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TeopeTuyHo onpepernsiHe HA HePaBHOMEPHOCTTA Ha NOCTbLMeHUsATA
nNpy AUPEKTHO NpUeMaHe Ha 3bPHO B 3bPHOXpaHMUNULLaTa

Hukonan [dumuTpos

A theoretical determination of the fluctuation in grain elevator's supply during harvest: A
method is proposed for the theoretical determination of the coefficient of uniformity and maximum daily
intake of grain in elevators, depending on the average daily supply and the vehicle's capacity. The coefficient
of uniformity is defined as the ratio of the maximum and average number of incoming vehicles per day. The
maximum number of incoming vehicles is determined as a percentile of the Poisson distribution at
confidence levels 0.95 and 0.999. The uniformity coefficient decreases at higher average daily intake and
increase in higher vehicle's capacity. A linear correlation is established between the maximum daily intake,
the average daily intake and the capacity of the vehicles.
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BBbBEOEHUE

maBHaTa 3ajava Ha 3bpHOXpaHWnUMLiaTa e Aa NpMemar U CbXpaHsaBaT 3bpHeHaTa
npoaykuua 6e3 Aa 3aTpydHsBaT XbTBaTa. 3bPHOTO Ce NPeBO3Ba AMPEKTHO OT MOMeTo C
aBTOTPaHCMNOPT, KaTo [AOCTaBKMTE, B MOBEYETO CryyaW, umaTt CriydyaeH XapakTep.
Cny4aHuAT xapakTep 3aTpyaHsiBa usbopa Ha NoaxoAswiM npuemHu cuctemu. Yecto B
nepvoda Ha XbTBaTa ce HabniogaBaT 3aApbCTBaHUSA W MPOABLIMKUTENEH MPECcTor Ha
npeBO3HNTE CPeacTBa.

OcHoBeH nokasaten npu onpegensHe Ha ©Opos M NpPoOM3BOAWTENHOCTTA Ha
NPUeMHUTE CUCTEMW € MaKCMMarHOTO KOMMWYECTBO 3bPHO, KOETO MOXe [a NOCTbMu B
pamkuTe Ha AeHoHowmeTo. Bouland [1] onpeaensa AHEBHUTE MakCMMyMU KaTo MPOLIEHT OT
06LOTO KOMMYECTBO NPMEMaHO 3bpHO. MNPOLEHTBLT € pa3nuyeH 3a pasnuyHUTE 3bPHEHN
KynTypu 1 3aBUCK OT NPOLBIMKUTENHOCTTA Ha XXbTBEHUS NEpPUoa.

[ocerawHaTta npaktuka B Bbnrapus € MakCMManHOTO KONMYECTBO 3bPHO Aa ce
onpegens 4vpe3 KoeduUMeHTa Ha [EHOHOLWHa HepaBHOMEPHOCT, KOWTO NpeacTaBnsiBa
OTHOLLEHWNE Ha MakCUMarnHoTO U CpedHO KONMYEeCTBO NpuemMaHo 3bpHO. KoepuuneHTsT e
onpeaeneH OnWTHO KaTo € M3MEPEHO KONMMYECTBOTO Ha NPMEMaHOTO MO BPEME Ha XbTBa
3bPHO B HAKOM ronemy 3bpHOXpaHunuwia (uMtupaHo ot KasakoB [7]). Pasnuynu
CTOMHOCTWN Ha koedumumeHTa ca nocodeHn ot VeaHoB n baknuHosa [6] u Xapanambues
[10].

MopobeH noaxoa e wmsnon3eaH B Pycusi n 6uBwmte CbBeTCKM penybnuku, kaTo
KoedULUMEHTbT Ha [AEHOHOLIHAa HepaBHOMEPHOCT 3aBWCKM OT reorpadpckata obnact, B
KOSITO € pasnonioxeHo 3bpHoxpaHunuuieTo [5]. MawabHo u3cnegBaHe, MPOBEAEHO B
CeBepHUTe paroHn Ha KasaxcTaH ycTaHoBsIBa CUNHa Kopenauus mexay koeduuneHTa Ha
[EHOHOLLHa HEePaBHOMEPHOCT 1 OOLLOTO KONMMYECTBO NpueMaHo 3bpHO [9]. AHanorumyHa
3aBUCUMOCT e ycTaHoBeHa 1 oT Kasakos [8].

