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AHortauis

Meta gocrigxeHHs1 - 06rpyHTYBAaTHU CYHYaCHY OpraHi3alito TEXHIYHOI eKcriiyaTayli 3epHO36uMpasibHUX
KOMOAUHIB, IKa BMKOHYETBbCS MEPEXKEIO MapPas1e/IbHO YHKLIFOBAIbHUX JIaHLIOIB MacoOBOIro ob6c¢c/1yroBy-
BaHHS. [lpakTuyHuM pe3yibTaToM 6yae hopMyBaHHS MOAES TEXHIYHOrO KOHTPOJIKO BUMOI OKPEMUX CUC-
TeM, e CroyYaTKy BUPILLYBATUMETbCS 3 BUKOPUCTAHHSIM T€PMIHOJIOrII, MouiHATOI Teopii MacoBOro obc/iy-
roByBaHHS, Ta 6yaAyTb AABATUCS pekoMeHgaLil LLO4O KOHKPETHOIrO BUKOPUCTAHHS OTPUMAHMX PILLIEHb.

Meroan gocnig)xxeHHs1. MeTo0/10r4HOO OCHOBOK POBOTU € y3arasibHeHHS T4 aHas1i3 BiJOMUX Ha-
YKOBUX pe3y/IbTaTIB BiHOCHO Cy4YaCHOI opraHi3alil TEXHIYHOI eKCrilyaTaLlii 3epHOo36MpasibHUX KOMbaLi-
HIB, IKa BUKOHYETbCS MEPEXKEIO MaPAI€/IbHO (DYHKLIIFOBASIbHUX JIAHLIKOMB MaCOBOIro 0O6C/1yroByBaHHS, Ta
BUKOPUCTAHHS aJITOPUTMY PO3M0A4L7TY BUMOI | TeEOPII MacoBOro ob6¢C/1yroByBaHHS. [1/19 pOpMyBaHHS HaY -
KOBOI rpo6s1eMu, BU3HaYEHHSI METU | MOCTaHOBKM 3a4aY AOC/IAKEHHS BUKOPUCTOBYBABCS aHa liTUYHNI
MeTo | MOPIBHAIbHMM aHas1i3. [/1 CTBOPEHHS eMITipUYHMX MOoAesies BUKOPUCTaHI OCHOBHI IMOJIOMKEHHS
TEeopii MacoBOro o6C/1yroByBaHHS, CUCTEMU CTALIOHAPHMX OOC/1yroBYyBaJIbHMX arapaTiB, 6JI0K-CXeM asi-
ropuUTMYy PO3roal1y BigMOB.

Pe3ynbTatv 4OC/IAXEHHS. Y CTaTTi pO3r/IS4a/IMCh AaHl, SKI MPUMHATO BBAXKATH, LLJO CyYaCHa opra-
HI3aLis TEXHIYHOI eKCrisiyaTalii KOHTPOJ/IO MpaLe34aTHOCTI 3€PHO301PasIbHMX KOMOAVHIB BUKOHYETbLCS
Mepexxero, IKa CK/1IaAAa€ETbCS 3 KIHLI@BOIro YMCsia rnapasiesibHoO yHKLIOBAIbHUX JIaHLOrNB MaCcOBOro 06-
C/1YroBYBAaHHS 3 MOpSaKOBUMU HoOMepamu £=1,2,3,...,.B. ¥ mepexxy y BurnagKkoBi MOMEHTMH 4acy i3 30BHILLI-
HbOro Axepesia HagxoasiTb BUMOri 06C/1yroByBaHHS.

