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HENPOMEPEXXEBU METO/] IPOTHO3YBAHHSI IAPAMETPIB 3EPHOBOI MACH,
1O 3BEPITAETBCA Y BYHKEPAX EJIEBATOPIB

CaaTodaTbko A. B., ®ypman 1. O.

Xaprigcokuil HAYIOHANLHUL MEXHIYHUL YHIBepCcUmem CLibCbko2o 2ocnodapcmesa imeri Ilempa Bacunenxa

3anpononosano 60ockoHanreHull Heupomepedlcesull Memoo NPOSHO3VEAHHSL NAPAMEMPIE 3ePHOBUX V OYHKepax efe-

8amopis.

IMocTtanoBka npo6Jemu. CrOTOAHI HAYKOBII IyXKe
Majio 3aliMaloThCSI NMPOTHO3YBAaHHSAM IapaMeTpiB 3epHa,
OCKUTBKH iCHye 0araTo CHCTeM KOHTPOJIO IMapaMeTpiB
3€pPHOBHX, SIKi J1arHOCTYIOTh NOTOYHHUII CTaH 3epHa B Oy-
HKepax eneBartopiB. Omneparop, skuil aHaji3ye mapamer-
pH, mpuiiMae pilIeHHS MPOBOKEHHS TEXHOJOTIYHUX
orepariiii Mo MOTOYHOMY CTaHy, HE 3Ba)Karoud Ha TeHJe-
HIIT 3MIH UX napaMeTpiB, a0o 30BCIM He BiJCIIIKOBYIO-
gn iX. [le MoXke mpu3BecTH 10 BTPATH 3epHA, a B pasi ca-
Mo3aiiMaHHs i 10 cyBaHHs 00NaIHAHHS.

AHaJi3 ocTaHHIX gocaikeHb Ta myOJaikaunii. [o-
JIOBHUMH TNPHYMHAMH 3MCHIICHHS SKICHUX IOKa3HUKIB
3epHa IpH Horo 30epiraHHi B OyHKepax ereBaTopa € Ipo-
[ec caMo3irpiBaHHs 36pHOBOT MACH, IiJBHIICHHS BOJIOTO-
CTi, pO3BUTOK MIKiZHUKIB. CBO€YaCHO, Ha MOYATKOBIl
cTanil HEBHUSBICHUI NpOLEC MiABMIICHHS YH DPO3BHTOK
HeraTuBHUX (aKTOPIB MOXKE NPU3BECTH HE TUIBKH JIO
3HUKCHHS MOT0 SKICHUX MOKA3HUKIB, aje i 10 CyTTEBOTO
nigBuIeHHs Temneparypu 3epHa (35°C) y 3o0Hi ocepenxy
camo3irpiBanHs. Y TOMY BHUIIAJIKY, KOJH OCEpPElIOK Camo-
3irpiBaHHsl HE BHSIBJICHO, BiIOYBa€ThCs 3aliMaHHs 3epHO-
BOi MacH, sike, B KiHIIEBOMY IiJICyMKY, MOXe IPU3BECTH
JI0 pyHHYBaHHS KOHCTPYKLIi CHJIOCHOTO KOPIyCy eJieBa-
TOpA.

Bimomo Oarato peamizamiii CHCTEMH, aie yci BOHH
JIMIIE KOHTPONIOIOTE MapaMetpu. HaiicydacHimi cucremu
KOHTPOJIIO NapaMeTpiB 3epHa 3aKOPAOHHUX BHPOOHUKIB,
SKI BCTaHOBIIIOIOTBCSI Ha eJeBaTropax, 3B S3YIOTHCS 3
KOMIT FOTEPOM OIleparopa 3a JIOMOMOTrO0 KaHally 3B’s3KY,
aJie BiZICYTHI MPOTHO3H 1[I0 3MiH IIUX HapaMeTpiB.