HepocTtaTtbk Ha eMnuMpUYHUS METOA € YacTHUSA xapaktep Ha pesyntatute. [lpu
NpoMsiHa Ha ycrnoBusTa CTOMHOCTUTE MOraTt Aa cTaHaT HeBanuaHu. Jlunceart u AaHHKM 3a
BMUSHMETO Ha cpegHaTa TOBapOHOCKHMOCT Ha NPeBO3HWUTE CpeacTBa BbpXy AeHOHOLWHaTa
HepaBHOMEPHOCT.

BpoAT Ha npeBo3HUTE CpeAcTBa, KOUTO NOCTLMBAT B €4HO 3bpHOXpaHUmuLie 3a
onpeeneH nepuog OT BpeMe e crnyvyaiHa BenuyuHa c pasnpegenexue Ha oacoH [1, 2,
3]. MapameTbpbT, KOWTO XapakTepusupa ToBa pasnpedeneHne e cpepHust 6poin Ha
nocTbnBaWMTe MPEeBO3HM cpeAcTBa. AKO TO3M MapamMeTbp € U3BEeCTEeH Moxe da ce
YCTaHOBM MakcuManHus 6pon Ha nocTbnBaluTe NPEBO3HWU CPEACTBA B ASHOHOLLMETO U
Yypes Hero koeduumeHTa Ha AeHOHOLWHa HepaBHOMEPHOCT.

Llenta Ha HacTosLeTO M3cneaBaHe € TeOpeTUYHO Aa ce onpeaenu KoeduumeHTta
Ha HepaBHOMEPHOCT U MaKkCUMarHOTO KOMMYECTBO 3bPHO, NOCTBMNBALLO C aBTOMOOUNEH
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TPaHCMOpT B  3bpHOXpaHWNMLiATa 3a €OHO [EHOHOWMe KaTo Cce  W3Monssa
pasnpepaeneHneTo Ha MoacoH.

METOOU

KoedunumeHTbT Ha AeHOHOLLHa HepaBHOMepHOCT KA e onpeneneH kato OTHOLLEHWe
Ha MakcumanHus (MCmax, np.cp./d) n cpegHusa Gpoi NocTbMNBaLM NPEBO3HU cpeacTsa
(CNC, np.cp./d) 3a peH.

Ko= ICmax
cric

MakcumanHuat 6poi Ha npeBo3HNTe cpecTsa (MCmax), npeacTasnsBa NPOLEHTUN
OT pa3npegeneHneto Ha [loacoH. MNpoueHTUnBbT (X) e CTOMHOCT OT pasnpeaeneHueTo,
npu KOATO BEPOATHOCTTa BpOAT Ha NOCTbNBALLMTE NPEBO3HM cpeacTBa (X) Aa Obae paBeH
unun no-mMansk ot (X) e 6nmska go eamHuua, T.e. P(x<X)=1. MNpoLeHTUNBbT € Usano Y1cro
nopaau OUCKPETHUSI XapakTep Ha pasnpefeneHneTo. VMacneaBaHu ca gBa crnyyas — npu
HuBa Ha gosepue P(x<X)=0,95 n P(x<X)=0,999.

Pa3npeneneHneTo Ha MoacoH ce xapakTepusupa ¢ eauH napaMmeTbp — cpefeH 6pon
Ha nocTbNBalWMTEe NPEeBO3HW cpeAcTBa npe3 AeHoHowwmeto (CMC, np.cp./d). To3un e
onpeneneH Kato OTHOLUEHNE Ha CPeaHOTO OHEBHO MOCTbLMNEHUE Ha 3bpHo (CAOM, t/d) n
cpegHaTa TOBapOHOCUMOCT Ha npeBo3HuTe cpeactea (CT, t).

- Can

Cric cT

CpenHoTo OHEBHO NOCTbMMIEHNE 3aBUCK OT 0BLLOTO KONIMYECTBO NPUEMAHO 3bPHO 1
NPOABLIMKMTENHOCTTa Ha NeproAa Ha NOoCTbNNeHMeTo. Vi3cneaBaHn ca cnyyav Ha cpefHa
ToBapoHocumocT (CT) Ha npeBo3HuTe cpeacTtea 5, 10, 151 20 t.

