Anapatsi 3aco0u JJ1s1 TOYHOTO 3eMJIepoOCTBa!

- CHCTeMH MapayesibHOro BOJIiHHA ocHOBI GPS
HaBirarii;
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- MpoOOBINOIPHUKH I TPYHTOBHIA aHaNi3;

- cucTeMu audepeHIliioBaHOT0 BHECEHHST;

- TATYUKHU BPOJKAIO.

MOHITOPHHT CUTBCHKOTOCIIONAPCHKUX YTilb:

- MOHITOPHHT TPaHHIE pOOOYNX IINISTHOK TIOJIiB;

- arpoXiMiYHH MOHITOPHHT TOJIIB;

- CKJIaZIaHHsI KapT BPOXKaiHOCTI;

- aHaJIi3 YMOB MIiCIIEBOCTI.

MOHITOPUHT TEXHIKH:

- aBTOMaTHM30BaHWil 30ip naHux Ha ocHoBi GPS
HaBirarii;

- Bi3yauizallis nepeMilieHb TeXHIKH;

- OIIEpaTHBHUHN OOJIIK CLIBCHKOTOCTIONAPCHKIX POOIT.

TexHOJOTIYHE IUTAHYBaHHS 1 YIPaBITiHHS:

- TeXHIKO-€KOHOMIYHE TUIAHYBAHHS;

- OTICpaTHBHE TUIAHYBaHHS,

- omepaTHBHUH 00K
TIPOAYKIIT.

BromkeryBanus i piHaHCOBHI 0OIK:

- OroJpKeTYBaHHs i (hiHaHCOBUIT OOIIK;

- (hinaHCOBUIT aHAaI3;

- HaJlaHHs (iHAHCOBUX 3BITiB 1 KOHCOJIIAIlisl JAHHX .

[TyGmixamis i mocTyn 10 gaHUX dyepes Internet.

OTxe MoOBa iime TMpO CTBOPEHHAI KOMIUIEKCY
amapaTHO-MPOTpaMHUX  3aco0iB, 1O  JO3BOJISIOTH
HaKOMUIyBaTH 00’ €KTUBHY iH(OpPMAIIif0, aHATI3yBaTH ii Ta
MIPUMMATH MIBUAK] Ta €PEKTUBHI pillleHHS.

3a TpPOrHO3aMH  CBITOBHM  PUHOK  TOYHOTO
semiepobcrBa gm0 2025 poky mocsrae $10,23 mupm i
mopoky Oyzae poctu Ha 16%. YkpaiHa - He BUHSITOK.

TounuMu TEXHONOTISIMU TOKpUTI He Oinbmie 15%
YKpalHCBKUX CUIBIOCITYTi/b, 3 YpaxyBaHHSIM OOJaJHaHHS,
gKe Wae B KOMIUIEKTI 3 TEXHIKOIO, J0JaTKOBOTO
oOnajHaHHS, PI3HMX HABICIB Ha arperatd i TEXHIKY,
CepBiCiB, NOCIYT, NPOrPaMHUX MPOIYKTIB, APOHIB, 00CsT
PUHKY TOYHOTO 3eMJIepoOCcTBa B YKpaiHi CTaHOBUTH
npubsm3ao $ 60-70 MutH .

CporoHi yKpalHChKi arpapii 3a piBHEM TEXHOJIOTiH
He HabaraTo BIICTalOTh Biag pemrTu cBiTy. B VYkpaini
BIIPOBAKYETHCS TE, IO BUMPOOYBAHO B 1HIIMX KpaiHax.
CTBOpIOBaTH, TECTyBaTH, BUMIpPIOBaTH €QEKTUBHICTh
HOBUX TEXHOJIOTiH Bke He MOTpiOHO, YKpaiHChKi arpapii
OepyTb i BHKOPHCTOBYIOTH Kpamli 3apyOi’kKHI IpPaKTHKH.
ToMy TEXHOJIOTIYHHMI PO3PHB B TOYHOMY 3eMJIEpPOOCTBI
HEBEJIMKUAN 1 HIiSK HE 3aBaka€ IMOKa3yBaTH BHUCOKI
pe3yNbTaTH.

TOII-10 TexHOMOTi# TOYHOTO 3eMJIEpOOCTBa B CBITi,
SIKi BKe TIPUHUIILIA 1 B YKpaiHi.

GPS-cucremu i GNSS-Hasiratiisi.

[IpakTH9IHO B KO)KHOMY TOCTIOZAPCTBI B)KE MIPALIOIOTH
iHcTpyMeHTH, 3acHoBaHi Ha GPS. 3 tux mip, 1k B 1990-x
pPOKax CiTbChKE TOCHOAAPCTBO OTPUMAJIO TOCTYI [0
CYIYTHHKIB BU3HAUEHHS MICLIsl pO3TalllyBaHHsI, OIIEpaTOpH
1 BUpOOHMKM 3HaWIIIM pi3HI crmocoOM 3B's3aTH Wi
IHCTpYMEHTH, 11100 3poOuTH poOOTy Ha Micusix Habarato
npocrtimie i Toyninie. HaBiramiiHUMu 1aT9UKaMu ChOTOJIHI
o0JaiHaHI IPaKTUYHO BCi OIMHMII TEXHIKH - BiJ TPAKTOpa
i komOaitHa 70 ApoHa.

CporoHi B CBITI BCe 4YacTille BHKOPHUCTOBYIOTH
O1TBIIT MacImTadHy TEXHOJIOTII0 HaBirarinHux
cynytHukoBux cucteM GNSS. Bona oxorumoe pi3Hi
cuctemy, Bxirogaroun GPS, I'JIOHACC 1 Galileo.

Mo06inmbHI akcecyapy It KOHTPOJTIO 32 MOCiBaMHU.

CiJ'IBCLKOFOCHOI[apCBKO.l'

Po3BuTtok  TOYHOTO 3emyiepoOCTBa  CHOTOJHI
MPAKTUYIHO HEMOXXIWBUK 0e3 TaKeTiB. 32 JOIOMOTOI0
cMaptdoHa, IUIaHmeTa abo HaBiTh PO3YMHHX TOJIWH
MOXXHa CTEXHTH 3a CTaHOM IIOCiBiB, IIPOBOIUTH
JIarHOCTUKY TIoJisi, oTpuMyBaTH maHi GPS, OykBajibHO
CHUISMYN HA IWBAaHI.

Jns nporo icHye 0e3mid MOOUIBHHMX JIOJATKIB,
CHCHiaJbHAX MPOrpaM, SKi JTO03BOJSIIOTH EKOHOMUTH
(epmepam vac i rpomi.

Jponu, poboTH 1 KEpOBaHA TEXHIKA.

PobGoTH Bxke YaCTKOBO BUTICHWIH 3 TOJIB JIOACHKY
npamto. BoHum BMilOTH 3aciBaTH, 30MpaTH ypoOKai,
0o0pizaTH BUHOTPATHUKH, ITOJIUBATH, OOPOOISATH TPYHT,
BHOCHUTH J0OpHBa.

Ane HaHOUTBIIOTO TpOTrpecy BHAJOCS JOCATTH B
JMUCTAHIIIMHOMY YIPaBIiHHI CiabrocnTexHiku. Omneparop
MOXKe KepyBaTH cuisfdu B odici. ICHyroTh i Tak 3BaHi
pPO3YMHI MAaIllMHHW, 3[aTHI CIITyBaTH 3a TPAKTOPOM.
Hanpuknan, imxenepu xommnanii  Kinze crBOpmim
ABTOHOMHY CHUCTEMY 3¢pHOBOT'O KOIIWKA, PU3HAYCHY IS
HiAKIIOYCHHS 10 OyIIb-5IKOTO TPaKTopa.

Ipuraniiini cucremu (cUCTEMH HOJIMBY).

IHHOBAIIT B MpeUM3iHUX IpUTAIITHUX TEXHOIOTIsIX
CTalOTh i€ OiNbII aKTyaJIbHUMH, OCKIIBKH BUPOOHWKH
CTUKAIOThCS 3 HECTA4el0 BOJM uepe3 Iocyxy 1
BHCHa)XCHHSIM BOJOHOCHHMX TOpU30HTIB. OHE 3 OCTaHHIX
JIOCSITHEHb B Il 00MacTi - TeleMeTpis, 3aBISKH SKil
arpapii MOXXyThb IHUCTaHI[IHHO KOHTPOJIOBATH MPAKTUIHO
BECh MPOLEC IOJHMBY MPOCTO TPUMAIOYH Tepen co0oko
wiannoier abo cmaptdon 3i cneuiansuauMm I10. Cucremn
CKOHOMJIATH BOJy, 4Yac, MaJIMBO 1 3aM4acTHHH JUIs
TPaHCIIOPTHUX 3acO0iB.

VY Maii0yTHLOMY BUPOOHUKHM 3MOXKYTh IHTETpYBaTH B
CBOi CHUCTEMM MOHITOPHMHI BOJIOTOCTI IPYHTY, JaHi IIpo
MOTOJTY 1 TIOJIUBI.

Ochb OIHAa 3 OCTaHHIX 3pONIYBAJIBHHUX PO3POOOK:
KpareybHa JiHiS BUTATYEThCS Yepe3 MoJie 3a JOTIOMOTOI0
HeHTpoBaHoi abo JIHIHHOI CHCTEMH 3pOINEHHS, a
BOymoBaHi OOMpHCKyBadi 3a0e3MeuyioTh PIBHOMIpHY
CTPYKTYpY TIO BCii MOBXHHI 3polyBaHoi oOiacti. Bonma
JIOCTaBJISIEThCSl  0e3MOcepeIHb0 Ha TOBEPXHIO IPYHTY,
BUTIAPOBYBAHHS 1 Jped() BITPY MPAKTHYHO YCYBAOTHCS,
1110 JT03BOJISIE OLTBIIIN KiJTBKOCTI BOJM TOCSTTH KOPEHEBOT
30HH.

InTepuer peueit.

OHUM 3 HOBITHIX KJIIOYOBHUX CJIB I JOCSATHEHHS
TOYHOCTI 3a OcTaHHiI Kinbka pokiB craB IT. Konmemris
MIIKIFOYEHHST OY/1b-SIKOTO TPHCTPOIO 3BOAMUTHCS IO TOTO
1110 KEPYBAaTH HIUM MOHA 32 JOMOMOTOIO MiIKIFOYESHHS JI0
[aTepnery.

[ToB'si3aHI KOMITOHEHTH B CUIBCBKOMY T'OCITOAAPCTBI
MOXXYTh TOIIMPIOIOTECS HA  TOJIBOBI  JATYUKA 1
aepo(OTO3HIMKM JJIsI MOHITOPHHIY Ha MICISIX, MOXYTh
TaKOK BHKOPHUCTOBYBATHCS B JUCTICTYCPCHKIX
nporpamax, IHCTPYMEHTaX B3a€MOJIl 3 MPOJaBISIMU Ta
IHIIKUX JOJAaTKaX JUIsS YIIPaBIIiHHS Oi3HECOM.

Cencopu.

Be3npoToBi CEHCOpHI TaTYMKU BUKOPHUCTOBYIOTHCS B
TOYHOMY 3eMJIepOOCTBI ISl 300py JaHUX PO HASBHICTH
IPYHTOBHUX BOJ, JaHHMX [P0 YIIUIbHEHHS TPYHTY,
POMIOYOCTI, TEMITEPATypH JIMCTa, 1HACKCY IO JIHCTA,
CTaH BOJH, MICHEBHX KIIMATHYHUX JaHHUX, 3apaKeHHI
KOMaxaMH-XBOpoOaMHu.
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Puc. 1. 3acrocyBanHs reoiH(OpMAIifHUX CHCTEM Ta KOMII'IOTEPHHX 3aCO0iB CYITyTHHKOBOTO MOHITOPHHTY Y

TEXHOJIOTi1 TOYHOTO 3eMJIEPOOCTRBA.

VRA Seeding (crenrexHosoris BUCIBY HAaCiHHS 3i
3MIHHOIO MIBUAKICTIO).

TexHoorist BUCIBY HacCiHHS 31 3MIHHOIO IIBUJIKICTIO
JI03BOJIsIE BUPOOHMKaM BUKOPUCTOBYBATH BC1 MOXIIMBOCTI
IIBUILCHHST BPOXAaWHOCTI, IIPUIUISIOUN O0COOJIMBY yBary
¢daxkTopam, 10 BIUIMBAIOTH Ha 3POCTAHHS HACIHHS.
[ToniOHy TEXHOJIOTII0 BHUKOPUCTOBYIOTH 1 JUISi BHECCHHS
JI0OpUB, BUCTABJIAIOYH NMOTPIOHY IHTEHCHBHICTH X0y JUIs
KOYKHO1 KYJIBTYpH.

IIpoBicHUK TIOTOTH.

3a ocraHHi 25 pokiB 3'sBHIOCS 0arato BaXXJIMBHX
TEXHOJIOTiH B METEOPOJIOTIYHOMY MOJETIOBaHHI. ICHye
cnemianpHa wardopma ClearAg, 3maTHa IpoaHaTi3yBaTH
MOTOJHI YMOBHM, CTaH 1 TemmepaTypy TIpyHTy, i
3MOJICNIIOBATH ~ BapiaHT  BUPOLIYBaHHS  HaHOUIbII
NPUAATHOL JJIs1 PETIOHY KYJIBTYpPH.

MonemioBaHHs a30Ty.

Buecennst noOpuB 31 3MIHHOIO  HIBHJKICTIO
BUKOPHCTOBYEThCST Bke aaBHO. OnHak B curyauii 3
BHECCHHSM a30THHX HOOpUB I CHUCTEMa HE 3aBXIH
migxoautb. Tomy po3pobuuku SST Software y cmiBmparti
3 Agronomic Technology Corp cTBOpmmn crieriaabHIHA
THCTPYMEHT IS yIPaBIiHHSA BUKOPUCTAHHIM a30Ty, 100
BILTUB Ha €KOJIOTiI0 OyB MiHIMQJILHUM.

CyMICHICTh TEXHOJIOTi TOYHOTO 3eMJIepOOCTBa.

Arpapii, SIKi MalOTb CIIpaBy 3 BUKOPUCTaHHSM Pi3HOTO
oOnajiHaHHS B TOJISIX, PaTyIOTh 3a Te, 1100 10 BHOOpPY
TEXHIKH CTABUTHCS OUTBII BiJIOBIIATBHO 1 KOMILICKCHO.
HaituacTimie pi3Hi TEXHIYHI OJWHUIN 3aKYHNOBYIOTHCS Yy
pi3HMX BHPOOHHWKIB, a MOTIM 3'ICOBYETHCS, IO BOHHU
HecyMicHI. Arpapii 3aiikaBieHI B OHJIAHH-CHCTEMI
KOHTPOJIO 32 €(EKTUBHICTIO BHKOPHCTAHHS PpIi3HOTO
oOJrafHaHHA Ha TTOJISIX.