3apa3 Ha OuLIbIIOCTI 00’€KTIB MYCK BEHTWIALI 4M
IHIIUX TEXHOJOTIYHUX OMepaliid BiZOyBaeThCS OmepaTo-
pOM, a B JITHI MiCSI[i BEHTIUIIOBAHHS YaCTO IIPAIFOE IIi-
7101000BO HE 3Ba)KAIOYH Ha TEHCHIIIT 3MiH ITapaMeTpiB.

MeTa cTaTTi - 3apONOHYBaTH METOJ MPOTHO3yBaH-
HSl IIapaMeTpiB 3epHOBHX Yy OyHKepax elieBaTopiB 3a J10-
TIOMOTOI0 HEHPOHHOT MEpexi.

OcHoBHi mMaTtepianu gociimkenns. [Ipu po3poOui
METOJy HPOTHO3YBaHHS MapaMeTpiB 3€pPHOBOi MacH, IO
30epiraeTscsi B OyHKEpi, aBTOpaMHU HPOIOHYETHCS CTBO-
PHUTH CHCTEMY, sIKa 3MOYKE BHJABATH MPOTHO3 MOKA3HUKIB
Ta aJanTyBaTHCS i Pi3HI YMOBH poOOTH.

Cxema MeToJly MPOTrHO3YBaHHS MapameTpiB 3epHOBOI
MacH, 110 MPOIOHYEThCS, HaBeAeHa Ha puc. 1.

ABTOpOoM OyJI0 TIPOBE/IEHO aHaJi3 apXiTEeKTypH HEM-
POHHHX MEpEX, JUIS KX 33724 BOHH BUKOPUCTOBYIOTHCS
Ta cnoci0 IX HaBYaHHS, SIKi HA JAHUH 4yac MarOTh HaiOi-
JbIIIE PO3IOBCIO/KEHHS. Pe3ynpraTu aHamisy 3BejeHi 10
Tabm. 1

IIporHo3yBaHHS - 1Ie MPOPOKYBAHHSA MaOyTHIX TO-
niii. Hexait 3amani n guckpernux Bimikis {y(t1), y(t2)...,
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Bubip iHcTpyMeHTy
UL 3371241 IIPOrHO-
3yBaHHs mapamer- |4 Heiiponna mepexa
piB 3epHOBOI Macu
+ 1. OpsomapoBwuii Ta Gararomapo-
AHaJi3 BiJoMUX Buil mepcenTpox
THITIB HEHPOHHUX 2 PexypenTtHa Mepexa
Mepex 3. BararomapoBa Mepexa IpsMoro
PO3IOBCIO/PKEHHS
4.  Mepexa APT
5. Mepexa Xondinga
6.  Mepexa Koxonena
7.  Mepexa pagiaabHO 0a3UCHOT
byHKil
\ 4
Bubip tumy Heii- 1. bararomapoBa pssMoro posro-
POHHOI Mepexi st ] BcroKeHHs (Y3arajlibHeHO-
3aj1a4i IPOTHO3Y- perpeciiiHa MepesKka): BUKOPHCTOBY-
BaHHJ I1apaMeTpiB €ThCs JUTA 3a1ad: AHaui3 qaHux. Kia-
3epHOBOI MacH cucikauis 00pasis.
2. Mepexa pagialibHO 6a3uCHOT
(yHKIIi: BHKOPUCTOBYETHCS AIIS
3ana4:Knacudikarnis o6pasiB. Anpok-
cumattist pyrkniif. [IporrosyBaHHsL.
Kepyanns. Kareropusaris, anani3
JIaHHX.
A 4
Posp o(?xa CTPYKTY= l4—  CrpykTypa HeHpoHHOI Mepexi Ay
pH HEHPOHHOT Me- . .
. - 3a/a4i MPOTHO3YBaHHS IapaMeTpiB
pexi It 3a1aui .
S —— SIKOCTI 3epHa HaBeIeHa Ha puc. 2 Ta 3
rapameTpiB 3epHO-
BOI Macu
v
Po3pobxa anropur- Anroput™ (YHKIIOHYBaHHS HEli-
My (QyHKITIOHYBaH- Rl POHHOT Mepesxi JUIs 3a/1adi IPOTHO3Y-
HSl HEHPOHHOT Me- BaHHS ITapaMeTPiB SKOCTI 3epHa Ha-
pexi Jurs 3amadi BEJICHO Ha pHuC. 4
[IPOTHO3YBaHHS
napameTpiB 3epHO-
BOI Macu