MakcumanHoTO KonmyecTBo npuemaHo 3bpHo (AMNmax, t/d) B pamkute Ha
[OEHOHOLWMEeTO, Ce M34YucnsBa KaTo Mpov3BedeHWe Ha CPeAHOTO AHEBHO MOCTbMeHue
(COMM) n xoedumumeHTa Ha AEeHOHOLLHa HepaBHOMepHOCT KA.

IITmax= Ko.CHIT

MpoueHTUNMTE OT pasnpeneneHweTo Ha [1oacoH M perpecroHHUTE ypaBHEHWs ca
nonyyYeHn Ypes NoaxoasLl, CTaTuCTUYeckn codpryep.

PE3YJNITATU U OBCBXXOAHE

KoeduUMeHTbT Ha AEeHOHOLHa HEPaBHOMEPHOCT € NPeACTaBeH B 3aBMCMMOCT OT
CpPefiHOTO AHEBHO MOCTBMNIIEHNE M cpedHaTa TOBapOHOCUMOCT Ha TpaHcnopTa (Pwur. 1).
YctaHoBeHa e obpaTHa KopenauuoHHa 3aBWCUMOCT Ha KoeduuueHTa OT CpeaHOTo
OHEeBHO nocTtbnneHve. C yBenmyaBaHe Ha CPeAHOTO AHEBHO NOCTbMNEHNE KOEPULNEHTBT
pSA3KO HamansBa, KaTo Hal-CbleCcTBeHU ca uameHeHusata go 300 t/d. Crnen Tasm
CTOMHOCT KOeMULMEHTBLT NOCTENEHHO KMoHM kbM 1. CTOMHOCTMTE NMpU HUBO Ha AoBepue
0,999 ca B nHTepBana oT 3,4 npu cpeaHo noctbnnenune 50 t/d n ToBapoHocumocT 20 t o
1,2 npu cpegHo noctbnneHne 1700 t/d n ToBapoHocumocT 5 t. MNpu HUBO Ha pgosepus 0,95
koedumumeHTa e ot 1,98 npu cpegHo noctbnnexune 50 t/d n TosapoHocumocTt 20 t go 1,085
npu cpeaHo noctbnnenune 1700 t/d n ToBapoHocumocT 5 t.

CpegHaTta TOBapOHOCUMOCT Ha NPEeBO3HUTE CPeACcTBa MMa nogveptaH edekT Bbpxy
paBHOMepHOCTTa Ha nocTbnBaHe. KoeduUMeHTLT Ha HepaBHOMEPHOCT HapacTBa C
yBennyaBaHe Ha TOBapOHOCMMOCTTA, KaTo pasfuKkuTe ca Mo-u3pa3eHn npu no-HucKa
WHTEH3UBHOCT Ha nocTbnneHusaTa — ao 300 t/d.

MopobHa TeHOeHuuss e HabnogaBaHa B eMNUMPWYHM M3cnedBaHus Ha Pykc u
Lymckun [9] n Kasakos [8]. Te ycTaHoBABaT cunHa Kopenauus mexgy koeduumeHTta Ha
[EHOHOLLHa HepaBHOMEPHOCT U obwmsa obeM Ha MpUMeMaHOTO 3bpHO. XapakTepa Ha
3aBUCMMOCTUTE € Bnu3bK Npu ABETE M3cneaBaHUsl U CbBMNafga C TEOPETUYHO MOryveHus
OT Hac, KaTo CTOMHOCTUTE Ha KoedumumeHTa ca oT 3 o 3,5 npu 06O KONMYecTBO Ha
npuemaHoTo 3bpHO nog 4000 t n knoHn kbM 1,4 npu 06O npuemaHo 3bpHO Hag 30 000 t.
AHucumoBa [4] cbLLO NocoYBa pPasfMyHN KOedULNEHTM B 3aBUCMMOCT OT KONIMYECTBOTO Ha
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NPMEMaHOTO 3bPHO, KaTo TEHAEHUUATA e aHanornyHa. lNocovyeHnTe OT Hes CTOMHOCTM ca
oT 1,7 npu obwo noctbnneHune nog 25 000 t o 1,4 npu obwo noctenneHune Hag 100 000t.