HasBHICTD €1eKTPOHHUX KapT MOJIB Ta€ MOKIHBICTh
BECTH CTpOTHH OOIK, TUIAHYBaHHS 1 KOHTPOJNB BCiX
CLTBCBKOTOCIIONapCHKUX OTlepamiid, sKi 0a3yloThCsS Ha
TOYHHUX BIiZJOMOCTSIX NPO PO3MIp IUIOII IOJIB, AOBXHHH
nopir, iHpopmauii mpo penbed Ta iH. Ha mincrasi
€JIEKTPOHHUX KapT MOJIiB MPOBOJUTHCS MOBHHH aHaIi3
YMOB, IO BIUIMBAIOTh Ha PICT POCIMH Ha JaHOMY
KOHKpeTHOMY moJii (abo HaBiTh Ha AinsiHkax 100x100 M

a6o 10x10 ™). Kaptm momiB CKi1agaroTh OCHOBY LIS
OlICp)KaHHA  CTPYKTYpH CIBO3MIHM I NpOBEICHHS
onTuMizalii  BUPOOHHMITBA 3  METOI  OJCpXKaHHs
MaKCHMaJIbHOTO TPHOYTKY, & TaKoX pallioHaJIbHOI'O
BUKOPDHUCTaHHsSI BCIX pecypciB, 1o OepyThb y4acTb Yy
BUPOOHHMIITBI.

BHKOpHCTOBYIOTBCSI HACTYIHI CHOCOOM HaHECEHHS
rpaHUIb POOOYUX MIISHOK MOJIB:

- BEKTOPH3allisd T'PaHUIp IIOJNIB 10 3HIMKY BHCOKOI
MPOCTOPOBOI PO3ALIBEHOT 31aTHOCTI;

- 00’31 TpaHunp moJyiB 3 BHKOpucTaHHAM GPS
yCTaTKyBaHHS 74 CHeLiaIbHOTO IIPOTrPaMHOTO
3a0e3MeyeHHS,

- KOMOiHOBaHHMH c110ci0, TOOTO 3BayKEHE CIIOTyYCHHS
MEPIIUX BOX.

Y paMKax KOMIUIEKCHOI CHCTEMH KepyBaHHS
CITbCHKOTOCTIOZAPCHKUM  TANPUEMCTBOM  €JICKTPOHHI
KapTH TIONIB 3aCTOCOBYIOTHCS IUIi OOJIKY CiBO3MIiHH,
MOHITOPHHTY PYXOMHUX 00’€KTiB, OpraHi3allii nepeBe3cHb,
CKJIQJIaHHs KapT BPOXKAHHOCTI, JUIs JOCIIKEHHS IPYHTIB,
JUISL CTATUCTUYHOTO W TEMAaTHYHOTO aHaji3y NaHWX, JUIs
TUIaHYBaHHS BUPOOHUYOTO IIPOLECY Ta iH.

CyIyTHUKOBUI MOHITOPHHT IOJIIB

OOCTE)KEHHSI  CLIBCHKOTOCIIOIAPCHKUX — TEPUTOPIN
BUKOHYETHCSl 3 BUKOPHCTAHHSIM CYIYTHUKOBOI CHCTEMH
robamsHOoro mosunioBanHsa (GPS). 3a mammmum GPS
npuiiMada BU3HAYAIOTHCS (DAKTUYHI TPaHUIN TIOJNIB.
Tounicte BuUMIpiB Bu3HadaeThes TunoM GPS mpuiitmaua,
III0 3aCTOCOBYETHCS, i IOJATKOBUM YCTATKyBaHHSM.

Bumipu moiniB MOXyTh OyTH BUKOHAaHI MOOLTPHUMHU
CHUCTEMaMH - HOYTOYK 3 miakmodeHnM GPS mpuiimadeM i
CHeliaJibHUM  TpOorpaMHUM  3a0e3nedyeHHs M  abo
qucTaHiiao. Jlns  mucTaHUiHMX — BUMIPIB - MOXKHA
BUKOPHCTATH PO3TOPHYTY CUCTEMY MOHITOPHUHTY TEXHIKH
3 IEHTpasli3oBaHUM 300poM JaHuX. BuOip BapiaHTa
BU3HAYAETbCS BHMOTaMH JI0 TOYHOCTI BUMIpiB H
OIEPaTHBHOCTI IXHBOT'O BUKOHAHHSI.

OyHKITIOHANBHI MOKJIABOCTI
MOHITOPHUHTY TIOJIB:

* CTBOPEHHS KOPHCTYBILHHLBKUX KapT IOJIB Y
BEKTOpHOMY (hopMaTi;

M ICUCTEMHA
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MojiB 3
abo

*  KOpEKTyBaHHS
YTOYHEHHSAM  iXHIX
00’ € qHAHHAM,;

e BBeaenHs GPS maHWX 3 KOHTpoOJIeM SIKOCTI TIO
KUTPKOCTI BHKOPHCTOBYBAaHHUX Yy pOOOTI CYIYyTHHKIB i
reoMeTpii IXHBOTO TMOJIOKCHHS, 110 BIUIMBAE HA TOYHICTH
BU3HAYECHHS MICIISl PO3TallyBaHHS;

e BimoOpakeHHSs Ha KapTi B pealbHOMY 4aci
onepxkyBanux Big GPS nanux;

*  BHMIp Ha KapTi BiZicTaHeH i IJIOIL; BU3HAYECHHS 32
CHPOLICHOI0 TEXHOJOTIEI0 YaCTHHHU IM0Jsl, 00poOIeHOro
CUILMOCITEXHIKOIO;

IMOTOYHMX
TpaHUIb,

KapT
PO30UBKOIO

* KOpeKTyBaHHSA CympoBimHOi iHpopmamii 3
KOYKHOTO TIOJISL.
ArpoximiuHI MOHITOPHHT TIOTIiB. Hami

arpoxiMIYHOTO aHaji3y IPYHTIB MO KOXHIA pPoOOdii
IUISHII IO MOXKYTh OyTH OTPHMAaHi IBOMa criocodamu:

- Y pe3yIbTaTi arpoXiMiqHAX 00CTe)KEeHb, BAKOHAHUX
CIIeIiaTi30BaHOI0 OpraHi3alli€eo;

-y pes3yibrari  BIACHUX  JOCHI/DKeHb 13
3aCTOCYBaHHSAM NpoOOBiAOipHUKIB 1 JabopaTopii 1o
aHami3zy mpo0.

VY nmepuioMy BHNAnKy JAaHl BKEe pPO3HECEHI MO
JIUISHKAaX 1 HEOOXiJHO iX BBECTH Y BIIMOBIIHI ITO3HMIII.
BigHoBneHHsT BioMOCTeH arpoXiMi4HOTO CTaHy IPYHTIB
TIOBUHHE TIPOBOJUTHUCS He piame 1 pa3y Ha 5 pokiB.

VY npyromy BHIIaJIKy 1O TOYKOBHX BUMipax Iporpama
(dopMye TIOBEpXHIO, SKa XapaKTEpU3ye  PO3MOILI
MOXMBHUX €JIEMEHTIB MO BCii Tepuropii. Janui meron
IIO3BOJISIC BUSIBUTH JIOKAJIbHI OCOOJIMBOCTI Ha KOMHIHN
poOoUii MIISHIT, OCKITBKY ITOKa3ye PO3MOAUT JaHHX, a HE
iXHE ycepeIHEHE 3HAaUECHHS.

OpHak Ut psAdy PO3paxyHKIB HEOOXiTHO OmepyBaTH
€IMHUMH TIOKa3HUKaMH PiBHSA 3MICTYy HOXKHBHHUX PEYOBHH
y IpyHTI B MeXaxX OinsHKd. [Iporpamue 3abe3medeHHs
JIO3BOJISIE PO3paxyBaTH IO PO3MOAUIEHOMY MOKa3HUKY
OJIHE 3HAYCHHSA pI3HUMH MeToaamu. Jlpyruit cmocid
arpoxiMi4HOrO MOHITOPUHTY € OiJbII TEepPCHEKTHBHUM,

OCKIJIBKM TOTYE AaHi sl AuepeHniioBaHOT0 BHECCHHS
J00puUB.

CkJiajaHHs KapT BpOXKaitHOCTI

Cucrema KOMII FOTEPHOTO MOHITOPHUHTY
BpOXKaiHOCTI - e(QeKTUBHUH CIOCIO BH3HAYEHHS 3MiH
PIBHS BOJIOTOCTI i BpOKaifHOCTI Ha MOJISAX TOCIOJApCTBA.
3 ypaxyBaHHSAM JaHHX IIPO Te, sIKa AUISHKA MOJIS IpHHECce
OlMpIIMK BpOJKal, BUXOOIYM 3 ONTHMI3aIlii BHUTpAT i

BUTSAT@HHA MAaKCHMAJIBHOTO NPHOYTKY, NpHIMaeThCs
pimeHHs mpo audepeHniioBaHy 00poOKy  IOIIB.
MoxJIMBa TOCTaHOBKA TNPOTHJIC)KHOTO 3aBIaHHA -

3HW)KEHHSI BUTPAT BIJIIOBIAHO JI0 MOTEHIIAIY BPOXKalo Ha
OigHMX 3eMisiX. 3a OaxaHHSIM, y OyAb-SIKMH MOMEHT
CHCTEMY KOMIT'FOTEPHOTO MOHITOPHHTY BpOXKaiHOCTI
MOYHa JIETKO MEPETBOPUTH B CHCTEMY KapTorpadyBaHHs
BPOXaWHOCTI.

AHai3 pi3HHX YMOB MICIICBOCTI

Ha  migcraBi  TomorpadidHMX — JaHWX  TIPO
po3TairyBaHHs poOOYMX IUISHOK MOJIB 1 MacIopTiB MOJIB
cHCTeMa JI03BOJISIE BU3HAYATH HACTYITHI TTOKa3HUKH:

- YXWIH MicleBOCTi (yCepeqHEeHUH, MO3JO0BXKHIA i
MOTIEPEUHHI);

- eKCIO3WIil (HampsIMOK) CXWJIB (Ha IBHIY, Ha
MiBJIEHB, HA CXiJ1, Ha 3aXiJ);

- CTYIIiHb €POJJOBAHOCTI;

- MEXaHIYHUH CKIIaJ IPYHTIB.

Kombinyroun 11i BiTOMOCTI 3 JaHUMH arpoxXiMiqHOTO
CTaHy, KapTaMH  BpOXXaWHOCTi, piBHEM  OIAaJiB,
MIOBEPXHEBUM CTOKOM Ta iH., MOXKHAa BH3HAYATH JIOKAJIbHI

JTUISHKY, 10 XapakTepH3YIOThCS JESIKOK  OIHKOIO:
BUMHUBaHHIM  abo  HaHocoM  mobpuB 1 33P,
3a00709yBaHHsIM a00 HECTaTKOM BOJIOTH X [0

MIPOTHO3YBaHHS BPOXKAHHOCTI.

TexHouorist aHalli3y AaHUX MOXe 3abe3nedyBaTHCS
mporpaMHUMHU  3acobamu  mpoctopoBoro aHamizy ['IC
pizHEX po3pobHmKiB Kaprta 2005.

Puc. 2. CtBopenns nmacnopty moirs 3 BukopuctanasaM ['IC «[lanopama AI'PO».
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HABUT'ALIMOHHBIE CUCTEMBI B TEXHOJIOT'UAX
TOYHOI'O 3EMJIEJEJINA
O. H. Beuepa, U. JI. Pocoscxuil, C. U. I[lacmywenxo
AnHoTanus. [IpoBeneH aHamU3 COBPEMEHHOTO
COCTOSIHUSI HCIIOJIb30BAaHUS HABUTAIMOHHBIX CHCTEM B
TEXHOJIOTUSX TOYHOTO 3CMIICHACTHS JJIS YMEHBIICHUS

pacxojioB u 3¢ GEKTUBHOTO HCIOJIb30BaHUS
CEIBLCKOXO03STMCTBEHHON TEXHUKH.
KaroueBbie cJIoBa: TOYHOE 3eMJIeIEITHE,

HaBUTaIITUOHHBIC TCXHOJIOTHH.

NAVIGATION SYSTEMS IN PRECISION FARMING
Vechera O. M., Rogovskii I. L., Pastushenko S. 1.
Abstract. Analysis of the current state of the use of
navigation systems in precision farming technology to
reduce costs and efficient use of agricultural equipment.

Key words: precision farming, navigation
technologies.
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AHoTauis. B nmaniif crati 00yMoBiIeHa aKTyaJIbHICTh
TEMH  JOCHIIOKEHHS Ta  3HAYMMICTE  30UIBIIEHHS
BpPOXXAMHOCTI COHAIIHWKA s YKpainu. Po3poOmeHa
METOIWKA [OCTi/KCHHS BIUIMBY BOJIOTOCTI HACiHHA
COHAIIHWKA Ha SKICTh Cemapamnii THeBMOTpaBiTallifHIM
cemapaTopoM po3poOICHNM B MOIIEPEIHIX TOCTIIKCHHSX.
[puBeneHa MeTOAMKA JTO3BOJISIE BUSHAYUTH PAI[iOHANBHY
HIBUAKICTH HOBITPSTHOTO MOTOKY BCepenHI
acmiparfiifHoro KaHajay pO3pOOJICHOrO cemaparopa.
[IpencraBneHi pe3ynbTaTu JOCHIIKEHHS, SKI MOKa3ajH,
0 po3po0JieHNWI MHEBMOTpAaBiTaLliWHUN — cemapaTop
30aTHUH TIPOBOJWTH PO3MOAIT HACIHHA COHAIIHUKA 3
Bosorictio g0 15%. Takoxx Oymo  mpoBencHe
JOCTIDKCHHST BIDIMBY TOBITPS Ha Cemapariio HaciHHS
COHAIIHMKA TIpH TemrepaTypi 1o 50°C, Tak sk came IFo
TEMIIEpaTypy BHKOPHCTOBYIOTH JJIsI  IIPOCYIIYBaHHS
HaciHHS COHSMHMKA. OTpUMaHi pe3yiabTaTH IOKa3ajH,
II0 3HAYHOTO IMOKpAIIEHHS cemapalii HaciHHA He
BinOyBaeTbcsa. ToMy, BHUKOPHUCTOBYBATH PO3POOIICHHH
cemapaTop B SIKOCTi [JIOJJaTKOBOI TPOCYIIKM HACiHHA
COHSIIITHUKA HEMOXKIIUBO.