Pucynox 1. — Meron nporHo3yBaHHS NapaMeTpiB 3€pHO-
BO1 MacH, 110 30epiraeTscs y OyHKepax Ha eeBaTopi

y(tn)} y mocnigoBHi MOMeHTH Hacy ti, tp,..., th. Tomi 3a-
BIaHHS TPOTHO3YBaHHS MOJSTa€ B IPOPOKYBaHHI 3Ha-
4eHHS Y(th+1) Y JCIKUH MaOyTHI MOMEHT 4acy tn+1. Me-
TOIO NPOTHO3YBAaHHS € 3MEHIICHHS PU3UKY NPU MPUHHAT-
Ti pimeHb. [Iporao3 3BHYaifHO BUXOJUTH MOMHIKOBHM,
are TIOMMJIKA 3aJIeKHUTh BiJi BUKOPHCTOBYBaHOI MPOTHO-
3yto4oi cuctemu. Hamaroum mporrosy Oinblne pecypcis,
MOJKHA 301TBIINTH TOYHICTh IPOTHO3Y W 3MEHIINUTH 30UT-
KW, TIOB’s13aH1 3 HEBU3HAYCHICTIO TIPH IPUHHATTI PilllcHb.
KopuctyBau BuOupae MOBITLHUN YacCOBWH PSJ, IO
mictutb N BimmikiB, i po30uBae ioro Ha Tpu Oe3miui:




Tabmumg 1 — AHai3 apXiTeKTypu Mepex

ApxiTekTypa AJITOPUTM HaBYaHHS 3anaua
OpHourapoBuii Ta | AJropuT™M HaBYaH- Kracuoixariis obpa-
OaraTomrapoBuii Hs TIEPCENTPOHA. 3iB. AIpOKCHMAIis
MepcenTpoH 3BOpOTHE PO3IIO- ¢byukuiii. [Iporaosy-

BcropKenHs. Ada- BaHHs. KepyBaHHs
line ta Madaline
PexypentHa AIITOpHUTM HaBYaH- Knacuoikamis o6pazis
Hs1 bonbiMana
Bararomaposa JliniliHui aUCKpU- Amnani3 ganux. Kna-
MPSIMOTO PO3IIO- MiHaHTHUI aHaIi3 cudikawis o6pasiB
BCIOJKCHHS
3maraHHs BekTopHe KBaHTY- Kateropusamist Bcepe-
BaHHS nuHi kaca. CTHCHEH-
HI IAHHX
Mepexxa APT ARTMap Knacuoikamist o6pasis
Mepexa Xondi- HaguanHs acowia- AcoliaTiBHA TaM’SITh
naa TUBHOI IaM’sITi
Mepesxa Koxo- SON Koxonena Kateropusanis, anani3
HEHa JaHUX
Mepesxa pazi- AITOpUTM HaBYaH- Kiacuoikariis obpa-
aJbHO 6a3MCHOT Hs pajianbHO 6a3u- 3iB. ATIpOKCHMAIis
yHKmit cHol pyHKIiT ¢yskuii. [Tporaosy-
BanHs1. KepyBaHHst