P=0,95
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dur. 1. KoednumeHT Ha AeHOHOLHa HepaBHOMEPHOCT B 3aBUCUMOCT OT CPEAHOTO
[OHEBHO NOCTBbMMEHNE U cpefHaTa TOBaPOHOCMMOCT Ha MPeBO3HUTE CpeAcTBa
(5, 10, 15 1 20 t) npu ABe HUBa Ha gosepue - 0,95 n 0,999,

Cnopen u3cnegBaHe, umtupaHo oT KasakoB [7] koeduuUMeHTUTe Ha AEeHOHOLHa
HepaBHOMepHOCT 3a bbnrapusa ca ot 1,22 go 2,08. Xapanambues [10] nocoysa cpeaeH
KoedUUNEHT Ha AEeHOHOLWHa HepaBHoMepHocT 1,6, a MiBaHoB 1 baknuHoBa [6] nanonssat
koeduumneHt 2,1 3a opusoBa apna u 1,35 3a BCuYKM ocTaHanu cypoBuHU. B Pycus
KoedUUNEHTBLT Npu npoekTnpaHe e ot 1,3 go 1,6 n 3aBucu ot reorpadckata odnacrt [5].
Bcuykn nocoyeHn CTOMHOCTY ca B o6xBaTa Ha TEOPETUYHO YCTAHOBEHUTE, KaTO HUKOWU OT
UMTUPaAHUTE aBTOPU HE OTYMTa BMUSIHUETO Ha CpefHaTa TOBApPOHOCUMMOCT Ha MPEeBO3HUTE
cpencTBa BbpXy paBHOMEPHOCTTa Ha NOCTbMMEHNUATA.
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KoetpuumeHTbT Ha  HepaBHOMEPHOCT  onpedenst  MakCMMarHoTO  AHEBHO
NOCTBMMEHNE Ha 3bPHO B 3bpHOXpaHunuwiata. pousBOAUTENHOCTTa Ha MpUEeMHUTE
CMCTEMU NpUW NPOEKTMpPaHe ce OCHOBaBa Ha TO3W MokasaTen, nopaau koeto B Tabnuua 1
Ca npeacTaBeHU aHanWTUYHU 3aBMCUMMOCTU Ha MaKCMMarHOTO AHEBHO NOCTbMMEHWe OT
cpefHaTa TOBapOHOCMMOCT Ha NMPeBO3HUTE CPEeACTBa U CPeOHOTO AHEBHO MOCTbLMMEHWe
Ha 3bpHO. 3aBUCMMOCTUTE Ca NMHENHW C koeduuMeHTU Ha peTepMmuHauma Hag 99%.
CraTucTnyeckuTe rpeLlkn ca no-HNCKU Npu HMBO Ha aosepue 0,95.

HuBoTO Ha fgoBepue e nokasaTen 3a HageXOHOCTTa Ha MnoryvyeHuTe pesynTtatu 1
rnoco4ysa BepoOATHOCTTa KoeduUMeHTa Ha HepaBHOMEepHOCT Aa Obae B pamkuTe Ha
nporHo3npanns. Hanpumep, HMBO Ha posepue 0,95 osHayaBa, ye B 95% oT cnyvauTte
MaKCUManHoTO AHEBHO MOCTbBMNMEHNE HA 3bPHO Le CbOTBETCTBA Ha MPOrHO3NpaHoTo, a B
5% we Obae no-sucoko. CnepoBaTenHo KoeUUMEHTUTE HA HEPaBHOMEPHOCT ca Mo-
BMCOKM npu HMBO Ha posepue 0,999 cpaBHeHo c¢ 0,95, T KaTto NPOUEHTUNBT OT
pasnpegeneHneTo Ha loacoH, T.e. MakCUManHusT Gpoii TPaHCMOPTHU CPeAcTBa, KOUTO
Morat ga MOoCTbNAT B paMKUTE Ha [AEHOHOLMETO € no-ronsam. ToBa ce Buxga u OT
nonyyeHute pesyntatu (dur. 1). Hanpumep, npu HUBO Ha gosepue 0,95, cpeaHO AHEBHO
noctbnnenne 200 t/d n cpegHa ToBapoHocumocT 20 t koeduuneHTbT Ko e 1,5, pokato
npv HMBO Ha fosepue 0,999 Ka e 3HaumTenHo no-smcok 2,1.