KnarwuoBi cnoBa: anami3, cemapyBaHHS, HaciHHS,
COHSIIIHUK, MTHEBMOTPaBITAI[IHHUH cemapaTop.

IlocTanoBka npodjaemMn

COHSIIHUK — OCHOBHA OJIiHA KyJNbTypa B YKpaiHi.
ATrpoBUPOOHHMKH HapOIyBaTH BUPOOHMITBO, MEPEPOOKY
Ta eKCIOPT HMPOIYKTIB HOTO MEepepoOKH.

3a migcymkamu cigas—cepmHs 2017 p. VYkpaina
excriopryBasia 57,01Tnc. ToH HaciHHS COHSIHUKY. [Ipo
me cBiguath pfaHi JlepkaBHOi (icKambHOI CITy:KOHM
Vkpaian. YkpaiHa € HalOUTBIIAM y CBITI €KCIIOPTEPOM
coHsIIHMKOBOI  omii. Y 2016 pomi  yKpaiHCBKi
MANPUEMCTBA  SKCIIOPTYBAJIM  PEKOPAHUE  o0csr
COHSIIIHUKOBOT 0111 — 4,8 MijIbiiOHA TOH.

Bucoka peHrabenpHICTh B IMOpPIBHSHHI 3 IHIIUMHU
ONIMHUMHM Ta 3€pHOBUMHU KYyJIbTYpaMH CIOHYKasa
yKpalHChKUX arpapiiB Ha 301IbLIEHHS MOCIBHUX ILIOLL il
COHSIIHUK NpakTHyHO Ha 20%. Came 1eit daxt pazom 3i
CHPUSTINBUMH MOTOAHAMH YMOBAMH JIO3BOJIMIIN B CE30HI
2016 3ibpatm pexkopmHHA ypoxkail. MIiHiCTEpCTBO
arpomnoNITHKK 1 TPOJOBOJBCTBA YKpaiHM KOHCTATye

ypoxaid Ha piBHi 13,3 muH ToHH. [IporHoz USDA vy
JUCTOMA/ 3HAXOAUTHCS Ha piBHi 13,5 muH ToHH [1].

Came ToMy 30UIbIIEHHS BPOXKAHOCTI COHSILIHHKA
e OJiHAa 3 TOJIOBHOIO 3aJlauel0 yKpaiHChKuX (epmepis.
Binomo Garato pi3HMX HayKOBO-OOIPYHTOBaHHX METOIIB
30UIbIIEHHS BPOXKAHHOCTI COHSIIHUKY.

OmHuM 13 crmocoOoM  30UTBIICHHS —BpPOXKaHOCTI
COHAIIIHWKA € BHUKOPHCTAaHHSI TIPH CIiBOM HACiHHI C
HaHOUTEITUMH O10JIOTIYHO IIHHUMH BiacTHBOCTAMHU. Lle
HACIHHS OTPHMYIOTH 3a JIOTIOMOTH BiTOOpY i3 3arayibHOi
MacH IUITXOM cernapariii.

[IpoBiBImmM aHami3 JiTepaTypu MH Ai3HAIHNCH, IO
BiOip 13 3arajdpbHOi MacW HaWOIIBII TPOAYKTHBHOTO
HACiHHA 13 HAaWOINBIINM 3amacoM TOXXWBHUX PEYOBHH,
T00TO i3 Benukoto macoro 1000 mryk HaciauH (80-100 r),
JTO3BOJISIE OTPUMATHU 301IBIIEHHS BpOKaWHOCTI Ha 3-5 11 3
1ral2,3].

JlirepaTypHi naHi BUpoOyBaHb MOBITPSIHUX KaHAIiB
CepiilHMX MallMH II0Ka3yloTh, IO OYMIICHHS Ta
COPTYBaHHS HACiHHA 311HCHIOEThCS B HUX 3 HEIOCTATHBHO
BHCOKOIO SIKICTIO: MiCJIsl cemapauii B «UiHHIH» (pakuii
samumaerbess  20-30 %  ;merkoro  (HEMOBHOIIHHOTO)
HaciHHsA, a 30inbmeHHst Macu 1000 3epeH ckiiaiae BChOTO
4,4%. Ile Bkazye Ha Te, MO0 MOJIMBOCTI MOBITPSIHOTO
MIOTOKY BUKOPHCTOBYIOTECS JAJICKO HE TIOBHICTIO.

ToMmy HEOOXigZHO CTBOPEHHS MPHHIIUIIOBO HOBHX
KOHCTPYKIIH MOBITPSHUX KaHAIIB i crmoco0iB Moy, sKi
JMAIOTh MOXJIMBICT MiABHIMUTH SKICTH  PO3IiTCHHS
HaciHHeBOro Matepiamy [4]. V 3B’sa3Ky 31 cka3aHHM
JIOCITIJDKEHHSI, TTOB’sI3aHi 13 OOIPYHTYBaHHSM IapameTpiB
IHEBMOTpaBITalllfHOIO ~ cemaparopa Ul HAcCiHHS
COHSIIIHHMKA € CBOEYACHUMH 1 aKTyalbHUMU.

AHaJi3 0CTaHHIX JO0CTiAKeHb

AHami3z  pe3ynbTaTiB
MiATBEPKYE, IO ICHYIOUi
KOHCTPYKIIi MHEBMaTHIHUX
HEJOMIKIB  (HEJTOCTAaTHBHO
PO3AUICHHS,  CKIIAIHICTh
€HEepreTUYHi BUTPATH).

B nmitepaTypi BiACYTHI TEOpPETHYHI JOCIIIPKCHHS
JIMHAMIKH HACIHHS COHSIIHUKA B HIDKHIA poOoYiil 30HI
NHeBMoOrpaBitauiiinoro cemaparopa [5].

HAyKOBUX  JOCHiIKEHb
TEXHOJIOTIYHI CXeMH Ta
CemaparopiB MaroTb P
SKICHE  OYHINEHHS  Ta
HAJIAIITYBAaHHS,  BHCOKI
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Mera aocjiaKeHb

MeTtor0 AOCHIIKEHHSI € OIliHKa BIUIMBY BOJIOTOCTI
HaCiHHS Ha  SKICTh cemapamii  po3po0IeHOTO
ITHEBMOTPABITAlIHHOTO ~ cemaparopa B  IONEPEAHIX
JOCITIHKCHHSX [4, 6].

Pe3yabTaTh nocaigxeHHst

Bouoricte HaciHHA COHSIIHMKY Ma€ BIUIMB Ha
BJIaCHY Macy KOXHOI OKpeMo y3sToi HaciHMHHU. SIK Ham
BiIOMO, MO0 Tmpu 30UIBIICHI BOJOTOCTI  HACIHHA
30LTBITY€EThCA 1 Bara OCTaHHBOI, IO TIOTIpPIIyE SKICTH
MOJIUTY B TIOBITPSTHOMY ITOTOIII.

VYcporo, i3 JiTepaTypHHX JDKEpENl BiIOMO, IO
COHSIIHMK Ma€ IpW HOro mnpuiMaHHI Ha IYHKTH
nepepoOKH YOTHPH Tpajaiii BoiorocTi [5, 7]:

- cyxwuii cra 7%;

- cepenHboi cyxocTi 7...8%;

- BoJstoruii crad 8...9%;

- HaJ BOJIOTHH cTaH — Ounbiie 9%.

SIKIIO COHSIIHMUK Ma€ BOJIOTICTh 7% Ta MEHIIIE, TO 1€
3HAYEHHS € KPUTHYHHUM, [IPU [IbOMY BOJIOTICTH HOBHICTIO
azcopOOBaHa Ta HE BUIANSETHCS 13 HACIHHS.

Jlst BU3HAYEHHST HEOOXiAHOT BETUYMHHU 301TbIICHHS
HIBUAKOCTI TOBITPSIHOTO MOTOKY B KaHaJll PO3IICIUICHHS

BEepPTUKAJBHOI acmipamii, HamMu Oylmo po3poOieHo
HACTYITHY METOJIUKY.
1. Bcranosunm parioHabsHy MBUIKICTH

MOBITPSTHOTO TIOTOKY B acmipariiiHoMmy kanam 4,5-5 m/c
3a monomoroto Tpy6kwu ITito [2].

2. Hacimas (100 r), BuCymeHa A0 KPUTHYHOI
Bosorocti (Mo 7%) BiacemapoByBajack Ha MiIIEHb,
po3TamioBaHy Haj MpUiMadaMu MPOAYKTIB IMOIITY, Ta
3aMalleHy TyCTHM IIapoM JIMIKOro Marepiany (Tumy
Jliton-24).

3. 3aMmipsuin Ta BH3HAYalM 3aralbHUN cepenHiit
JiaMeTp OTPUMAHOTO CIiJy HACiHHS MICJs cenapyBaHHS
npu 0a3oBid mBuakocti (4.5-5,5 m/c), uuaxom ioro
npoMipy y 8 HampsiMKax Ta 3HAXOJUBCS CEPEIHIN TOMIK
HHUMU.

Ile 3nHaveHHs Opaiocsi 3a OCHOBY, OCKUTBKH JIst
OCATHEHHSI TaKol caMoOi SKOCTI TOHITy i OiibIn
BOJIOTOTO HaciHHsA, Tpeba Oynme 30UIBIIyBaTH IIBHUIKICTH

HOBITPSTHOTO MOTOKY BEPTUKAIILHOT aciipartii.

4. TToTpiOHY BOJIOTICT, HACIHHIO HA/IABAJH LIJISIXOM
OONpPHUCKYBaHHS PO3IMHICHOI BOJOK 13 OJHOYACHUM
NPOMIpPOM Cepe/IHbOI BOJIOTOCTI HACIHHS METOJIOM 00MIipy
20TH HACIHMH, Y3ATHX BHIAJKOBUM YHHOM i3 DI3HHX
MICLIb HAaBICKH.

5. Bonoricte HaCiHHA BHMIpPIOBAIH 32 JIOMOMOTOO
Bosoromipy Laser Liner i3 mopoOiieHUMH IIymiamu, IO
Ma€ HAaCTYIHI XapaKTePUCTUKH:

- Iiamma3oH BUMiproBaHOi Bojorocti 6-30%;

- noxnOka BuMiproBaHHs +1%.

[Ticnst mpoBeneHHs IOCIi/NIB HACIHHS BHCYLIYBaJOCh
y CymUIbHIN madi Ta mepesipsuiach GakTUIHA BOJIOTICTh
MIUISIXOM 3BaYKEHHS BOJIOTOI Ta BUCYIIEHOI Mach poOovoi
HaBickW. JIJIS TOYHOCTI pe3ynbTaTy MM IMPOBOIMIN BCi
€KCIIEPUMEHTH 3 TPUKPATHOIO MTOBTOPHICTIO.

[licns orpuMaHHS pe3yibTAaTiB MH  BUPILIIIN
nogaBatu Timirpite moBiTps mo 50°C B acmipamiifHHiA
KaHaJl Ta IPOBEJIM BCi BUIIE O3HAYEHI ITyHKTH.

JlocnianBIIM BIUIMB BOJIOTOCTI HACiHHS COHSIIHHMKA
Ha paliOHAJIbHY WIBHAKICTH IIOBITPSIHOTO IIOTOKY MH
3pobwu rpadik npencTaBicHuin Ha puc. 1.

Sk BuzpHO i3 rpadika Ha puc. 1, mpu 30UIBIICHHI
BOJIOTOCTI HAacCiHHA coHsmHHKa Bix 7% mo 20%
HEOOXiTHO 301BITYBATH MBHUIKICTh MOBITPSHOTO ITOTOKY
moBiTps Bix 5,5 M/c 1o OM/C I SIKICHOTO PO3MOILTY
HaciHuH. [licis MpOBENEHHS EKCIEPHMEHTY 3 MOZAdCIo
moBiTps Temreparyporo 50°C B acmipariiiHuil KaHaid MU
MIPUHATIUTA IO BHCHOBKY, IO MiAIrpiTe MOBITPS 3HAYHOTO
BIUIUBY Ha SKICTh pO3MOJINYy HaciHHA He pnpae. lle
00YMOBIIIOE THM, LIO acHipaliiHUM KaHaj Maily BHCOTY,
THM CaMHM HaCiHHS HEJOCTATHbO B3AEMOJIE OAMH 3
OJTHHM.

BucHoBKkH

1. Sk moKa3amu [OCHIPKEHHS BOJOTICTh 3HAYHO
BIUIMBA€ Ha SIKICTh cenapyBaHHs Hacinusa. [lpu
301IBIIEHH] BOJOIOCTI HACiHHSA COHSINHHKA Big 7% 10
20% HeoOXimHO 30i7bLIyBaTH MIBHIKICTH ITOBITPSTHOTO
MMOTOKY B CEpeArHI acmipamiifHoro KaHay 110 5,5-6m/c.

2. IMigirpiBanus moBiTps a0 50°C mepen momayero
Woro B acmipamiiHAi KaHan cemapaTopa 3HAYHOTO
TIOKpAIEeHHS PO3MOILTY HE Ja€.

V,
m/c 6

5.5

4.5
5 10

15 20 %
Bonozicmb

Puc. 1. I'padik 3anexxHOCTI pariioHadbHOI MIBUAKOCTI MOBITPSIHOTO TIOTOKY CemapaTopa BiJ BOJIOTOCTI HACiHHS.
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METOJVKA NCCJIEJJOBAHUA BIIMAHU A
BJIA)KHOCTU CEMAH ITIOJICOJITHEYHUKA
HA PAITMOHAJIBHYIO CKOPOCTBH BO3IYIIIHOI'O
ITOTOKA B TIHEBMOI'PABUTAILITMOHHOMY

CEITAPATOPE

C. B. Kiopues
AnHotranms. B mamHOW crathe 0OycnoBIeHA
aKTyaJbHOCTb TEMBl WCCJICIOBAHUS ¥ 3HAYNMOCTD
VBENIMYCHUST  YPOKaHOCTH MMOJICOJHEYHHUKA  JUIA
VYkpamnel.  Pa3pabotana  MeTomuKa — HCCIICIOBAHUS
BJIMSIHMS BJIQ)KHOCTH CEMSH IOACOJIHEYHHKA HA Ka4ECTBO
Cemapanuyd  [MHEBMOTPAaBUTALIMHHHBEIM  CEIapaTopoM,
pa3paboTaHHBIM B MPEABIAYNIUX  HCCIEIOBAHUSX.
IIpuBenena METOIHKA, MO3BOJISIET OTIPEJIEIUTD

paIoHaJIbHYI0 CKOPOCTh BO3YIIHOTO TOTOKAa BHYTPHU
aCTMPAIlMOHHOTO KaHajla pa3pabOTaHHOrO cemapaTopa.
IIpencraBneHsl pe3yabTaThl HUCCIEJOBAHHS, KOTOPBIC
MMOKa3aJId, 4YTO pa3pabOTaHHBIA ITHEBMOTPABUTAIIMHHUI
Cemaparop CIIOCOOCH MPOBOAUTH PACIpPECIICHUE CEMSH
MMOJCOJIHEUHHNKA C BIIAXKHOCTBEIO J0 15%. Takke ObLIO
MPOBEIEHO  MCCIEAOBAaHWE  BIMSHHUS ~ BO3AyXa Ha
cenapaluio CeMsiH MOJCOJHEUHUKA NIPU TeMIIepaType A0
50°C, Tak Kak 3Ty TEMIEpaTypy HWCHOIB3YIOT Ui
MPOCYIIKH  CEeMSIH  IOJCONHEYHWKA.  [lomydeHHBIS
pEe3yNBTAThl MOKA3alld, YTO 3HAYMTEIHHOTO YITyUIICHHUS
cemapandd  CeMsH He  TpoucxXoauT.  [losTomy,
HCIIOJIb30BaTh pa3paboTaHHBIA CemapaTtop B KadecTBe
JOTIOTHUTEIBHON TPOCYIIKH CEMSH ITOJICOTHEYHHKA
HEBO3MOKHO.