HaBYaJbHY, TECTYIOUY ¥ KOHTPOIBHY BHOIPKH, AKi IMOTIM
MOJIAI0THCSI Ha BX1Jl Mepexi. Pe3ynbraroM nporno3yBaHHs
€ 3HA4YeHHS THUMYaCOBOTO DPsIy B HEOOXITHWI MOMEHT
gacy. s miIBUIIEHHS SKOCTI MPOTHO3Y HEOOXITHO 3pO-
outn momepenHio o0poOKky iHdopmarii. OCKUTBKH Yaco-
BHH psif sABJIsIE€ COOO0 TIOCHIJOBHICTh YHCIOBUX BiJUTIKIB,
noriepetHsl 00poOKa 3BOANTHCS IO MAcIUTa0yBaHHS 3Ha-
YeHb BIJTIKIB 3 METOIO X MPHUBEICHHS 10 €AMHOTO Jiara-
30Hy. Koxxna BuOipKa siBisie CO00I0 AUCKPETHY (QYHKIIIIO,
3amaHy B Toukax Ha intepBaii [0,N] ¢ kpokom 1, ne N -
MaKCHUMaJIbHE 3HAYCHHS apryMeHTY i€l QyHKITIT.

[Tpu po3p’si3aHi 3aBlaHb NPOTHO3YBaHHS POJIb HEii-
POHHOT Mepexi moJjsrae B HPOPOKYBaHHI MaiiOyTHBOT
peaxiii cuctemu 3a ii OMEPEIHBFOI0 TOBEAIHKO. Boo-
Jifo9r iH(pOpMaIi€Io PO 3HAYCHHS 3MIHHOI X Y MOMEHTH,
TIoTIepe IHi MPOTHO3YBAHHIO X(k-1), X(k-2), ---» X(k-n), MEPEXKA
BHPOOIIsiE€ PO3B 30K, AKUM Oyze HalOUIbII iMOBIpHE 3HA-
YeHHs TOCIIJOBHOCTI X( y TemepimHiii momeHT k. Jlms
ajanTamii BaroBUX KOEQIIiEHTIB Mepexki BHUKOPHCTOBY-
€TbCsl (DAaKTMYHA TOTPIIIHICTh MPOTHO3YBAHHS € = X(k) —
X(k) 1 3HAUEHHs L€l MOTPINIHOCTI B IONEPEHI MOMEHTH
qacy.

[Tpu po3B’s3aHi 3aBAaHHs IPOTHO3YBaHHS THMYaco-
BUX PSIIIB y SAKOCTI HEMPOHHOI Mepexi Oyna obpaHa y3a-
raJbHEHO-perpeciiiHa Mepexa, 10 peatizye MeTOIH se-
pHOI arpokcumanii. Y 3aBHaHHAX perpecii BHXiJ Mepexi
MOXE pPO3IJIIaTUCS SK OYiKyBaHE 3HAUCHHS MOAENI B
JaHii Touli mpocropy BxoxiB. lle ouikyBaHe 3HaueHHs
OB’ sI3aHe 31 IUIBHICTIO IMOBIPHOCTI CIIUIBHOTO PO3MOi-
Jy BXIIHUX 1 BUXITHHX JaHUX. B TouIl po3TamryBaHHS
KOXKHOT'O HaBYAJIBLHOTO CIIOCTEPEKEHHS! MIiCTHTBCS Iayc-
coBa (yHKIlis. BBakaeThcs, MO KOXKHE CIOCTEPEKESHHS
CBIIMMTH MPO JIESIKY BIIEBHEHICTh B TOMY, IO MOBEPXHS
BIATYKYy B JaHIH Kpalllli Mae TIEBHY BHUCOTY, 1 ISl BIIEBHE-
HiCTh yOyBae mpu Bigxofi yOik Bif TOUKH. Mepeka Korri-
10€ ycepennHy cebe BCi HaBYAIbHI CIIOCTEPEIKEHHS il BU-
KOPHUCTOBY€E iX Ul OLIHKH BIATYKY B IOBUIBHIM TOYII.
BuxingHa oriHka Mepexi BUXOIHUThH SK 3BAKEHE CEpeHE
BUXOIIB 3a yciMa HaBYAJIBHHUMHU CIIOCTEPEKCHHSM, J€
BEJIMYMHM Bar BiJIOMBAIOTh BiJICTaHb BiJ LMX CIIOCTEpE-
KEHb JI0 Ti€l TOYKH, Y SKii IPOBOIUTHCS OLIHIOBaHHS.
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CTpyKTypa y3arajlbHEHO-pETpeciiHOi Mepexi mpen-
CTaBJICHO Ha pucC. 2.
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Pucynok 2 — CtpykTypa HEHpOHHOI Mepexi
JUIS TIPOTHO3YBAHHS ITapaMeTpiB 3epHa