Po3zrnisgasavcs nuTaHHS BuMGoOpY JsaHUtora A/ 06C/1yroByBaHHS BUMOrn, OCKIZIbKU KOXXEH JIaHLIOr
rpPU3HaYeH 4159 BiHOBJIEHHS TIEI Y IHLLIOI MOAETI MALLMHM BUKOHAHHSIM TOIMO Y [HLLUOMO BUAY TEXHIYHO-
ro KOHTPOJIHO MPAaLE34aTHOCTI 3€PHO36MPA/IbHOrO KOMbGariHy, BUOID /IaHLOra BU3Ha4YaBCs rnapamMeTpamm
w, [ & 3a9BKaMU, SKI HAQIVLLI/IN. 38 TaKMX YMOB YPaXOBYBAJIOCh, LLO 3araslbHa KiJIbKiCTb JIAHLIOTB MaCOBOIrO
06C/1yroByBaHHS B, sk rpaBuio, MeHLUa Bif KiJIbKOCTI BUAIB TEXHIYHOrO KOHTPOJIO 1PaLe34aTHOCTI Ha
KIJIbKICTb MOAe/1em 3epHO30MPAsIbHUX KOMOAVHIB Y NMapKy & OCKI/IbKU B O4HOMY | TOMY XK JIQHLIOTY MOXKE
BUKOHYBATUCS TEXHIYHMI KOHTPOJIb AEKI/IbKOX BUAIB | MOAEsIeN 3epHO36MPASIbHUX KOMOAHIB. [1/19 KOX-
HOIro KOHKPETHOIro BUNaaKy OpraHi3alii Mepexxi TeEXHIYHOI ekcrislyaTalii BiarnoBiaHO 4O MpuuHSTOI crielia-
J1i3aLiT OKpeMUX JIaHLIOrB MOXKE Oy Ty CKIaAeHa MaTpuLs BUOOPY JIaHLrora 471 06C/1yroByBaHHS 3asBKU
33 i napametTpamu w i & AHAIOMYHE MATPULIS, B SKIV KOXHIV 11apl MOX/INBUX 3HAYEHb BiAMOBIAAE LII/TKOM
MeBHMV HOMEP JIaHLIora € Moxxe 6y T J1erko rnobygoBaHa 4715 6yAb-sIKOro KOHKPETHOro BUNaaKy 3aaaHor
opraHi3auii Ta crneyiaaizalii Mepexxi TEXHIYHOI eKCrisiyaTalil 3epHO36MpPasIbHNX KOMOAVHIB.

BUCHOBOK. Y pe3ysibTaTi MpoBenAeHuX [OC/IAXEeHb OTPUMAaHO HOBI HayKOBO OOrpYyHTOBAHI Tex-
HIYHI T@ TEXHOJIOMYHI PILLEHHS | MATeMaTUYHI MoAesll, SKI CrPSIMOBAaHI Ha MiABULLIEHHS €pheKTUBHOCTI
DYHKUITOBaAHHS BUPOOHMNYMX MPOLECIB BIAHOBJ/IEHHS MpaLe34aTHOCTI 3epHO306MPasIbHUX KOMOAaKHIB y
CI/IbCbKOIrOCroAapCbkuxX MigrnpmuemMcTeax. MoaestoBaHHSI TEXHIYHOIO KOHTPOJIO BUMOI OKPEMUX CUCTEM
3epPHO36MPAasIbHOro KOMOAaVIHy CrloYaTKy BUPILLYBATUMETLCS 3 BUKOPUCTAHHSIM TE€PMIHOIOrIL, MpunHATOI
TEOpPIiErD MacoBOro 06C/1yroByBaHHS, Ta 6yAyTh AABaTUCS pPeKoMeHAauUll LLjog0 KOHKPETHOro BUKOPMU-
CTAHHSI OTPUMAHMX PILLIEHb.
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OTpuMaHo Mofesib 3aMKHYTOI CUCTEMU MaCOBOro O6C/1YrOBYBAHHS, K@ MOXE Oy TY BUKOPUCTaHA
715 Ormcy poboTy CTaLiOHaPHOI ManiCTePHI, CreLiasi30BaHOoro Lexy, 3aBosdy, MyHKTY, 30HU TEXHIYHO-
ro o6¢/1yroByBaHHS TYMMKOBOIro Turly abo IHLLIOI CYKYNHOCTI 30CepenxeHmx CTalliloHapHMX 06C/1yroBy-
BaJ/IbHUX anapaTiB 3a JOBI/IbHOMO 3aKOHY PO3M0AI/TY Yacy OOC/1yroBYyBaHHS.

Knro4oBi cnoBa: 3aMKHYTa CUCTEMa MacoOBOro o6C/lyroByBaHHS, BUMOra, 3epHO36MpasibHM KOM-

6aviH, Mogesib, rpaLe3nqaTHICThb.