METHODS OF INVESTIGATION OF INFLUENCE
OF HUMIDITY FAMILY OF SUMMER
ON RATIONAL SPEED OF AIR FLOW
IN PNEUMGRAVITATION SEPARATOR
Kyurchev S. V.

Abstract. The purpose of this article is to determine
the relevance of the research topic and the importance of
increasing the yield of sunflower for Ukraine. To develop
a technique for studying the effect of sunflower seed
moisture  on  the separation quality of a
pneumogravitational separator developed in previous
studies. The method is given, it allows to determine the
rational speed of air flow inside the aspiration channel of
the developed separator. The results of the study are
presented, which showed that the developed
pneumogravitational separator is capable of distributing
sunflower seeds with a moisture content of up to 15%.
The results showed that there is no significant
improvement in seed separation. Use of the developed
separator as an additional drying of sunflower seeds is
impossible.
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bion. 7, puc. 4, maén. 1.

AHoranis. B poGori HaBemeHi pe3yibraTd
EKCIIEPUMEHTAIBHUX ~ JIOCIIPKEHb  aBTOTPaHCIIOPTHOTO
neuryna  6I'YH13/14  (6-unmminapoBuif, ra3oBuii,
YOTHPHOXTAKTHHH, 3 HAIIyBOM JBHUIYH, JiaMETpOM
matinapa 130 M i xoxom nopuisst 140 Mm), o6nagHaHuN
ra30TypOiHHUM HaJITyBOM i €JIEKTPOHHOIO PO3IOIICHOO

momadero rasy. Mera JIOCHIIDKEHHS — TepeBipka
aJICKBATHOCTI ~ 3asBJIICHUX  XapaKTEPHUCTHK  CHCTEMHU
VOpaBIiHHA 3  pPO3MOUIBHOIO  TOJAdel0  Tasy

Oe3nocepeHbO Ha 00'€KTi YIPaBIiHHS, OLIHKA BIUIUBY
mapameTpiB poOOTH  CHCTEMH  yNpaBIiHHA 3
PO3IOTBHOIO TIOAa4€el0 ra3y Ha iHIUKaTOPHI MOKa3HUKU
JIBUryHa.  AmpoOamiss  cucteMd  yHpaBliHHA 3
PO3IMOJUICHOI0  [MOJIauer0  Ta3y BHUKOHyBajach  Ha
BUIIPOOYBAJILHOMY CTEHAI JUIA JIOCHTIPKEHHS poOOYOro
mporiecy  rasoBoro  gpuryHa 6IYH 13/14,  sxwii
OCHAIIEHNI1 ICKPOBOIO CHCTEMOIO 3allaJIlOBaHHS BHCOKOT
eHeprii i razoTypbinanM HaamyBoM. CteHn oOnagHaHUN
BHUMIPIOBAJIFHIM KOMIUIEKCOM. EdeKkTuBHICTH cucTemu

YOpaBIiHHA 3 PO3NOAUIBHOIO TI0aYer0 razy Io
BiTHONICHHIO 10 KJACHYHOI CHCTEMH  IKMBIICHHS
OIIHIOBAJIACS ~ IUIAXOM  IOPIBHAHHS  IHOUKAaTOPHHUX

MOKa3HUKIB pobouoro mporecy. [Ipu poboti aBuryna 3
PO3MOAUTHHOIO TTOAAaYCI0 Ta3y OyIIO BiAMiU4E€HO 3pOCTaHHS
IHIUKaTopHOi TOTYyXHocTi Ha 17 %, cepeaHboro
IHIUKaTopHOTO THUCKY Ha 2,9 % Ta 3HIKCHHS
IHIMKaTOpHOI BUTpAaTH NanuBa Ha 6,75 % mpu yacToTi
00Gepranns koninuaroro Bany n = 1054 xg i koediuienty
HA/UIMIIKY MOBITPS o 1,8. Ampo0amis cucremMn
YIOPaBJIiHHA 3 PO3MOAUIFHOIO TIOJaYer0 rasy Iokaszaia
CBOIO MPAIECIIPOMOXHICTh B CKJIaJli Ta30BOTO JBUTYHA
6I'dH 13/14 1 azexBaTHe BHMKOHAHHS IOKJIAJA€HUX Ha
cuctemy (ynkmiid. [Ipyu 11bOMy 3aCTOCYBaHHS CHCTEMHU
YOpaBIiHHA 3 PO3MOJUIFHOIO TMOJauel0 ra3zy CHpuse

MiABMIEHHIO IOKa3HUKIB po00YOro mporecy IpHu
3a0e3neueHHI KOHIICTIIT «O1THOTO 3TOPSHHS.
KiirouoBi  cjioBa:  aBTOTPaHCHOPTHUM  JIBHUTYH,

eKCIIepUMEHTAJbHI JOCTIPKeHHS, HA/ITyB, TI0Ja4da ra3y.

IMocranoBka npoodJjeMu

[IpoBecTi eKcIepUMEHTAlbHI  JOCIIDKEHHS 0
3HSTTIO XapaKTEePHCTHK aBTOTPAHCIIOPTHOTO JBHTYHA
6I'YH 13/14 3 HammyBOM i PO3MOALTIEHOIO TTOIAYEIO Ta3y.

AHaJi3 0CTaHHIX JOCTiIKeHb

Ha mnouatkoBiii craznii aBropom Oyiu npoBeneHi
BUNPOOyBaHHS 0€3 HaJyBHOIO [BHI'YHAa 31 IITaTHUM
razo0asfoHHUM oONamHaHHAM [6, 7]. Sk moOKazamm
pe3yNIbTaTH TOTEPETHIX BUIIPOOYBaHb, BUIIPOOOBYBAHHIA
razopuii  0e3  HAAyBHMHA JIBUTYH 31  IITaTHUM
ra3o0aJlOHHNM O00JaJHAHHAM MaB 3aHIDKEHI MOKa3HUKH
notyxxHocTi (Ha 10-12% Hmkde, HiX y 6a30BOr0 Tu3ens
SIM3-236) 1 3aBuileHy OUTOMY €(EKTHBHY BHUTpPAaTy
nanuBa (Ha 6-8% Oinplry, HIX y AW3EN) i, BIATIOBIAHO,
MaB HH3BKi CKOJIOTIUHI TOKA3HUKU Ta MiABHUIICHY TEIUIO-
HATIPY>KEHICTh JeTajel BEpPXHBOIO IMOSACY IHIIHIPO-
nopuHeBoi rpynu ABuryHa. ToMy BHHHKIA 1OoTpeda B
NPOBEICHHI TAaKMX HATYpHHUX JOCIHIPKEHb HaIyBHOT'O
ra3oBOrO JIBUTYHA.

Meta gociixxeHb

MeToro JOCHIDKEHb €: TIepeBipKa aJeKBAaTHOCTI
3asIBICHUX XAPAaKTCPHCTHK 3 PO3MIOALIBHOI IT0JaYCIO
razy OesmocepenHBO Ha O00'€KTi YHpaABITIHHA; OIIHKA
BIUIUBY TIapaMeTpiB pPOOOTH CHCTEMH YNpaBIiHHA 3
PO3MOIIITBHOIO ITOAAYCI0 Ta3y Ha IHIUKATOPHI MOKA3HUKU
JIBUTYHA 3 Ta30TYPOIHHIM HaJ[/TyBOM.

Pe3yabTaTh nocaigxeHb

Y  poboTi HaBe#eHI  pe3yNbTaTH  HATYypPHHUX
BUMPOOYBaHb CHCTEMHU YIPAaBIiHHSI 3 PO3MOIUICHOIO
nojayero raszy. yus mporo Oyna po3polOiieHa cuctema
(dasomanoi mogaui razy [1, 2] Ans JKUBJIEHHS Ta30BUX
JIBUTYHIB CepelHbOl 1 BEJIMKOI MOTYXXHOCTI Ha NPHUKIAJII
6T'YH 13/14 [3, 4]. o 3aBaaHb CHUCTEMH YIPaBIiHHS
PO3MOUILHOI MOAA4Yet0 ra3y BXOAWUTH 3a0e3MEeUYCHHS:
HE0OXITHOT BEJIMYNHM LIUKJIOBOI IMOJayl B 3aJI€KHOCTI Bif
3MIHA pEeXHMIB poOOTH IBHUTYHAa 3a JOTIOMOTOI0 3MiHHU
Yyacy BIJIKDHTOIO CTaHy EJIEKTPOMArHITHOIO [03aTopa
rasy [5]; uukiIi4HOI piIBHOMIPHOCTI MO/1a4i ra3y; 3a[aHoro
MOMEHTY T[O4YaTKy Ioja4i ra3y Ha TakTi BIIYCKY
HE3aJIe)KHO Bijl 4acTOTH 0OepTaHHsS KOJIIHYAcTOro Baia 3
ypaxyBaHHSIM IIOBHOTO 4Yacy BIAKPUTTS  KiamaHa
€JIEKTPOMArHiTHOTO /103aTopa rasy.
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Puc. 1. 3oBuimHii Burmsa razosoro apuryHa 6I'YH 13/14 3 ememeHTaMM CHCTEMH YIPaBIiHHSA PO3MOIUTEHOL

moJ1adi rasy.

a

0

Puc. 2. EnemenTH cucteMu ynpaBiiHHS PO3IOAUIBHOI T0/adi Ta3y: @) 30BHIMIHIA BUIVIA Ta30BOi pamIy 3
€JIEKTPOMArHITHUMHM JI03aTOpaMH Ta3y; 6) 30BHILIHINA BHUIJIA OJIOKIB CUCTEMHM YIPABJIiHHS 3 PO3NOJUILHOIO I10/1aYeto

ra3y Ha etari arpooarii.

Anpo0aniisi CUCTEMH YNPaBIiHHSA 3 PO3MOJIUILHOIO
mojader0  razy  3IOiHCHIOBaiacsl Ha  CTEHOI  UIA
IOCTIDKEHHS pPO00YOro IpoIecy Tra30oBOTO JBHTYHA
6I'UH 13/14 (pucyHok 1 i pHCYHOK 2), OCHAIIEHOTO
ICKpOBOIO CHICTEMOIO 3alajlOBaHHS BHCOKOI €Hepril i
ra3oTypOiHHUM HaqumyBoM. Jlns peectpamii mapaMeTpiB
IMIBUAKOIUIMHHUX  TPOLECIB  CTeHA  OONagHaHWN
BUMIPIOBAJIbHIM KOMIUIEKCOM BKIIIOUa€ Ha0ip AaT4MKIB
(oNIOKEHHs KOJIIHYacTOro Bally, THCKY B IMJIIHApI 1
ra3oBiii pammM, BHTpaTi NOBITps, MNiAHOMY KianmaHa
€JIEKTPOMArHiTHOTO J103aTOpy razy, MOMEHTY
ICKPOYTBOpPEHHSI) 1 aHAJIOrOBO-IIM(POBUX IPHCTPOIB TUITY
L-Card 14-140 3 BUX0I0M Ha MEPCOHANBHUIN KOMII FOTED.

Ha pucynky 3 HaBeieHO (parMeHT peecTpOBaHHX
mapaMeTpiB MiJ 9ac BUMPOOYBaHHS CUCTEMH YIIPaBIIHHS
3 PO3MOJINBHOIO MTOJAYCIO Ta3y: MOJ0KEHHS MOPLIHS 4-T0
IWTIHApPA BITHOCHO BEPXHBOI MEPTBOI TOYKHU (A), THCK

poboyoro Tima B wmwmHApi (B), curHan cucremu
samanroBanHs ~ BUcokoi emeprii  (C), 1 MOMEHT
CIpalbOBYBaHHS KJAllaHa EJIEKTPOMArHiTHOTO a03aTopa
razy (D).

EdexruBHicTh pobOTH CHCTEMH YNpPaBIiHHSA 3
PO3MOJUIBHOIO II0JIau€l0 Tra3y MO BiJHOLIEHHIO JIO
KJIACUYHOI CHCTEMH JKMBJICHHS OILIHIOBaJacs MIIITXOM
TOPIiBHSHHSA ~ IHIUKATOPHUX  IMOKa3HUKIB  poOOYOro
Mporiecy Ha 3aJaHid 4acToTi OOepTaHHS KOJIHIACTOTO
Baya nBuryHa (tabmung 1 i pucynok 4). Ilpu pobGori
JBUTYHa 3 CHCTEMOIO YIPABIIHHA 3 PO3MOAUIEHOIO
rmojiavero ra3y OyIio BiI3HAYEHO 3pOCTAaHHS iHAMKATOPHOL
noryxHocti Ha 17,3%, cepesHbOro iHIUKaTOPHOTO TUCKY
Ha 2,9% 1 3HIWKEHHIO 1HIUKaTOPHOI BUTPATH NajiBa Ha
6,75% npu 4acToTi 0OepTaHHs KOJIIHYAcTOro Baja piBHIN
1054 £ 10 xB? i koedilieHTi HAAIULIKY NOBITPS, AKUI
nopiBaIoBaBcs 1,8 +0,3.
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Puc. 3. Ocuunorpama poOOTH CHUCTEMH YNPaBIIiHHS PO3MOALIBHOIO TOJAYEI0 ra3dy B CKJIajl ra30BOrO JBHIYHA
6I'YH 13/14: @gnycxy - TPUBAIICTD BIAKPUTTS BITYCKHOTO KJIANIAHA; QPgunycky - TPUBAIICTD BIAKPUTTS BUITYCKHOTO KJIAllaHa,
Qriepexp- - HIEPEKPHUTTS KIIAMAHIB.