VY3aranpHeHO-perpeciiina Mepexa — Mepea ska Mae
JIBa CXOBaHI MIapH: IIap pajiajJbHUX EJIEMEHTIB 1 map
€JIEMEHTIB, sIKi ()OPMYIOTh 3BaXKEHY CyMy JJIsl BIAIIOBiJ-
HOTO €JIeMEHTa BHUXIJHOTO Iapy. Y BUXIZHOMY IIapi BU-
3HAYAETHCSI 3BAXKEHE CEPEIHE LUIIXOM IIOALTY 3BaXKEHOT
CyMH Ha CyMy Bar. Y SKOCTI pamiamsHOi QyHKIII 3acTo-
coByeTbest QyHKIisA [aycca. BximHuii map mepenae cur-
HaJld Ha MEPIINi MPOMKHUHN IIap HEHPOHIB, IO € pasi-
ATBHO CHUMETPUYHUME. BoHH HecyTh y co0i iH(popMariiro
PO JTaHi HaBYaJbHHUX BHIAJKIB 200 K IX KJIacTepiB 1 Ime-
penaroth 11 B Apyruit npoMixkauii map. Y HboMy (opmy-
FOTHCS 3BOXEHI CYMH JUIS BCiX €JIEMEHTIB BHUXIJHOTO IIa-
py # cyma Bar, o OOYHCIIOEThCS CIIeliajbHUM eJIEeMEH-
TOM. SIKIIO MO3HAYWTH BUXiZ i-TO HEMpoHa pajiajbHO
6a3ucHol QyHKUIT — 1mapy siK Vi, TO BUXIJIHUHA CUTHAI i-TO
HeWpoHa JIpyroro MpOMIDKHOTO Iapy OOYHCIIOETHCS 3a
¢dopmyoro 1.
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ne k - uncno HelpoHiB B pamianbHO 0a3ucHOI QyHK-
1ii - mrapi.

)

[To3nauuBmyK Temep BaroBi KoedimieHT i-ro HeHpoHa
panmianeHO 0a3mcHOi (QyHKHii - Mmapy fK ©i, OAEPKUMO
bopmyny 2 i cymH Bar:
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OTxe, BUXIIHUH IIap IUIMTH 3BaKEHI CYMH Ha CyMY
Bar i BUAae OCTaTOYHMH mporHo3. [lo3HaumBImK Horo 3a
Vi, oxepkumMo dopmyiy 3:
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PosrisiHemMo  Tenep NpHHUMIM  (YHKIIIOHYBaHHS
MEpIIOro NPOMIXKHOTO HIApY, CTPYKTYpa SKOTO MpPEACTaB-



JICHO Ha pHUC. 3.

Ha BXim pamianbHUX €JIEMEHTIB 13 BXITHOTO IIapy
MTOTAETHCS BEKTOP X. basucHi QpyHKIii pagiansHO 6aznc-
HOTO IIapy 3aJal0Thesi MaTpuleo Q, ane B MpakTHYHOMY
TUIaH1 OIBII 3pYYHO BUKOPHCTOBYBATH JJIsI OIIUCY €JIe-
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Pucynok 3 — CtpykTypa pasianbHo 0a3ucHOi (yHK-
uii — Hlapy y3aranbHeHO-perpeciiHoi Mepexi

MEHTIB MaTpHIro Kopesiii C, sika 004YHUCITIOETHCS 3aBIsI-
K1 MaTpuli Q y Takuii crnocio:

c=qQ"-Q @)
entp i-ro HeifpoHa MO3HAYUMO SIK Ci.

