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AHomauyia — B CTATTI HA MiACTABi M0JI0:KeHb Teopii HMOBIpHOC-
Teil PO3IVIAHYTO METOAUKY NMOOYyI0BM MATEeMATH4YHOI MoJeJsi HMOBip-
HOCTi MPOXOJKEHHS 3ePHIBKH KPi3b mIap 004iCAaHOT0 BOPOXY 3 ypaxy-
BAHHSIM B3a€MHOI0 PO3TAIIYBAHHSI COJIOMHH Ta MOJAEJTIBAHHS LbOIO
npouecy.

Knrwuoei cnosa — o64icanuii BOPOX, 3epHiBKa, COJIOMUHA, iMOBI-
PHiCTB, IIAP, cerperamis, MaTeMaTHYHA MO/ EJIb.

Ilocmanoska npobaemu. B pe3ynbrati Ali 004iCyHO4Or0 MPUCTPOIO
Ha CYLBITTS POCIMH YTBOPIOETHCA OOUICAHMI BOPOX, SIKMM SBIISIE COOOIO
CyMIiIll, sIKa CKJIAJA€ThCS 3 BUIBHOTO 3€pHA, COJIOMH, IMOJOBH 1 00IpBaHUX
KOJIOCKIB (BOJIOTKIB). 3TiJIHO 6aratopiuHUX JOCIIKEHb BCTAHOBIICHO, 110
B CepeIHbOMY OO0YiCaHUN BOPOX MIIIEHHUIII MICTUTh BUTbHOTO 3epHa 53,77%
[1], monoBu 8,86% [2], comomu 33,2% [3] Ta obipBaHuXx KojockiB 4,13%
[4].

3aBIaHHSIM JTAaHOTO JIOCTIHKEHHS € po3po0Ka Ta OOTPYHTYBaHHS PO-
0o4oro opraHy Jjis BUJIUJICHHS BUIBHOTO 3epHa. JlaHui mpoliec MOXKHA BHU-
KOHATH B JiBa eTanu. Ha mepiiomy eTarni nepepo3noIuUIUTA 3€pHIBKU 3 BEP-
XHIX IIapiB BOPOXY B HUKHIN, a HA JPYrOMy €Tarli BiJIcenapyBaTH Momnepe-
JTHbO CETPEroBaHU 3€pHOCOJIOMICTHI MaTepiall. TakuM YMHOM BOPOX PO3-
JITUTHCST Ha AB1 Gpakilii: BeTUKl COJOM'SICTI JOMINIKU 3MimiaHi 3 o0ipBa-

2 HUMH KOJIOCKaAMH 1 BUIbHE 3€pPHO 3 MOJIO-
/ / BOIO 1 IPIOHUMH TOMIIIKAMH.
/
/ OO0 Jliist 3a0e3neyeHHs] BUKOHAHHS J1a-

OO O] mux oreparliii MPOTOHYEThCS POOOUHMIA
OO opras, SKUN CKJIAJAa€ThCsl 3 CErperaTtopy

1 i pemreta 2 (puc. 1) [5]. Cerperatop siB-
00O jsie co00I0 CYLIIbHY METaleBY MOBEPX-

Puc. 1. Pobowwii opran ans Hio. Ha moBepxHi pemiera BUKOHAHI KPYy-
cenaparii 00uicaHoro Bopoxy: IJ1i OTBOPH IUISl IPOXOJY 3€PHOBOI (ppaK-
1 — cerperarop; 2 — pemiero i

Hactynaum etanom po3poOku poOOYOro opraHy € Horo TeOpeTUUHE
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OOTpYyHTYBaHHS.

VY TeopeTUuHOMY IUIaH1 3aBJAHHS MOJISITa€ y BCTAHOBJICHH1 3aJI€KHO-
CTI MDK TE€OMETPUYHHMM PO3MipaMH COJIOMHH 1 3€pHIBOK 1 WMOBIPHICTIO
IPOXOJIPKEHHS 3€pHIBKU KPi3b IIap COJIOMHU.

Ananiz nyoaixkayiti. TeopeTudHoro 0a3010 JJI BUPIIICHHS JAHOTO 3a-
BJIaHHS € METOJMKa TEOMETPUYHOTO OOUYMCIICHHS WMOBIpHOCTEH [6]. Bre-
pIIie METO T€OMETPUIHOTO OOUMCIICHHSI HMOBIPHOCTEH OYyB 3alpOTIOHOBA-
Huit brogonom 1 OyB onmyOiikoBaHuit B iioro podori [7]. Jaunuit meton OyB
BUKOPHUCTaHUU B poOOTI [8] 151 mOOYJ0BH MaTeMaTHYHOT MOJIEINI cemnapa-
1ii 064icaHoro BOpOXy 3epHOBUX. OAHAK B Iiil poOOTI AaHUI MPOIEC PO3-
TJISHYTO HE B TIOBHIM Mipi.