Puc. 4. 3mina TucKy i TeMnepaTypu po6ouoro Tina B umtinapi aeuryna 6I'YH 13/14 (n = 1054 xB, 10y = 7 Mc,
@un = 12 TpanyciB MOBOPOTY KOJIIHYACTOTO Baja Hicisi BEpXHbOI MepTBOi ToukH, € = 11,8): p1, T1 - THCK 1 TemmiepaTypa
pobodoro Tina mpyu BUKOPHCTaHHI CHCTEMM YIPABJIHHS PO3NOJUILHOIO MOAavelo raszy; P2, T2 - THCK 1 Temmeparypa
po0oYOoTO TiNIa TP BUKOPUCTAHHI KIIACUYHOT CUCTEMH YKUBJICHHS.
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Taoauus 1. [Tokazauku pobdoyoro mporecy apuryHa 6’ UH 13/14 npu BUKOpPUCTaHHI IITATHOT CUCTEMH KUBJICHHS

[5] i cucremu ynpaBmiHHS pO3NOITFHOIO OJAYEIO Ta3y.

Cucrema KUBJICHHS
TToxa3znux Mltatha Po3smonineaa momgaya
razy
IHIuKaTOpPHA MOTYXKHICTH, KBT 60,06 70,47
IumukaTopuuii Trck, MIla 0,7 0,72
KoedirieHT Ha[UIAIIKY TOBITPS 1,255 1,31
MaxkcumanbHu THCK nukiay, MIla 4,04 4,49
MaxkcumanbHa Temreparypa mukiny, K 2296,92 2415,35
ITuToMa iHIUKATOPHA BUTpaTa nayinBa, /(KB rox.) 200,54 187
BucHoBKkH 7. Bpybnesckuii A. H., Mamnotino B. M.,
I3ro6enko A. A., Jlununckun M. C. Br16op u
1. TIlpm ampoOamii cucTteMH ymOpaBImiHHI 3  O00OCHOBaHHE  crocoba  cTabwiau3ald  mpoliecca

PO3MOAUTHFHOI TMOJAYCI0 a3y OCTaHHs IMOKa3aia CBOIO
Mpane3aTHICTh B CKIIai razoBoro aeuryHa 6I'YH 13/14 i
aJleKBaTHE BUKOHAaHHS TOKIaAeHNX Ha Hel QpyHkuii. [Ipn
OMY  3aCTOCYBaHHS CHUCTEMH  yIPaBIiHHS 3
PO3MOAUTHPHOK [MOJAYCI0 Tra3y CHPHSE IMiBUIICHHIO
MOKa3HUKIB pobovoro mponecy (tabmuus 1) npu
3a0e3neueHHi KOHIEIIii «01THOTO TOPIHHS».

2. Hopmampmi pobotm OymyTte TOB's3aHi 3
BU3HAYCHHSAM ONTHMAIFHUX IapaMeTpiB YIPaBIiHHA
poOOTOI0  €IeKTPOMATHITHOTO  J103aTopy Ta3y B
3aJICKHOCTI BiJl 3MIHHM MIBHIKICHUX 1 HaBaHTaXXyBaJIbHUX
PEeXMMIB pOOOTH JBHUTYHA.
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HNCCIJIEJOBAHUE XAPAKTEPUCTUK
ABTOTPAHCIIOPTHOI'O IBUI'ATEJIA 6I'YH 13/14
C HAJUTYBOM U PACIIPEJIEJIEHHOM ITOJTAYEN
T'A3A
B. M. Manotino

AHHOTauus. B pabore mnpuBeAcHBI pPE3yabTaThI
JKCIIEPUMEHTAIbHBIX HCCIEAOBAHUN aBTOTPAHCIIOPTHOTO
nmeurarenss 6I'YH  13/14  (6-MUMIMHIPOBUE, Ta30BBIH,
YETBIPEXTAKTHBIM, C HaAJyBOM JIBUTATENb, JAUAMETPOM
mwmHapa 130 MM w xomom mopriHa 140 MM),
OCHAIIICHHBIN ra30TYPOUHHBIM HAJTYBOM M JICKTPOHHOM
pacnpeneneHHoll mojaueil rasa. Llenb uccnemoBanHusi —
MPOBEpKa aJCKBATHOCTH 3asABICHHBIX XaPaKTEPHUCTHK
CHCTEMbl YTMPABJICHUS C paCIpeACIUTEeIbHON Toauei
ra3a HEIOCPEACTBEHHO Ha OOBEKTE YIPABICHHS; OICHKA
BIVSIHASL TIApaMEeTpPOB pabOTHI, CHCTEMBI YIPAaBICHUS C
pacrpeieIuTeNIbHOM TMoJjauel Ta3a Ha WHIUKATOPHBIC

IOKa3aTean JIBUTATEJIS. ArnpoGarust CHCTEMBI
yOpaBJICHUs C  PACHpelCNiCHHOH  mojadedl  rasa
BBIIOJIHAJAACh ~ HA  HUCIBITATEJIbHOM  CTEHIE  JUIA

uccienoBanus paboyero mpolecca ra3oBOro JBHraTels
6I'YH 13/14, KoTOpBI OCHAIIEH HMCKPOBOW CHUCTEMOM
32)KUTaHWsI BBICOKOM JHEPTMU M Tra30TypOMHHBIM
HagayBoM.  CreHn ~— o0OpymoBaH  M3MEPHUTEITHHBIM
KOMITIEKCOM. D()(PEKTHBHOCTh CHCTEMBI YNPABICHUS C
pacripeieIuTeNIbHOM To/1auel ra3a 10 OTHOILIEHUIO K
KJIACCHYECKOM CHCTEMBI ITHTAHWS OILEHHUBANACH ITyTeM
CpaBHEHHUS WHIUKATOPHBIX TIOKa3aTeneld  pabouero
mporiecca.

[Ipu pabote aBuraTens ¢ pacupeieIieHHOW mojaden
raza ObUI OTMEYEH NPUPOCT MHIMKATOPHOW MOIIHOCTH Ha
17%, cpenHero MHAMKATOPHOTrO AaBiieHust Ha 2,9% wu
CHIDKEHHE HMHIUKAaTOPHOM pacxonza TtomiuBa Ha 6,75%
[P YacTOTE BpalleHHs KOJleHYaToro Baja n = 1054 mun?
u kod¢dunreHTe u3obITKa Bo3ayxa o = 1,8. AmpoOarus
CHCTEMbl YIMPABJICHUS C pacCIpeAeIUTeIbHON Toayuei
rasa IOKas3ajla CBOIO pabOTOCTIOCOOHOCTh B COCTaBe
razoporo gsurarexs OIYH 13/14 wu agexBatHOE
BEITIOJTHEHNE BO3JIOKCHHBIX Ha cucTeMy QyHKuuil. [Ipu
3TOM IpUMEHEHHE CHCTEMBI yIpaBICHUSL c
pacrlpenenuTeNIbHOH — ToJaded  raza  CIOCOOCTBYeT
NOBBILICHUIO TIOKas3areseil pabouero mpoiecca Ipu
oOecrieueHNN KOHIEMIMN «O€HOTO CrOpaHusy.

KiroueBbie cJIOBa: aBTOTPAHCIIOPTHBIN JIBUTATEINb,
9KCIEPUMEHTANIBHBIE HCCIICOBAHUS, HAJIYB,
pacripeaeseHHas ojaya rasa

RESEARCH PERFORMANCE ENGINE CAR MOTOR
6HCHN 13/14 SUPERCHARGED AND DISTRIBUTED
GAS SUPPLY
Manoylo V. M.

Abstract. The results of experimental studies of the
motor vehicle 6HCHN 13/14 (6 cylinder, gas, four-stroke,
supercharged engine, with a cylinder diameter of 130 mm
and a piston stroke of 140 mm) are presented with the
supercharging and electronic distributed gas supply. The
purpose of the study is to verify the adequacy of the
declared characteristics of the control system with the
distribution of gas directly to the control facility;
estimation of the influence of the parameters of the
operation of the control system with the distribution gas
supply on the indicator indicators of the engine. Approval

of the control system with distributed gas supply was
carried out at the test bench to study the workflow of the
6GCHN 13/14 inflatable gas engine, which is equipped
with a spark ignition system of high energy and gas
turbine supercharging. The stand is equipped with a
measuring complex. The efficiency of the distribution
system for the distribution of gas in relation to the
classical power system was evaluated by comparing the
indicator indicators of the work process. In the operation
of the engine with the distribution of gas, the increase in
the indicator power was 17%, the average indicator
pressure was 2.9%, and the indicator fuel consumption
decreased by 6.75% at the crankshaft speed of
n = 1054 min! and the excess air ratio a = 1.8.
Approbation of the control system with distribution gas
supply has shown its ability to work in the gas engine
6HCHN 13/14 and adequate implementation of the
functions assigned to the system. At the same time, the
application of a distributed gas distribution system
contributes to increasing the performance of the working
process while ensuring the concept of "poor combustion".

Key words: motor vehicle, experimental research,
inflatable, gas distribution gas distribution.
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AHoTtanis. Ha cygacHOMy ertami  pO3BHTKY
TBapUHHUIITBA, SK B CBITOBIM NMpPAaKTHIli, TaK i B YKpaiHi
Bce OLIBIIOro PO3MOBCIOKEHHS HA0YBarOTh KOMOIHOBaHI
KOPMOTIPUTOTYBaJIbHI ~ arperatd sl  [PUTOTYBaHHS
KOpMIB,  SIKI  TOEIHYIOTh  BHKOHAaHHS  olepauii
MOJpiOHCHHST 1 3MIIIyBaHHS, a TaKOoX 3a0e3MeuyroTh
JIOCTaBKY 1 J1030BaHe pO3JaBaHHs  KOpMiB.  IX
MO3UTUBHUMH O3HAKAMH € MOOLIBHICTh, MPOCTOTA
KOHCTpPYKLIi Ta eKOHOMIYHICTh. Bce 1ie BUKINKae 3HAUHY
3aliKaBICHICT B IUX MaIIMHAX Vy CHCHiajicTiB
TOCIIOAAPCTB 3 PO3BUHYTHM TBapUHHHLTBOM pi3HOT
(hopMU BIACHOCTI.

3a KOpPJOHOM Taki MamuHH MamTh HazBy TMR
mixer, mo B NepeKiIaai 3 aHIJHChKOI O3HaYae —
MMOBHOPAIIOHHI ~ 3MilryBadi. TeXHOJOTIS  MiArOTOBKH
KOPMIB JI0 3rO/IOBYBaHHSI B TaKUX arperarax nepejadadae

MiHIMAJIBHHE  OOpPOOITOK  BHXIAHMX  KOMIIOHCHTIB
(momoxmpiOHeHHs Ta  3MiNIyBaHHA), SAKHA  30aTEH
3a0e3neyyBaTd  3a/[0BiNbHY  AKICTh  NPUTOTYBaHHA
KOPMOBUX CYMIIIIOK.

[opiBHAHHS  penenty  KOPMOBOI'O  pallioHY
€BpOMEicbKNX KpaiH Ta YKpaiHM BKa3zye Ha Te, IO B
Hamiif KpaiHi BenMKiH  porarii  xyno6i  Ouiblie

3TrOJIOBYIOTH JIOBT'OBOJIOKHHACTHX KOPMIB, SIKi 3a3/1aJeriib
He mojpiOHI0ITh. Taka KOpMOBa CyMilll 4acTO YTBOPIOE
3aCTiliHi 30HU Y OYHKepi.

B VYkpaini, Ha ChOroJHi, OCHOBHHMH TpoOIeMaMu
dbepm nme yrpumytorh BPX € He 3HauHe 3a0e3nedeHHS
BHPOOHWYMX TPOIECIB TPUTOTYBAHHS Ta pPO3JIaBaHHS
KOPMiB TEXHIYHUMH 3aC00aMHU.

ToMy mocTae MUTaHHS PO3POOKH HOBHX TEXHIYHHX

pimenb, ki 3a0e3neyarh  KOHKYpPEHTO3JATHICTh
TBAapUHHUIIBKOT Nponykuii, orpumanoi Ha depmax
BEJINKOI poraToi Xxyzoowu.

Kurouosi cjoBa: TBapUHHHIIbKA depma,

MIPUTOTYBAaHHS KOPMIB, arperar, IHeK, KOpMOBa CyMIIll.

ITocTanoBka npodjaeMn

Huni GaratodyHKumioHanbHI po3aaBadi-3MilryBayi
BUKOPHCTOBYIOTBCSL Ul TPUTOTYBaHHS 1 pO3/JaBaHHs
kopMmiB Ha ¢epmax BPX 3 pO3BHHEHHMM MOJIOYHHM Ta
M’SICHUM HAaIIpsIMOM TOCIOapIOBaHHS.

B TexHONOTIYHHX cXeMaX HPUTOTYBAaHHS KOPMOBOI
cyMminri KoMmOiHOBaHI 0araro(yHKIIOHAIbHI MAITHHH
BUKOHYIOTh omepanii 3a0opy 13 CXOBHII KOPMIiB,
3aBaHTa)XEHHS 1X B NpUHMaIbHUNA OYHKEp, IPUTOTYBaHHS
(monpiOHEHHS Ta 3MILITYBaHHS) 3 HAX KOPMOBOI Cymili,
TPAaHCIIOPTYBaHHS ~ KOPMOCYMIIlli 70  BHPOOHHYMX
NPUMILIEHb, @ TaKOX BWAA4Yy KOPMY B HpHUHMaJIbHUNA
OyHKep CTal[iOHApHOTO po37aBaya ab0 BHUKOHAHHS
Oe3mocepenHpOi po3madi KOpMy B TONIBHHUII YH Ha
KOPMOBHH CTiJI TBApHUHAM.

Y €spomi 1e o0magHAaHHA BHUTOTOBIUIN IMOHAN 60
kommaHid. KoMOiHOBaHI KOPMOIIPUTOTYBaJbHI arperaTu
BHTOTOBJISIOTH, K Y MOOUTFHOMY TakK 1 y CTalliOHAPHOMY
BapiaHTaX, BOHH MAalOTh pi3HI TPHUHIWIIOBI CXEMH,
TUIOPO3MIpH Ta crocobu arperatyBanHs. Koxxna dipma
BUITYCKa€ JEKUJIbKa THUIOPO3MIpPiB KOPMOIIPUTOTYBAJIbHUX
arperaris 3 MicTkicTio 6yHkepa Bizt 3 10 45 M3, Binbuicts
KOPMONIPUTOTYBaJIbHUX ~ arperaTtiB  INpH3HA4YeHi  J0
arperatyBaHHs 3 KOJIICHUIMH TPaKTOpaMH, aje € BapiaHTH
CaMOXiIHOTO BUKOHAHHS.