OcTaTtouHmii pe3yiabpTaT OOpOOKH BXIJHWUX CHUTHAIB
Sj obumncmoeThes 3a popMyoro 5, 6 Ta 7:

n
1 2
SF) - -52_1 (Xf ) CFJ) (5)

T
S = Z 5P
=1 (6)
k
= exn (455 Yo
= 20¢ @)

[ToTiM BEeKTOp BUXIJHUX CHTHANIB V MEPENAEThCS HA
BX1Jl Ipyroro MpoMi>KHOTO HIapy Mepexi.

liaHiCTIO y3araJibHEHO-perpeciiinol Mepexi MoxHa
BBaXaTH BU3HAUCHICTH CTPYKTYPH: Mepexa (HaKTHIHO
BMilIye B ceOe BCi HaBUANIBHI JaHi. 3 IHIIOTO OOKY, Taka
CTPYKTYpa HeWpoMepexi i € ii caMuMm OUTBIIIM HEeIOJi-
KOM: TIPH BEITUKOMY OOCS31 BUXIJHHUX HaHUX IIBUIKICTH
poboTH Mepexi najae, iHOJI y)Ke CYTTEBO.

AnropuTM peaizaiii 3aIporoHOBaHOTO METOAA Mpo-
THO3YBaHHS MapaMeTpiB 3epHa, 0 30epiraeTbest y OyH-
Kepi, HaBeieHUi Ha puc. 4.

BucHoBok. B pe3ynbraTi 6a4uMO 110 iHCTPYMEHTOM
JUIA TIPOTHO3YBaHHS MapaMeTpiB 3€pHOBOI MAacH CTa€
HEHpOHHAa Mepexa. DBHKOpPUCTOBYIOYM — y3arajlbHEHO-
perpeciiHy Mepexy 3 NPOMDKHHAM IIapoM paialbHO-
6asucHoi pyHkIii OyJI0 CTBOPEHO aNrOpUTM JJIs 3ajadi
IIPOTHO3YBaHHs MapaMeTpiB 3€pHOBOI MacH, 1o 30epira-
€TBCS B OYHKepi.

3 HaBeleHOro marepiany 6ayMMo, IO CHUCTEMa CTae
IHTEJIEKTyaIbHOI0, MOXE 3a0e3NeYuTH 3MEHIICHHS BU-
TpaT Ha BUKOPHCTaHHI €Heprii Npu HeJOLUIBHUX TEXHO-

TIOYATOK

[puitaarTs
MOTOYHHUX JAHUX 3
JIATYHKIB

3amnmc NoToYHUX
JIaHKX B IaM'ATh

v v v

CTBOpEHHS
NporHo3y Ha 1
TOJMHY 3a JI0I0-
mororo HM

CTBOpEHHS
NPOrHO3y Ha 1
100y 3a 10MOMO-
roro HM

CrBOpEHHS
NIPOTHO3Y Ha i-
1116 3a 10moMo-

roro HM

1 \ 4 A 4

v

Bunaua nporxosy

KIHELb

Pucynok 4 — AnroputmM peaitizariii METOIy MpOTHO-
3yBaHH: ITapaMeTpiB 36pPHOBOI MacH, 110 30epiraeTscs B
OyHKepi eneBaTopa

JIOTIYHUX OIEepaIisfX, Ta MiIBHUIIUTH SIKICTh KOHTPOIIO Ta
MPOTHO3yBaHHS [IAPAMETPIB 36PHOBOI MACH.
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HEMPOCETEBOM METO/
MPOTHO3UPOBAHUS TIAPAMETPOB
3EPHOBOM MACCBI, KOTOPASI XPAHUTCS
B BYHKEPAX SJIEBATOPOB

Castobateko A. B., ®ypman U. A.
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Abstract

NEURAL NETWORKS METHOD OF RESEARCH

OF THE PARAMETERS OF THE GRAIN MASS,

WHICH IS STORED IN A SILOS
A. Svyatobatko, I. Furman

The advanced method research the parameters of
grain in silos using a neural network.
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