Dopmynrosanns yiner cmammi. [1o0ymyBaTH MaTeMaTHYHY MOJEIb
HMOBIPHOCTI TIPOCIIOBAHHS 3€PHIBKM Kpi3b IIap COJOMH Ta MPOBECTH MO-
JICTIOBAHHS 1IbOTO MPOIIECY.

OcHosna yacmuna. J1ns moOy10BM MaTeMaTUYHOI MOJIeIl KMOBIPHO-
CTl1 MPOCItOBaHHS 3€PHIBKHU KPi3b IIap COJIOMHU PO3IJISTHEMO BHITAJIOK, KOJIHU
BIJICTAaHb M)XK COJIOMMHKaMH O1iJIbIIIe CYMH JOBKHHHU 3€pHIBKHU 1 JlaMeTpa
COJIOMUHU

2p>21+2r, > axl, (1)
1e 2p— BIJICTaHb MK OCSIMH COJIOMHHOK;

2| — TOBXMHA 3€pHIBKH;
2r — 11aMETP COJIOMUHHU.

BBeneMo mo3HadYeHHS a=p-—r..

Tomi, Buxonasuu 3 HepiBHOCTI (1), BHU-
MBae, Mo a>1. 306pasumo rpadiy-
HO CXEMY NPOCIIOBaHHS 3€PHIBKHU IMPHU
napajieIbHOMYy PO3TalllyBaHHI COJIO-
MUH (puc. 2).

[Ipunycrtrmo, mo

Puc. 2. Cxema npocitoBaHHS 3€pHIBKH
Kpi3b Bl HapayiebHi COJIOMHUHH,
JUISL IEPLIOTO BUMAJIKY O<x<r, (2)

Je X — BIJICTaHb BiJ IIEHTPA Baru 3€pHIBKHU J0 OCI COJJOMHUHU.

TakuM 4YMHOM, MPU TaKUX 3HAYCHHSIX X 3€pHO Micis yaapy abo 3a-
JUIIAETHCSI HAa TIOBEPXHI COJIOMHHM, a00 BIJICKOYUTH 1 mpocieTrbes. [Ipu
3MiHI Bifl & 70 7 1 Big 0 10 p, MOJIOKEHHS 3€PHIBKHU 100 COJIOMUH 3MIHIO-
€ThCA TAaKUM YHUHOM, 1110 WMOBIpHICTh npocitoBaHHs ctae 100%. JloOporo
HaroJI00 JJIsl HEMIPOCIIOBAHHSI 3€PHIBKH €, BUXOJIs14H 3 HepiBHOCTI (1), 3Ha-
YEHHS BIJIMOBIIHUX BEJIMYKH, 110 JOPIBHIOE T TA . .

Toni, BUKOPUCTOBYIOUM BH3HAYCHHS T€OMETPUYHOI HMOBIPHOCTI,
HMOBIPHICTh HEMPOCIIOBAHHS 3€pHA MPU HOTO TOPU3OHTAILHOMY PO3TaIlly-
BaHHI
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ne p! — UMOBIPHICTh HEMPOCIIOBAHHS 3€PHIBKH, IPU TOPU3OHTAIBHOMY I10-
JIO’KEHH] TiJ1a JJIs IEPIIOTO BUMAIKY.
[Ipu BepTHKaNbHOMY PO3TAIlyBaHHI 3€pHIBKH, HMOBIPHICTH HEMPO-
CIIOBaHHS, BUXOJSTYM 3 PUCYHKY 2, Oy/Ie 1ACHTUYHOIO

I
p[:_c’ 4
-t @

1€ p,)— WMOBIPHICTh HEMPOCIIOBaHHS 3€PHIBKH, MPU BEPTUKAIBHOMY IIO-

JIOKEHHI TJ1a JJIs NEPIIOro BUMAJIKY.
3aranpbHa WMOBIPHICTD HEMPOCIIOBAHHSA 3€PHIBKM JJI TEPIIOTO BH-
nagKy a>| TpH TOPU3OHTAIBFHOMY 1 BEPTHKAIBHOMY ii pO3TallyBaHHI
CKJIaJe

2 p

[ToOynyemo rpadik 3a1exHOCTI KMOBIPHOCTI MTPOCIFOBAHHS BIJ BijiC-
TaH1 MK COJIOMUHAMU JUTsI IEPIIOTO BUMIAIKY, KOJIA a > |.