AHaJi3 nonepeaHix 10caiIKeHb

CBiTOBHIA JOCBIi TOKAa3ye, M0 TPAAWUIIHHINA amapaT
MOPIHOT il IS MepeMilllyBaHHS — II¢ MOCYJAUHA,
MepEeBaXHO LMJIHPUYHOT ¢bopmm, oOnajiHaHa
NepeMillyBaJIbHUM TIPUCTPOEM, IO BKIIOYAE CKJIAJ0Bi
JUIsl yPYXOMJICHHS], Bajl 1 3aKpiIUieHy Ha Bajly BCEpeIuHi
nocyauad Mimanky [1]. (Yacto Miliajakow Ha3HBarOTh
BeCchb amapar Juisi nepeminryBanHs.) OOepTarouuch,
MillTaJIka Tepefae 3MIITyBaHii Maci KUTBKICTh PyXy Bix
YPYXOMHHMKa 1 3Mmymye 1ii mnepemimyBaruch. [lpn
BUKOPHCTAaHHI JIONMATEBUX MIMIaJOK NepeqHs YacTHHA
JomaTe THCHE Ha CHPOBHHY 1 BOHa iX oOTikae, 3a
JONaTsIMH BHHUKA€ DPO3PIIPKCHHS, SKE€ CHPUYHHIOE
IiZICMOKTYBaHHS PIiJKUX KOMIOHEHTIB 3 OTOYYIOUOTO
o0'emy. Bracmimok o0TikaHHS 1 MiACMOKTYBaHHS Oing
JIoTIaTe CTBOPIOIOTHCS TYpOYJIEHTHI 3aBHXpPEHHS, fAKi i3
30UTBIICHHAM PO3MIpIB MIITAJIKM 1 9acTOTH OOepTaHHA
MOIINPIOIOTECS. HA Bech 00'eM pianHH, 3abe3meuyroun il
nepemimryBaHHA. Taki >k aii BimOyBatoTecs mpu poOoTi
KOHIYHOTO  IIHEKOBOTO  poOodoro oprany. Komnm
ToTepeIHb0 BUOMPAIOTh THIT 3MIIIYyBAIBHOTO MPHUCTPOIO,
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TO CepeloBUINA 3 KOe(illieHTOM JWHAMIYHOI B'S3KOCTI
mene Hix 1 [Tasc B amaparax 06'emom 10 10 M° yMoBHO
BBXAIOTh Mayo B'i3kuMH. [lif 9ac ixX mepeminryBaHHS
MIPAKTUYHO 3aBXKIU PEAli3yeTbCA TYypOYIEHTHHH PEXIM
pyXy 3 [JiISHKAMH ~ [epeBaXarouoro  Makpo- i
MiKpoliepeMinryBaHHs. B cepemoBumiax 3  Oimbmmmm
koedilieHTOM JAMHAMIYHOI B'SI3KOCTI Ta B amapartax
OinmpmIoro 00'eMy 3pOCTa€ BIPOTiAHICTH ICHYBaHHSI 30H
JaMiHapHOTO pyXy, J€ TIepeMilllyBaHHS NPaKTU4HO
Hemae. Y TakoMy pasi, CIIiJl 3aCTOCOBYBAaTH amapaTH THX
TUMIB, $IKI PEKOMEHIYIOTHCS JIIsl BHUCOKOB'S3KUX 1
HEHBIOTOHIBCHKHUX piguH [1, 2, 6, 7].

Kpamoro mnepemiinyBaHHS MOXXHa JOCSTTH, SKIIO
BCTAHOBHTH KiJIbKa IEpEeMIlIyBAIbHAX OpPraHiB K MO
BHCOTI, TaK 1 110 TOPH30HTAILHOMY Tepepi3y amapara [1,
6, 71.

Meta gocjaigKeHL

Merta gochmifkeHb — BH3HAUUTH  MapaMeTpu
ITHEKOBOTO POO0YOro OpraHy KOpPMOAIpUTOTYBaJIbHOTO
arperaty Ui 3a0e3MeUeHHsS CaMOOYHIIICHHS, 3aJIe)KHO Bij
fioro yactoty oOepTaHHs Ta TUIIOPO3MIPY arperary.

Pe3yabTaTh gocaigxkeHHs

B mpomneci npuroryBaHHs KOpMoBOiI cymimn Oyio
BHSBIICHO, o OaraTodyHKIIOHATBHI
KOPMOTIPUTOTYBaJIbHI ~ arperatd 3  BEPTUKAIBHO
pO3MIIIEHNM KOHIYHUM IITHEKOM Yy OyHKepi, MaloTh
BEITMKY CIIOKHBaHy MOTYKHiCTh, (6inbire 35 kBr) [4, 9].
Crio’)xiBaHa TIOTYXXHICTh, Ha MpPHBIA pPoOOYMX OpraHiB,
MPaKTUYHO TPSAMONPONOPITiHHA YacTOTi  OOepTaHHS
mHeka. Ilpum 30inpmieHi 4YacTOTH OOEpTaHHS MIHEKa
e(eKTUBHICTh TOAPIOHEHHS Ta 3MIIIyBaHHS CYTTEBO HE
3pOCTa€, HAMU OOIPYHTOBAHO YacTOTy OOEpTaHHS IIHEKa
16-20 xB™Y, Ipu noPiGHEHHI PYIOHIB Ta MaKiB i B pesxuMi
3MiITyBaHHS Ta po3naBaHHs 24-25 x8L. Onnak, B npoueci
po3IaBaHHA KOPMOBOI CyMimli, HasBHHHM IITHEK He
CaMOOYHMINIAETHCS BijJ KOpMiB (puc. 1).

Puc. 1. I1Inex micnst BUAa4yi KOPMOBOT cyMili.

CaMOOUYHIIIeHHST BUTKIB ITHEKA IIPH HU3BKIH YacTOTI
ix oOepTaHHS MoXxe OyTH 3a0e3ledeHe y BHIAJKY, SKIIO
TBIpHA BHTKA pO3TAIIOBAHA HE INEPIEHIUKYJSIPHO, a
MOXWJI0O OO0 oci mHeka. J{insd mporo Oynm TpoBeneHi

AQHANIITHYHI JOCTDKCHHS U BU3HAYCHHS MOTPiOHOTO
KyTa HaxWjly BUTKA, B 3aJIE)KHOCTI BiJl 4aCTOTH 0OEpTaHHS
IrHeKa. 3a TinoTe3y Oyio MPHHHATO, IO HAXWIJI TBipHOL
BUTKA  IIHEKA,  I0J0  TOPH30HTAlll,  JO03BOJHTH
iHTeHCH(iKyBaTH TPOLEC CXOMKEHHS KOPMOBOI Macu 3
BHTKIB IIIHEKA.

Puc. 2. [lo Bu3HauCHHA apaMeTpPiB IIHEKa.

OOTpyHTYBaHHS CKJIamHOI (POPMH IHEKA BHUMArae
MPHUHIIUIIOBO HOBUX TIIXOMIB JO BH3HAYCHHS HOTO
mapameTpiB. JliaMeTp IIHEKa BH3HAYA€THCS, BUXOJSIYHN i3
YMOBHU €(EKTUBHOCTI MPOILECY NMPUTOTYBAHHSI KOPMOBOI
cyMmimni Ta 3a0e3MEeYCHHsS 300TEXHIYHHUX BHMOT, SKi
CTaBIIATHCS IO KOPMOTIPUTOTYBAIBHUX Maruuu [2, 3, 5,
8, 9]. B mepu1y uepry, yHEMOXIMBIEHHS 3aCTiMHUX 30H.
BiamosinHo, miamMeTp HIKHBOI OCHOBH IITHEKA TTOBHHEH
JIOPIBHIOBATH BEJIMYMHI HWXHBOI OCHOBM KOHYycCa, 3a
BUKJTFOYCHHSIM TE€XHOJIOTTYHOTO 3330pY, Dy = 2Rum — 2AL
CTOCOBHO BEpXHBOI OCHOBH — ii IapaMeTpH BU3HAYAIOTh
BUXOASIYU 13 TPOAYKTHUBHOCTI IIHEKa 3 BpaxyBaHHIM
BU3HAUCHHX TTapameTpiB OyHKepa (puc. 2).

Yacroty o0epTaHHS pOTOpa BH3HAYAIN 3 YMOB PYXY
KOPMOBHUX KOMIIOHEHTIB IO #oro nmoBepxHi. Ha kopM mo
BCii TOBEpPXHI MIHEKAa [ifOTh: CHJIa TOKIHHI mg,
BimueHTpoBa cwia iHepmii mRw’, HOpPMalbHA pEaKIis
HHeKa Ny, CHia TepTs 10 TBUHTOBINA HABUBLI f mg, cuia
Kapiomnica 2mwv Ta Tepts Bin Hei 2finwv.

mR 02 > fing +2finwv. 1)

IlepemimenHss KOPMOBHUX KOMIIOHEHTIB B Oik
30BHIITHBO{ TIOBEPXHI IITHEKA MOXIMBE, SKIIO CHIIa
iHepIii OiybIIa 3a CUITy TepTs, 10 BUHUKA€E BHACIHINOK il
CHIIH 3€MHOTO TSDKiHHSL.

OuuIIeHHs BHUTKIB IIHEKAa BiJl KOPMOBOI CyMiIri
JOCSATAETHCS 3 TAKAX YMOB:

Fiy =N+ F,sin B sin o - Fsy cos p cos o +
+F.sin f sin o - Fyy sin f sin a =0;
Foo=Fycos fcoso+ Fysinfsino-Fy,+
+Fy cos B cos a - Fy cos f cos o> 0; (2)
[IPY HAXKITY TBIpHOI 1HeKa (puc. 3).
tg ﬁ = fg—za)zR—Zwv+21;a)v ,
ﬁ(fw R+2fwv—-2f*wv+g)

©)

2nR(fg—w?R—2wv+2fwv)
S(fw?R+2fwv—2f2wv+g)’

B = arctg 4)
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Puc. 3. Jlo BU3HaYeHHS KyTa HAXUIy TBIpPHOT IIIHEKa.

50 Brpanycn
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\
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-20 \ 2506/XB
-30
- w3 ()_00/XB
40 \ \
50 \ \\
-60 o~ =35 06/xB
20—~
\ e 4() 06/XB
-80 R M
0,3 0,5 0,7

Puc. 4. 3anexxHicTh HEOOX1THOTO KyTa B po3TalIyBaHHS BUTKA IITHEKa JI0 TOPU3OHTY BiJI BiICTaHI 10 OCI IIHEKa pH
PI3HMX YacTOTax HOro 0OepTaHHs, 38 yMOBH 3a0€3MEYEHHS CaMOOYHIIICHHSL.

Ha puc. 4 moka3aHo, [0 CaMOOYHIIICHHS BUTKIB, TIPH
MEPIICHANKYIIAPHIM ~ PO3MIIICHHI 11X 1O OCi [IHEeKa,
3a0e3mevyeThCs TUIBKH TPH 9acTOTi 0OepTaHHS HE MEHIIIe
25 xp. KyT Haxuily TBipHOi BUTKIB IHEKa 0 FOPU30HTY,
npu yacToTi obepranns 20 xBl, Mae nepeOyBaTu B MeKax
29 rpaxmyciB mpm Bixctani g0 oci obepramHs 0,3 M 3a
TOPU30HTAIBLHOTO MOJIOKEHHS BigHOCHO mauma MKKITA
npu Bigcrani 1o oci obepranus 0,48 m. Ilpum wacrorti
obGepranHs ImHeKa 25 XB™' — BiOyBacThCA CaMOOUYMIIIEHHS
YCiX BUTKIB IITHEKa.

AHani3 J0CHiPKeHb MPOIECIB MPUTOTYBAaHHS Ta
pO3/1aBaHHS KOPMOBOI CyMiIli TOKa3aB, IO IIPH YacTOTi
obepranns 16-20 xB? kpaiie HpoBOAMTU MOAPiIOHEHHS
rpyOMX KOpMIB B PYJIOHAX Ta MakKax, a TAKOX 3/1iHCHIOBaTH

3MIITyBaHHS 3 IHIIMMH KOMIIOHEHTaMH. Y IIbOMY BHIIQJKY
€ MOXJIUBICTh IIOBHOT'O DPYHHYBaHHS BEIMKUX YaCTHH
pyJoHy abo maka.

BucHoBok
Buxopucranus IS 3MiITyBaHHS KOPMOBHX
KOMITOHEHTIB [IHEKOBOTO pobouoro oprany 3

BCTAHOBJIGHHSIM TBIPHOI BHTKAa IEPIEHIUKYISIPHO JIO
BEPTHKaJbHOI OCI IIHEKa, 3a YMOBH CaMOOYMILECHHS,
MOJIMBE TIPH 30UNBIIEHI YacTOTH OOepTaHHS IITHEKa
inbme 25 xp™.
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OTIPEJIEJIEHME YCJIOBUM JIJII CAMOOUYUCTKU
ITHEKOBOI'O PABOYEI'O OPTAHA
KOPMOITPUTOTOBUTEJIBHOI'O ATPETATA
B. C. Xmenesckuii

AnHoTtanmsi. Ha COBpEeMCHHOM JTame pa3BHTHUS
JKUBOTHOBOJICTBA, KaK B MHUPOBOW MPAKTUKE, TaK H B
VYkpanHe Bce Oosblliee paclpoCTpaHEHUE MPUOOPETAIOT
KOMOWHHPOBAHHBIE KOPMOIIPUTOTOBUTEIBHBIC arperaThl
JUII  TPUTOTOBJICHHWS KOPMOB, KOTOPBIE  COYETAIOT
BBITIOJIHEHHS OTIEpaliii M3METIbUCHUS W CMEIIMBAHUSA, a
TaKXKe 00eCTeYnBaOT TOCTABKY M JO3UPOBAHHBIC Pa3Iadn
KOpPMOB. VX MOJOXUTEIBHBIME TIPU3HAKAMH SBIIAIOTCS
MOOMJIBHOCTD, NPOCTOTa KOHCTPYKIUU U YKOHOMHYHOCTB.
Bce 310 BBI3BIBaET OOJBIION MHTEPEC K ITHM MAallUHAM Y
CIELUAINCTOB XO3SHCTB C Pa3sBUTHIM KMBOTHOBOJICTBOM
pa3nuuHoit HopMBbI COOCTBEHHOCTH.