N36opbT Ha HMBO Ha [oOBepue 3aBUCKM OT KOHKPETHUSI crnydvail. OupekTHOTO
npuemaHe OT MOMETO Ce XapaKkTepusmpa CbC CUrHa HepaBHOMEpPHOCT. 3abaBsHeTo Ha
TPaHCMOPTHUTE CPEACTBa € 0COGEHO HexenaTenHo U LeHaTa Ha MpecTost € BUcoKa. B
TO3W cny4van koeuumeHTUTe Ha AeHOHOLHa HepaBHoMepHOocCT Ka Tpsibea aa ce npuemat
npu HMBO Ha gosepue 0,999. OT gpyra cTpaHa, No-BUCOKUTE KOEULUEHTHU, CNIPSIMO TE3N
npu HMBO Ha Aosepue 0,95, BOOAT OO NpPOEKTMpPaHe Ha MPUEMHUW CUCTEMU C BUCOKA
Npou3BOAUTENHOCT U WHBECTUMUMOHHATa CTOMHOCT Ha MpoeKkTta Cce yBenuyasa.
KoedumumeHtute npm HuBo Ha posepue 0,95 moraT ga ce u3nonseaT B crnyyan Ha
OTHOCWUTENHO pErynsipHW MOCTbMNMEHUsI M Toraea, Korato MpPecTouTe Ha MNpeBO3HUTE
cpeacTea He ca haTanHu 1 Morat fa ce KOMMeHcupaT C yabIikeHOo paboTHO BpeMme.

Tabnvua 1.3aBMCMMOCTM Ha MakCMManHOTO AHeBHO nocTbhneHuve (OMmax, t/d) ot
cpegHata TOBapOHOCUMOCT Ha npeBo3Hute cpeactBa (CT, t) M cpeaHOTO [OHEBHO
noctbnnenve (COM, t/d) npu HMBa Ha gosepue 0,95 n 0,999.

3aBucumocTu: MapameTpu Ha perpecusaTa:
R2=99,85%
BeposaTHocT P(x<X)=0,95 _
OMNmax=5,60231.CT+1,11715.CAMN-12,0134 SEE=19,8973
MAE=14,6968
R2=99,68%
BeposaTHocT P(x<X)=0,999 N
OMmax=11,8769.CT+1,22372.COMN-25,2336 SEE=32,1116
MAE=24,9293

R? - KoedmUmMeHT Ha aeTtepMuHauus; SEE — ctaHgapTHa rpelwka Ha oueHkata;, MAE —
cpenHa abconoTHa rpeLuka.

n3sogu

e [peanoxeH e TeopeTudeH MeToq 3a onpeaensHe koeduuMeHTa Ha AeHOHOLWHa
HEpPaBHOMEPHOCT MpM NOCTbMNBaHE Ha NPEeBO3HUTE CPEACTBA B 3aBUCMMOCT OT cpeaHaTa
MM TOBAPOHOCMMOCT 1 CPeAHOTO AHEBHOTO MOCTLMIEHNE HA 3bPHO.

e PaBHOMepHOCTTa Ha MOCTbMBaHe 3aBWCUM OOpaTHO MNPOMOPLMOHANHO OT
KOMMYECTBOTO Ha MPUEMAHOTO 3bpHO. KoedULMeHTHT Ha HEpPaBHOMEPHOCT HamarnsiBsa
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yBenn4yaBaHe Ha CpeAHOTO AHEBHO NOCTbNeHne N € No0-BUCOK Npu NpeBO3HNTE CcpeacTBa
C rondamMma ToBapoOHOCUMOCT.

e YCTaHOBEHW Ca aHanUTU4HU 3aBUCUMOCTM Ha MaKCMMasiHOTO [AHEBHO
nocCTbMN1eHne Ha 3bPHO OT CPeAHOTO AHEBHO MOCTbNIIEHNE N CpeAHaTa TOBAapOHOCUMOCT
Ha NpeBO3HNTE CcpeacTBa.
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