[Ipu nmo6ynoBi rpadika BUKOPU-
CTOBYBaJIacsi WMOBIPHICTb TIPOCIIO-
BaHHS 3€PHIBKH.

Ha pucynky 3 mnokazaHuil BHU-
Najl0K, KOJIM COJIOMHUHHU PO3TalllOBaHi
napajiebHO OAWH OJHOMY, IPOTE B
peanbHIi MIMCHOCTI MOMJIMBI  Pi3HI
BUITAJIKM B3a€EMHOTO PO3TAIIyBaHHS
coJIoMUH. Po3risHeMo KijabKka BUMNA-

P MM

p|=p1|+p;_£ (5)

p
! 0,86

0,83

0.82

Be m w2 s e KiB, fIKI HalOLIbII YacTo 3ycTpida-
Puc. 3. Janexcuicts AMOBIpROCTI IOTBCSI, 4 caMme, KOJU OJHAa COJOMHHA
MMPOCIFOBAHHA 3€PHIBKHU B1J BIZICTaH1 MK . . ..
COJIOMHUHAMHU IJIs1 HepIHOFO BI/IHaJle Hepe6yBa€ Hl'z[ HaXHJIoOM I[O IHIIIO1
IIpH MapajieIbHOMY PO3TallyBaHHI (pHC. 4) a00 KOJU COJIOMHHHU 3HaXO-
COIOMHH ISTHCS M1 HAXWJIOM I10 BIJHOIIEHHIO

OJIMH 10 OJHOro (puc. 5) 1 HapemTi, KOJU COJOMHUHHM NEPETHHAIOTHCS
(puc. 6).

Puc. 4. Cxema npocitoBaHHS 3€pHIBKH KPi3b Puc. 5. Cxema npocitoBaHHS 3€pHIBKH
JIBi COJIOMUHH, KOJIM OJIHA 3 COJIOMHH Kpi3b JIBi COJIOMUHH, KOJH OOHJIBI COJIOMHHU
3HAXOAUTHCS I11JT HAXWJIOM 10 1HIIOT 3HAXOIATHCS 1111 HAXUJIOM I10 BiJHOILIEHHIO

OJIMH 10 OJHOI'O
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VY BCIX MpeCTaBICHUX BUIMAAKaX BiAOYBAETHCS 3MiHA MIKIICHTPOBOT
BIJICTaH1 MI)K COJIOMUHAMH.

Jns  momamplmmMx — J1OCHi-
JDKeHb BBezieMo mapameTp T € [0;
1], sxuit xapakTepusye 3MiHY p.
[Ipn BuKOpHUCTaHHI Mapamerpa T,
AMOBIpHICTh OyJe NpPEACTaBIATU
13 cebe cepenHe apudpmeTuyHe

Puc. 6. CxeMa MpociioBaHHs 3epHiBKY kpiss ~ MMOBIPHOCTEH, B TUX (popMysax, B
HBi COJIOMHHH, KOJIM COJIOMUHU NNIEPECTUHAOTHCA AKX 6YIIYTB BHKOpI/ICTOBYBaTI/ICﬂ
pi3HI 3Ha4YeHHS mapameTpa T. TOYHICTh TAaKOro PO3paxyHKy Oyne MpsMo
IIPOTOPIIMHOIO A0 KPOKY MapaMeTpa T Ha BCiil 00JlacTi HOro BU3HAYCHHS.
Tobto, sxmo 1 € [0; 1], To kpok 0,1 1 10 3HaueHp mapameTpa T, MPU po3pa-
XYHKY JaAyTh MEHII TOYHUH pe3yabpTaT, HiX Kpok 0,01 1 100 3Hauens mna-
pamerpa. Tomy, Ipu OOUKCIIEHHI UMOBIPHOCTI 3 BUKOPUCTAHHAM (POPMYIL,
B SIKUX 3aCTOCOBYETHCS MMapaMeTp T, CJIiJl BAKOPUCTOBYBATU OOYMCITIOBAIIb-
Hi1 otyxHocTi [1K kpi3b 3HauHU# 00cAT 00pOOTIOBAaHUX JAHUX.