3a pyOexoMm Takue MamuHbl HaspiBaloTcs TMR
mixer, 9TO B TMEPEeBOAC C AaHTIUICKOrO O3HA4YaeT -
MOJTHOPAIIMOHHBIE CMECHTENH. TeXHONOTHSA MOATOTOBKH
KOPMOB K  CKapMJIMBaHMIO B TaKUX arperarax
MpeaycMaTpUBaeT MHHAMANBHYIO 00paOOTKYy HMCXOMTHBIX
KOMIIOHCHTOB (JZOM3MENBUYCHNS W CMCIIMBAHUSA), KOTOPas
crocoOHa o0ecneunBaTh YIOBJIETBOPHUTEIHHOE KadueCTBO
HPUTOTOBJICHUS] KOPMOBBIX CMECEH.

CpaBHeHune peuenTa KOPMOBOTO panmoHa
CBPOINCICKUX CTpaH U YKpawWHbI YKa3bIBAaCT Ha TO, YTO B
Halmied cTpaHe KPYHNHOMY pOratoMy CKOTy OoJjblie
CKapMJIMBAIOT JUTMHHOBOJIOKHUCTBIX KOPMOB, KOTOPKIC
3apaHee HE M3MeNb4aloT. Takas KOpPMOBask CMECh 4acTo
o0pa3zyeT 3acTOiHBIC 30HBI B OYHKEpe.

B Vkpawmne, ceromHs, OCHOBHBIMH TpoOJieMaMu
dep™, tae comepxutcst KPC sBisieTcss He3HAYUTENBHOE
obecrieueHns TIPOU3BOICTBECHHBIX MIPOIIECCOB



BU3HAYEHHSA YMOB U CAMOOYHIINEHHA ITHEKOBOI'O POBOYOI'O OPTAHY ... 153

IIPUTrOTOBJICHUA W pa3gadyd KOPMOB TCXHUYCCKHUMU

CpeACTBaMHU.
[TosTOMY BO3HHKAeT BOMPOC pa3pabOTKU HOBBIX
TEXHHUYECKUX peLICHuiA, KOTOpbIE obecrieuat

KOHKYPEHTOCIIOCOOHOCTB KUBOTHOBOTYECKOH TPOIYKITHH,

MTOJTyICHHOM Ha epMax KPYImHOTO pOraToro CKoTa.
KawueBble caoBa: KHBOTHOBOIYECKas (epmMa,

MIPUTOTOBJICHHE KOPMOB, arperar, IIHEK, KOPMOBasi CMECh.

DETERMINATION OF CONDITIONS

FOR SELF-PREPARATION OF MECHANICAL

WORKING ORGAN OF CORROSION PREPARATION
AGGREGATE
Khmelovskyi V. S.

Abstract. At the present stage of livestock
development, both in world practice and in Ukraine,
combined feed preparation units for feed preparation,
which combine the operations of shredding and mixing,
and also provide delivery and dosage of feed distribution,
are becoming increasingly popular. Their positive features
are mobility, ease of design and cost-effectiveness. All this
is a matter of considerable interest in these machines from
specialists of farms with developed livestock of various
forms of ownership.

Abroad, such machines are called TMR mixer, which
in English means - full-time mixers. The technology of
feed preparation for feeding in such aggregates involves
the minimum production of the initial components (before
crushing and mixing), which is able to provide a
satisfactory quality of the preparation of feed mixtures.
Comparing the recipe of the diet of European countries
and Ukraine indicates that in our country cattle feed more
long-fiber feed that is not pre-crushed. Such a feed mixture
often forms stagnant areas in the bin.

In Ukraine, today, the main problems of farms
keeping cattle are not significant provision of production
processes for the preparation and distribution of feeds by
technical means.

Therefore, the question arises about the development
of new technical solutions that will ensure the
competitiveness of livestock products obtained on the farm
of cattle.

Key words: livestock farm, feed preparation,
aggregate, screw, feed mixture.
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AHoTanis. B 0oCHOBI TexHIYHOTO 0OCITYrOBYBaHHS
3epHO30MpANEHIX KOMOAifHIB 3a TEXHIYHHAM CTaHOM
JEKUTh TEXHIYHUH KOHTPOIb, 3a JOIMOMOTOI0 SIKOTO
MPOBOIATh Oe3mepepBHUI a00 TMepiogWYHMIA KOHTPOJIb
mapaMeTpiB TEXHIYHOTO CTaHy, OI0 XapaKTepU3YIOTh
MOTOYHUI (AaKTUUHUIA CTaH BY3JiB, MEXaHI3MIB 4H
arperaris. [TporHo3yBaHHs BHKOHYIOTh npu
Oe3nepepBHOMY KOHTPOJi JJisi BU3HAYEHHS HApOOITKYy,
MPOTATOM SIKOTO 30epeKeThCs NMpale3JaTHUI CTaH, a Mpu
NepioIMIHOMY KOHTPOJII — JUIsl BU3HAUEHHSI MOMEHTY 4acy
HACTYITHOTO KOHTPOJTIO.

[Ipomec TEXHIYHOTO KOHTPOJIO HECNPABHOCTEH
CKJIaJIa€ThCsA 3 BHUSABJICHHA Ta JIOKami3amii Je(eKkTiB y
cucteMi  3epHO30MpanpHHX  KomOaiHiB. OpmHuUM 3
MPUKIAAIB € CHUCTeMa TEXHIYHOIO OOCITyrOBYBaHHS
3epHO30MpaNbHUX KOMOAaifHiB, 1€ TOTpiOHa BHCOKA
HAIIWHICTh 1 Mpalne3iaTHICTh, HU3bKUI piBEHb BUKHUJIB,
KpIM TOTO, TEXHIYHHHA KOHTPOJIb CHPHUSE ITiIBUIICHHIO
edexruBrOCTI TO 3€pHO30MpPATHEHIX KOMOAHIB.

KurouoBi cjoBa: aHami3, cucTeMa, CTpaTerid,
TeXHIYHEe 00CITyTOBYBaHH:, 36pHO30MPATEHII KOMOAH.

ITocTanoBka npodaeMn

B OCHOBI TEXHIYHOTO 00CITyroByBaHHS
3epHO30MpANILHUX KOMOAWHIB 3a TEXHIYHHM CTaHOM
JOKUTh TEXHIYHUH KOHTPOJb, 3a JIONOMOTOIO SIKOTO
MIPOBOIATH Oe3mepepBHUIT a00 TMepiogWYHHI KOHTPOJb
napaMeTpiB TEXHIYHOrO CTaHy, W0 XapaKTepH3YIOTh
MOTOYHUHM (aKTUIHUA CTaH BY3JTiB, MEXaHI3MIB YH
arperaris [1].

[IporHo3yBaHHsS BHKOHYIOTh IpU OE3MEpEPBHOMY
KOHTPOJII JUIsl BU3HAYCHHS HApOOITKYy, MPOTATOM SKOTO
30epeKeThCs Mpale3laTHUi CTaH, a NpU MepioJUIHOMY
KOHTpOJI — /I BU3HAYEHHS MOMEHTY 4acCy HACTYITHOTO
TEXHIYHOTO KOHTPOJIHO [2].

AHAaJIi3 0CTaHHIX J0CTiTKeHb

[Ipoilec TEXHIYHOTO KOHTPOIIO HECIPABHOCTEH
CKIIaJIa€ThCs 3 BHUSBJICHHSA Ta JIOKami3amili aeeKkTiB y
cucteMi 3epHo30mpanpHuX KoMmOaitHiB [3]. Ilo wipi
YCKJIIAJHCHHS TEXHIYHUX CHCTEM 3CpHO30MpaTbHHUX

KOMOAIHIB 1 3pOCTaHHSI BUMOT JI0 Oe3MeKH, HaAiHOCTI Ta
€KOJIOTIYHOCTI, TEXHIYHUI KOHTPOJIb HECTIPABHOCTEH CTa€
BCce Oumpll 3Hauymow npoueayporwo [4]. Oanum 3
TMPUKJIANIB € CHUCTeMa TEXHIYHOTO O0OCIyroBYBaHHS
3epHO30MpaIbHIX KoMOaiHiB [5], me moTpiOHa BHCOKa
HaMiiHICTh [6] 1 mpane3naTHICTh [7], HU3BKHUU piBEHBb
BUKHJIB [8], KpiM TOro, TEXHIYHUI KOHTPOJIb CHPHUSE
IiIBUIIEHHIO e(DEKTUBHOCTI TEXHIYHOTO 0OCIYTrOBYBaHHS
3epHO30upabHUX KoMmbaiiHiB [9].

[Tpouec mepexony BijJ IUIAHOBO-NONEPEKYBAIBHOT
cuctemu o amantuBHoi [10] BigOyBaerbcst Ha T
3aralbHOi  TEHACHNII [0  YKPYHMHEHHS  paHime
PO3IpOOICHUX arpapHuX mignpueMctB. Jlanuii mporiec
[11], cmumpaetbcss Ha  TPUHIMIM  KOHIEHTpAILI,
cremiamizamii 1 Koomeparii BHPOOHHIITBA, IO €
e(EeKTUBHUM CTHMYJISITOPOM POCTY IIPOMHCIOBOCTI Oyab-
SKOT pO3BUHEHOT CYCIUTFHO-TIOITHIHOT CHCTEMH.

Meta gocaixkeHb

Mera JoCHi)KeHb — Yy3arajJbHUTH IIOJIOXKCHHS
cTpykTypHOi  cxemu APM  omepaTopa-miarHocTa
3epHO30MpaNbHOTO KOMOaiiHa B Ipolecax TEXHIYHOTO
o0cITyroByBaHHS caMUX KOMOAIHiB.

Pe3yabTaTh nocaigxkeHb

TexHomorist JiarHOCTYBaHHS TEXHIYHOTO CTaHy
BUPOOY CKIIAIa€THCS 3 BUABJICHHS Ta JIOKami3allii neexTiB
1 IX moenHaHb. B Mipy yckiagHeHHS TEXHIYHHX CHCTEM i
3pOCTaHHS BHUMOT 70 Oe3mekn 1  HaIIHHOCTI,
JiarHOCTYBaHHS  HECHpPaBHOCTEHl cTae Bce  OULIBII
BiJIMIOBiJAJIEHOIO MTPOIETYPOIO.

Bei  moxmBi  koMOiHamii I[IOMHJIOK Ha  erami
MIePEIPEMOHTHOTO  JIIarHOCTYBaHHA 1 IIpU  poO3moniIi
arperariB 3a TEXHOJIOTIYHUMH MapIIpyTaMH pPEMOHTY
(KoMITIEKcaM peMOHTHHX po0iT) HaBe/IeH] B Ta0mumi 1.

SBume momMwiok I-ro  poay xapakTepu3yeTbes
BUKOHAHHSAM 3alBHX PEMOHTHHX poOiT, IO BeAe 0
30LIBIIEHHS COOIBAPTOCTI PEMOHTY JIBUTYHA, a TIOMIUIOK
Il-ro pony — HeZOBHKOHAHHSM MOTPIOHMUX PEMOHTHHX
poOiT, MmO MOXKe MO3HAYMTHCS Ha HAMIMHOCTI arperary
TICIISE PEMOHTHUX BIUIHBIB.


mailto:rogovskii@ukr.net

156 J. 0. Kaniniuenko, 1. JI. Poroscekuii

IMomunku I-ro i II-ro poxy, K B CyKyIHOCTI, TaK i
OKpeMO  HaWyacTille MPU3BOJATH 1O  HEBIPHOTO
MPU3HAYCHHS TEXHOJIOTIYHOI'O MapIIPYTy PEMOHTY, IO
XapaKTepU3y€eThCs 3aiiBUMHU PO30HPaIbHO-CKIIAAaIbHUMU
pobOoTamMu, a TakoXX BTpPAaTH TPH TEpEHANpaBICHHI Ha
IHIINI KOMIUIEKC PEMOHTHHUX POOIT.

Tadamua 1. MoxmBi KoMmOiHalii BHHUKHEHHS
nomwiok I-ro i Il-ro poxmy, a TakoX NOMWIKA
MapHIpyTH3auii.

IHomunxoBuit IIpomyck oMK
Ne nedekr nedekry
NpU3HAYCHHS
(1-ro poxy) | (2-ro poay)
1 - - -
2 + - -
3 - + -
4 + + -
5 + - +
6 - + +
7 - - +
3 + + +

Po3pobnena crpykrypHa cxema APM omepatopa-
JiarHocTa B YKPYIMHEHOMY BUTJSII CKIIQJAETHCS 3 TPHOX
YaCTHH:

e {HCTpYMEHTaJbHO-METPOJIOTIYHE 1  TEXHiYHEe
3abesneuenns (IMiT3);

e nporpaMHe 3a0e3NeUeHHS;

¢ iHdopMaIiiftHO-MeTOANYHE 3a0e3ECUCHHS.

Bazoto manoro APM e po3poOineHe opuriHambHE
nporpamue 3a6e3nedeHns (I113) (cBimonTBO MpO AEpKaBHY
peectpauito mporpamu st EOM Ne 2014614299), sxe
IPYHTYETBCS Ha pe3ynbrarax JcepTaliiHoOro
JIOCJIJKCHHS, IO JIO3BOJIIE OINEPaTOPy-AiarHOCTy Ha
eTari NepeIpeMOHTHOIO JIarHOCTYyBaHHs arperariB, LI0
HaJXOJSTh 3 BUCOKUM CTYIIEHEM JIOCTOBIPHOCTI BiZIHECTH
KOHKDETHHH arperat 110 KOHKPETHOTO KOMIUIEKCY
PEeMOHTHHX poOIT 3 YHcia 3a37alerigs cpopMOBaHUX Ha
JAHOMY TIITPHEMCTBI.

Po3poOka OpHTiHAJIBHOTO MIPOrPaMHOTO
3abe3neuenns  ([13) 3giiicHOBanacs BIANOBIIHO  J0
anroput™iB [7, 11] mig 3aBAaHHs JAHOTO AOCIIKEHHS Ha
MoBi  mporpamyBaHHs Delphi B oxHoiiMeHHOMY
cepezoBuIii po3podku Bepcii 7.0.

Hane II3 (puc. 1) € mporpamHoOi CKJIam0BOi
AaBTOMATH30BaHOTO POo0OOYOro Micusi, Ipu pPoOOTI 3 SKUM
OIepaToOp-IiarHOCT CTAa€ KBAJTI(IKOBAHUM KOPUCTYBAYEM.
Jst kopekTHOi pobotu manoro 113 B Tabnuii 2 HaBeneHi
MiHIMaJIbHI CHCTEMHI BUMOTH.