Jlst BUTIAIKY, KOJIM OJTHA 3 COJIOMHH 3HAXOJUTHCA IM1JI HAXUIIOM I10
BIJTHOIICHHIO J0 1HIIOI (pUC. 4) — BIICTAaHb MK COJIOMHUHAMH 3MIHIOETHCS
BiJ p 710 2p, a T BianoBiaHo — Bijg 0,5 mo 1. OTxe, HMOBIPHICTD HENPOCItO-
BaHHS JIJIS IIbOTO BUTIAJKY, Oy/ie BUTJISAIATH

pL =2, (6)

70

: rete[0,5;1],ap e [p;2p].
[ToGynyemo rpadik 3ameKHOCTI
038 WMOBIPHOCTI  MPOCIIOBAHHS  3€PHIBKU
Kpi3b 1Bl COJIOMHUHHM BiJ BIJICTaHI MIXK
HUMH B pa3si, KOJU OJHA COJIOMHHA 3Ha-
XOOWTHCS M1 HAaXWJIOM 10 1HIIOI
(puc. 7).

Sk BUOHO, 3 PUCYHKY 7 31 30171b-
HIEHHSM MIDKLEHTpaJIbHUX BIJICTAHEU p
HMOBIPHICTh  IIPOCIIOBAHHSA  3€pPHIBKU
Puc. 7. 3anexHicTs HMOBIpHOCTI 30LIBITY€THCA.

MIPOCIFOBAHHS BiJ| BiJICTaHI MiXK PosrnsgHemMo BHIIagOK, KOJIM CO-

COJIOMHMHaAMH JUISL IEPIIOTO BUIIAJIKY, JIOMHUHHU 3HAXO0AATBHCA HiI[ HaxXunJIoOM OAHAa

KOJIM OJTHA COJIOMHHA 3HAXOIUTHCS 710 OHOT (pI/IC. 5)_
1] HAXUJIOM [0 1HIIOT

0,86

0.85 . MM

8.0 84 838 9,2 9.6 10,0

Bigcrtanp MK COJIOMHHAMHU 3Mi-
HroeTbest Big 0 1o 2p, a T Bim 0 mo 1.

VY Toulmi TMEepeTHHYy COJIOMHH WMOBIpHICTH HempocitoBaHHs 100%.
Otxe, 3arajibHa MMOBIPHICTh HEMPOCIFOBAHHS NJIsi IIBOTO BUMAJAKY, Oyje
BUTJISIATH
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pjz = (7)

netel0;1],ap e [0;2p].

I ayist ocTaHHBOTO BUMAAKY, KOJIU COJIOMUHU NIEPETUHAIOTHCSA (pUC. 6)
napameTp T Oyzae 3MeHmryBaTucs Bix 1 1o 0 Ha MOJIOBUHI PO3TIISTHYTOI -
JsHKH 1 30UtbmmyBatrcs Big 0 go 1 Ha iHmNM mojoBuHi, To0TO T = 0,51
[1;0)+ 0,5t (0; 1].

Ckaz10B1 piBHI MiXk C00010, OTXKE

pfs - _C’ (8)

net e (0;1],ap € [0; 2p].
JIist BUTIaKy, KOJM COJIOMHUHU TEPETUHAIOTHCS, MOOyayemMo Tpadik
P s : 3aJIEKHOCTI UMOBIPHOCTI MTPOCIFOBAHHS BiJl
BiZICTaHI MK cojioMuHam# (puc. 8).
['padix mokasye, 1m0 Tak camo, SIK B
MOMNEePEeTHHOMY BHUMAJKY 31 30UIbLICHHSIM
BIJICTaHI MIX COJIOMUHAMHU 30LIBIITYETHCS
WMOBIPHICTh MPOXOKEHHSI 3€PHIBKU MIXK
HUMU.
TakuMm YMHOM, MM OTpUMAajM 3HA-
} _ YEHHS HMOBIPHOCTEW JUIS BCIX PO3IJIAHY-
e e s e s w  TEX BHIAJKIB B3a€MHOTO PO3TALIyBaHHS

Puc. 8. 3anexuicts AMOBIPHOCTI ¢ ioNp ) @ caMe, KOTH COJOMHHH I1apa-
HpOClIOBaHHfI B1Jd B1ACTaH1 M1X

COTOMHHAMH s Tiepmoro Bumaaky, J1c/IPHI OUH OTHOMY (pI/IC 2), xomm ofHa
KOJIA COJIOMUHHU MEPETUHAIOTHCS 3 COJIOMHH 3HAXOJAHWUTHCA I KYTOM J0 1H-

Mix coboro woi (puc. 4), Koau 0OUIBI COIOMHUHU 3HA-
XOJIATHCS T KyTOM OJIMH JI0 OAHOTO (pHC. 5) 1 HAPEIITI MPHU MEPETHUHI CO-
JoMmuH (puc. 6). 3arajibHa UMOBIPHICTh BUXOsA4H 3 BUpasiB (5), (6), (7) 1
(8) Oyae BUIIISIIATH HACTYITHUM YMHOM [8]

p' = (r—°+ fe + rc + £ )/ 4= . (Tl0-5:1] Fo +2T[0‘5:1J +Ton) 9)
P Z—[0,5;1] P Z-(0§1]p Z-(Oil]'o 42—[0,5;1] T(0§1]p

p

oss - [IpoBeaemMo pPO3paxyHOK 3TiIHO
BUpasiB (9) 1 BU3HAYUMO BIPOTIIHICTb
HEIPOCIIOBAHHS, TOTIM 3a BHUCIOBOM

P, .=I-p' BH3HAYAEMO HMOBIPHICTb

MPOCIIOBaHHA, 1 Modyayemo rpadik 3a-
JICKHOCTI TIOBHOI HWMOBIPHOCTI MPOCIitO-
BaHHA BII BIJACTaHI MIDK COJIOMHHAMHU

0.84 P, MM (pI/IC 9)

0 Rt 3 pucyHky 9 BuAHO, 10 TIOBHA
Puc. 9. 3anexHicTh HOBHOT IMOBIp- pUCYHKY AHO, 1

HOCTI ITPOCIIOBAaHHS BiJ] BIICTaHI Mix ﬁMOBlleCTB IMPOCITOBAHHA 361J'IBH_Iy€TB-
COJIOMHMHaMHU JJIs IIEPIIOTo BUIIAAKY

0,85
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Cs1 31 30UIBIIEHHSIM BIJICTaHl MI’K COJIOMUHAMM.

Bucnosku.

1. BcTaHoBjeHO, 110 HAMOUIBII CIPUMHATHUM CIIOCOOOM MOOYAOBHU
MaTEMaTUYHOI MOJIENI MPOCIIOBaHHS 3€pHIBKU Kpi3b 1IAP COJIOMH € METOJ
r€OMETPUYHOT0 OOYHMCIICHHSI IMOBIPHOCTEH.

2. TloGymoBaHO MaTeMaTW4YHY MOJENIb MPOCIIOBAHHS 3€pHa Kpi3b
map 004iCaHOTO BOPOXY, SIKa BCTAHOBIIIOE 3aJICKHICTh MiXK HWMOBIPHICTIO
MIPOXO/KEHHS 3epHa KPi3b IIapy BOPOXY 1 BIACTaHHIO MK COJJOMHHAMH 3
ypaxyBaHHSM B3a€EMHOTO PO3TAIIyBaHHS COJIOMHUH 1 BiTHOIICHHSIM PO3Mi-
piB 3epHIBKH JI0 BIJCTaHI1 M)XK COJJIOMUHAMH, SIKa JJ03BOJISIE BCTAHOBHUTH, 10
y pa3i, KOJIM BiJICTAaHb MK COJIOMUHAMHU O1JIbIIIa JOBKUHU 3E€PHIBKH 1 JTia-
MeTpa COJIOMHHH, WMOBIPHICTh MpPOCIIOBaHHS 3epHIBKH ckiagae 0,875 3a
YMOBH, 110 BIJICTaHb M1 COJIOMUHAMH J0piBHIOE 10 MM.
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MATEMATHUYECKOE MOJAEJIMPOBAHUE BEPOATHOCTH
HHPOXOKJAEHHMA 3EPHOBKHU CKBO3b CJIOU
OBYECAHHOI'O BOPOXA

Jlexenxkuu U. A.

AHHOmalﬂl}l — B CTaThe HA OCHOBAHUH I10JI0KEHUH TECOPHUHN BEPO-
SITHOCTEH PaccMOTpE€Ha METOAUKA IMOCTPOCHUA MaTeMaTH4ecKod Mo-
A€JIN BEPOATHOCTH NMPOXOKIACHUA 3CPHOBKHN CKBO3b CJIOM 00YecCaHHOIO
BOpoxa € y4€TOM B3aMMHOI'0 pacCnoJ0k€Hud COJIOMMHOK, 4 TAK/KE MO-
ACJINPOBAHUSA I3TOTO0 IMpouecca.

MATHEMATICAL MODELING OF PROBABILITY
PASSING OF THE GRAIN THROUGH THE LAYER
OF THE COUNTRY VOROCHA

|. Lezhenkin

Summary
In the article, based on the provisions of probability theory, a
method for constructing a mathematical model for the probability of
grain passing through a layer of combed heap is considered, taking
into account the mutual arrangement of the straws and the modeling of
this process.