Puc. 1. T'onosue BikHO po3pobienoro I10, mo € ssmpom APM oneparopa-aiaraocra.

Tabanus 2. MiHiMaJIbHI CHCTEMHI BUMOTH JIJIsl pOOOTH IPOrPaMH.

Hassa Bumoru

MiniMaibHe 3HaYEHHS

Onmnepariiina cucrema

MicrosoftWindows XP 3 makerom
oHosyieHHs 2 (SP2) abo Guibl mi3Hs Bepcist

Kowmm’rorep, mpouecop,
o3y

1K 3 mponiecopom 1 I'T'1y abo Oibi,
512 M6 O3V abo 6inbin

KopcTkuii quck

10 M6 a6o Oliblie BUIBHOTO MiCIis

Po3pinbHa 31aTHICTE eKpaHy

Minimym 800x600 mixceniB; peKOMEHI0BAaHO
1024x768 abo Oinblie
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B 30impmeHoMy BWIIISAI TporpaMa BHUKOHAaHA Y
BUTJISIAL TPHOX B3a€MOIIOB SI3aHUX MOJTYJIiB:

«Monyns poboti 3 0Oa3zamMu HaHUX» — MOIYJb
nepernsaay 0a3 JaHux, sSKi GOPMYIOTHCS JJIS BUPIIICHHS
MOCTABJICHUX 3aBJIaHb.

baza nanux DB, 3rizHo puc. 2, MICTUTh napamMeTpu
arperatiB, SKi BHKOPHUCTOBYIOTbCS B SKOCTI BXIJTHHUX
BEKTOPIiB NP BHUKOPUCTAHHI MaTeMaTHYHOI'O arapary
IIHM pgnst posmizHaBaHHS Je(eKTiB pI3HUX BY3IIB
arperaris.

CozgaHwe HoBOTD N poeHTa

HWma npoexTa:

L MAKHApO-NopWHEESA FpYnna

BrifiepuTe NoAA 3HaYEHHA: Boifiepure THN nona:

=1

v ® | [0nE G BROOHEIM SHIYEHHEM
=3 Mane ¢ BeIXOgHEIM SHAYEHMERNM
x4 He wcnonssoeats

5

H#E

w7 Macwrabuposanuwe nons:
B

g & [-MIN]A MMM

D1 141 +exp(-ax]]

D2 AETOMATHHECKER

D3

04 Bes Hopranusaumu

lNapamMeTpbl MacWTatupoBaHUA:

Méx g

MIN g

a |0

Hazag, Danes

Puc. 2. BikHO CTBOpEHHSI HOBOTO IIPOEKTY.

Puc. 3. Bixno napamerpiB HaByanus HIHM.

Bbaza mammx DB2, ¢opmyeTrbcs 3a pesyrnbTataMu
poboTH anropuTMy, OJIOK-CXeMa SKOTO NpEACTaBICHa Ha
puc. 2, y BUTIAAI IPSIMOKYTHOI MaTPHIIi 3 PO3MIipHICTIO

m xn,
J€ m — YHCIO PSIOKIB, sKa TOPIBHIOE KUTBKOCTI
KOHTPOJIbOBAHMX arperaTiB; N — YHUCIO CTOBIIIIB, PiBHE
CyMapHiil KUIBKOCTI pO3Mi3HAIOThCS JedeKkTiB Mo BCixX
By3JlaX PO3IJISIHYTOT'O arperary.

baza nanux DB3 € pe3ynbTaToM poOOTH alrOPUTMY 1
MICTUTh B €001 BHXiAHY iH(OpMaLil0 NPO OTpUMaHI
napaMmeTpax i moMuiIku pu HapuanHi [ITHM.

«Moayns HOBOTO TIPOEKTY» — MOXYJb, SKHH
BiINOBiZae 3a mokpokose nmodynosa [ITHM min moTtouHi
3aBIaHHS JOCIIDKEHHS, AIJTUTHCS Ha J[BA MIMOIYJIS:

e pilleHHS 3aBJaHHS PO3II3HABAHHS CIIOTYYEHb
nedekTiB arperaris;

e pilleHHS 3aBJaHHS PO3MOJUTY
TEXHOJIOTIYHUMHU MapIIPyTaMH PEMOHTY.

Ha puc. 2. i 3 npencraBiieHi BikHa MOJIyJsi HOBOTO
TIPOEKTY 31 CTBOPEHHS MOJIENI TYYHOT HEHPOHHOT Mepexi
JUTSI  HaBYAHHS PINICHHIO 3aBJaHHSA PO3Mi3HAaBaHHS
nedexrie LIII' i momamemoro posmoxiny mo KPP
BIIMIOBITHO.

Y mporpami BHKOPHCTOBYIOTHCS HACTYITHI THIH
TOJIIB:

® TI0JIs 3 BXIJIHUM 3HAYCHHSM — JaHi MO OyAyTh
BUKOPHCTOBYBAaTHCSl B SKOCTI BXIJHOTO INApy IITYy4YHOI
HEWpOHHOT Mepexi;

®  TIOJS 3 BUXITHUM 3HAUYEHHSM — JaHi 1Mo OyayTh
BHKOPHCTOBYBATHUCA B SIKOCTI BUXIZHOTO IIapy IITYYHOTO
HEHpPOHHOT Mepexi;

e HEe BUKOPUCTAHI MONA — HaHI HOIA He OyOyTh
BUKOPHCTAaHI IpX HaBuaHHi i TecryBarHi HTHM.

Jlist HOopMadi3anii OB JIOCTYIHI HACTYNHI BHIH
MaciTaOyBaHHS:

o (X-MIN)/(MAX-MIN) — mixiiiHa HOpMami3aliis,
3TiAHO OJIOK-CXEMi anropuTMy Ha puc. 3.

o 1/(1+exp (-ax)) - eKCIIOHEHIliaNnbHa
HOpMaJti3arlis.

arperartiB  3a
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ABTomaTn3oBaHe pobaue micye

1 IHdhopmaLiiHo-MeToaMYHe
|[HCTpYMEHTaNBHO-METPONOTIUHE | sabezneueHtn
TEXHIUHe 380e3neYeHHA
1 MporpamHe 3abeanedeHHn 2
A F
___________ "___________I e —y

Mogyne poSoTH 3 GasaMu gaHux

MoJyne HOBOTO MPOEKTY

|
IMO,ﬂYﬂb BIQHOBNEHOMD NPOSKTY
|

LHM piweH#r 28a84i
EWRENEHHA A2(ekTia |

|
|
|
|
BespzrHR npuknania gna | I
|
|
|
|

FileHHs zaasui BMAENEHHA gaderTie

:

DIlIEHHK 28084

Enoz oTpUMEHHA | NanepegHsal
chpobon naHnx

POENOAINSHKA

|
|
|
|
I EnoxeigHoenenHA pofoual dopun
|
|
|

Brok npoesTyEEkHA | kaguarka LWHM

I
|
|
|
|
|
|
|
|
|
I Bain KFF ans WHM
|
|
I
|
|
|
|
|

EncknepesipeM anTMMEnsHocTineByacesHai
spxitTeeTypr WHM

FiuseHHr za0aui posnopineq«r za KPP

EncraTpHMaKHA I nonepedksal
ofpabkn ganux

EncknposktyeasHs i HaeusHHA WHMK

Enoknepeeipe ontuMenesocTinobyaoeaHai
apxitTeETypr LIHM

Puc. 4. Po3pobiena cTpykTypa opraizauii Ta B3aemMoaii MiX eJeMEeHTaMH aBTOMAaTH30BaHOTO POOOYOT0 MicCIst
orepaTtopa-aiarHocra, jae: 1 — enementr APM IMiTO B3aemozie 3 Mmonyiem pobotu 3 6azamu nanux [10 npu Berymi 1o
peMoHTHH (oHI HOBOI Mojemni arperary; 2 — enemeHT APM IMiTO B3aemogmie 3 MOIysIeM BiTHOBICHHS MPOEKTY TPH
poOOTi 3 MOJENSIMH arperaTiB, BiIOMOCTI TPO SIKUX BXXe € B 0a3ax maxux [10.

ABTOMAaTHYHO — 3aCTOCOBYETHCS TPH HEOOXiTHOCTI
HOpMali3yBaTH TIPYHTYIOUHCh Ha XapaKTepUCTHKaX
BHOIPKH.

be3 Hopmanizanii — MaciiTabyBaHHs TOTOYHOTO TOJIS
B 00JIacTh 3HaY€Hb CUI'MOINANBHOT (QYHKI] akTHBaLil He
BUKOHYBaTHMEThCSI.

Yucno HEHpOHIB B MPUXOBAaHMX IApax 3HAXOAUTHCS
abo aBTOMAaTM4YHO, BIANMOBIAHO 10 OJOK-CXEMaMu
ANTOPUTMIB i pe3ynpTaTaMu 00poOKHU
eKCIICpUMCHTATPHAX JaHUX B Po3Iinmi 3 miel amceprarii,
a00 3a7a€ThCS BPYUHY.

«Mozyyb BIZHOBJICHHS HPOEKTY» — BiJIHOBICHHS
CEaHCy paHHE CTBOPEHOTO IIPOEKTY AJSl NPOAOBXKEHHS
poOoTH 3 HUM.

Ha puc. 4 cxemaTnyHo mpeiCTaBiICHA BHYTPIIIHA
CTPYKTypa Oprasizamii Ta B3aeMOAil MK MOIYJIIMHU

pPO3pO0JICHOTO  MPOTpaMHOro  3abe3neueHHs Ta  iX
B3aeMOJiA 3 IHIIMMU eltemenTamu APM.

BuchHoBok

Po3pobiene opuriHaabHEe aNrOpUTMIYHE MPOTpaMHe
3abe3meueHHss € 0a3or0 I cTBOpeHHS APM, ske
JIO3BOJIMTH  OMEPATOPY-IIarHOCTY  3€pHO30UPATBHOTO
KOMOAalHy 3aCTOCOBYBAaTH OTpPHMaHI pPE3yJNbTaTH TaHHX
JMOCTIKCHb  JUISl  OJHO3HAYHOTO 1  JIOCTOBIPHOTO
BITHECEHHS] KOHKPETHOTO arperaty J0 KOHKPETHOrO
TEXHOJIOTIYHOTO MapIIPYTy BiHOBICHHS MPaIe3IaTHOCTI
B CHCTEMI TEXHIYHOT'O 0OCITyrOBYBaHHS.
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OBILME I[OJIOXKEHWS CTPYKTYPHOM CXEMBI
APM OIIEPATOPA-IMATHOCTA
3EPHOYBOPOUYHOI'O KOMBAWHA
M. 0. Kanunuuenxo, U. JI. Pocosckutl

AHHOTALMA. B OCHOBE TEXHUYECKOTO
oOciy)kMBaHUSI ~ 3€pPHOYOOPOYHBIX  KOMOaiHOB  3a
TEXHUYECKUM COCTOSIHHEM JICKUT TEXHHICCKHIA KOHTPOJIb,
C TIOMOIIBI0 KOTOPOTO TIPOBOJAAT HETPEPHIBHBIN HITH
MEPUOTUYCCKUAN KOHTPOJIb MApaMETPOB TEXHHUECKOTO
COCTOSIHUS, XapaKTePHU3YIONIMX TeKyliee (aKTHUIECKOES
COCTOSIHME  Y3JI0B, MEXaHM3MOB WJIM  arparariB.
IIporHo3upoBaHue  BBINOJHAIOT IPU  HEINPEPHIBHOM
KOHTpOJIe JUIs OMNpeeeHUs] HapabOTKH, B TEYCHHE
KOTOPOT'O COXPAHHUTCSI PabOTOCIOCOOHOE COCTOSHHE, a
NpU  MEPUOAMYECKOM KOHTPOJE — Ui ONpEIelICHUs
MOMEHTa BPEMEHH CIIEIyIOLIET0 KOHTPOJISL.

[poiecc TEXHUYECKOTO KOHTPOJISI HEUCIPABHOCTEH
COCTOUT M3 OOHAPYXEHUsI W JIOKANuU3aluu Ie(eKTOB B
cucreMe 3epHOyOOpodHbIX KombOaitHOB. Ilo Mepe
YCIIO)KHEHHS TEXHMYECKHX CHUCTEM 3€pHOYOOPOYHBIX
KOMOailHOB ® pocT TpeboBaHMH K 0€30MacHOCTH,
HaJACXKHOCTH M 3KOJOIMYHOCTH, TEXHUYECKHUI KOHTPOJIb
HEHCIIPABHOCTEH CTAHOBUTCS Bce 0Oojiee 3HAYMMOM
nporeaypoidl. OfHUM H3 TPUMEPOB SIBISIETCS CHCTEMA
TEXHHYECKOTO 00CIyKUBaHUS 3epHOYOOPOUHBIX
KOMOaiHOB, re TpeOyeTcss BbICOKAas HAJEKHOCTh U
paboToCoCOOHOCTh, HU3KUH YPOBEHb BBIOPOCOB, KpoMe
TOT0, TEXHUIECKUAN KOHTPOJIb CIIOCOOCTBYET MOBHIIICHUIO
3¢ PEKTHBHOCTH TEXHUYECKOT0 00CITy)KUBaHUS
3epHOYOOPOUYHBIX KOMOAHOB.

KioueBble cjioBa: aHanu3, CHCTEMa, CTPATerHs,
TeXHHUYECKOe 00CTyKMBaHUE, 36pHOYOOPOUHBIH KOMOATH.

GENERAL PROVISIONS STRUCTURAL DIAGRAM
OF AWP OPERATOR-DIAGNOSTICIAN COMBINE
HARVESTER
Kalinichenko D. Yu., Rogovskii I. L.

Abstract. The basis of the technical maintenance of
combine harvesters for the technical condition is technical
control, through which conduct continuous or periodic
monitoring of the parameters of the technical condition
characterizing the actual state of units, mechanisms or
agregatu. Forecasting is performed by continuous
monitoring to determine the developments during which
you will remain healthy state and under periodic
monitoring to determine the time of the next control.

The process of technical control of faults consists of
detection and location of defects in the system of combine
harvesters. As the complexity of technical systems of
combine harvesters and the growth requirements of safety,
reliability and sustainability, technical fault monitoring is
becoming increasingly important procedure. One example
is the system of technical maintenance of combine
harvesters, which require high reliability and performance,
low emissions, in addition, the technical control helps to
improve the effectiveness of the technical maintenance of
combine harvesters.

Key words: analysis, system, strategy, technical
maintenance, combine harvester.
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