Bceryn. PosriisiHeMo OOMH 3 MOXJIMBUX
OKpeMHUX BUITAJIKiB, 3a SIKOTO MOTOYHIi 3asiB-
JIEHI TEeXHiIYHi KOHTPOJIi 3epHO30MpaIbHUX
KOMOAaiHIB ycix Mojejieili BUKOHYBAJIMCS B
OJHOMY 1 TOMY X JIQHIIOTY TE€XHIYHOI €KC-
mayatanii [Kuzmich, 2021], 3 nmopssakoBUM
HoMepoM &=1, morouHi tutaHosi (IIIT) Ta
cepenHi (C) TexHiYHi KOHTPOJIi 3€pHO30U-
palbHUX KOMOaWHIB ycix Mopeneil y JiaH-
LIOTY €=2, MOIMNOBHEHHsS IapKy MalllMHAMU
BCiX Mopesei i 30KkpeMa 3epHO30MpaIbHUMU
KoMmbOaitHamu 3amicTh crimcaHux (C), 3aiiic-
HIOETBCS OJIHIEIO 1 TIEIO X IHCTAHIIIEIO, TI0-
3HAYEHOIO iHAEKCOM €=3, a JJISI PEMOHTY
(K) 3epHO30MpanbHOro KoMbaiiHa opraHi3o-
BaHi Creliajli3oBaHi JaHUIOTU 3 HOMEpaMu
£=4,5,6,...,.E+3, ne E — xinbkicTs Moneei
MalllMH Yy 3MilaHomy mnapky [Nazarenko,
2020].

bnok-cxema aaroputMy MOJIEJIIOBaH-
Hs1 OOCJIYrOByBaHHSI OJHOPiIIHMX BUMOI B
OKpeMili 3aMKHEHiil cucTeMi MacoBOro 00-
CJIYyTOBYBaHHSI 3€pHO30MpaIbHUX KOMOAMHIB
[Rogovskii, 2019]. PosriasiHeMo aeTaibHille
CUCTEMY, MpPHU3HAYEHY [JsI MacoBOro o00-
CJIYTOBYBaHHSI pi3HOpigHMX BuUMoOr [Biaou,
2016], 9K CKJIagoBYy YaCTUHY CKJIAIHOI CTO-
XacTUYHOI Mepexi [Zubko, 2022]. Cucrema
CKJIAJIAETBCSI 3 HEPYXOMHUX OOCIyrOBYBaJlb-
HUX arapartiB, 30CEPEIKEHUX B OAHIN TOYILI1
npoctopy [Voinalovych, 2020].

bnok-cxema (R) aaroputMmy po3NOILTY
BUMOT, SIKa B 3araJlLHOMy BMIIQAKy BM3HAyae
HOMEp JIAHIIOra JjIsi OOCIyTOBYBAaHHSI KOXHOI
BUMOTHY ¢ — 3a JAQHWMM BiIIOBIIHOI MaTpHL
[Hrynkiv, 2020], sixa po3misiia€Thbes, i mapame-
TpaMU 3as1BKU w, 1 § HABEIEHO HAa PUCYHKY 1.

biok-cxemu  anroput™my  (QopmyBaH-
HSI BXiIHOTrO IOTOKY BHUMOr (A Ta pPO3-
noaiibyoro 0Joky (R) mist KoxHOI 3asiBKU
OTpUMYE BcCi HeoOxigHi mapameTpu [Najafi,
2017] nist Toro, 100 MepenT 10 CKiaagaHHs
OJIOK-CXeM aJITOPUTMiB MOJIEIIOBaHHS 00-

Edition
30 (44)

Technical and technological aspects of development and testing of new machinery
and technologies for agriculture in Ukraine

CJYyTOBYBaHHSI BUMOI B OKPEMHMX CHUCTEMax
[Partko, 2020].

OauH i TO# ke aJIrOpUTM MOXKe OYyTH BU-
KOPUCTAaHUM 1JIsI MOJETIOBAHHSI TEXHIYHOIO
KOHTPOJIIO 3€pPHO30MpPaIbHUX KOMOAWHIB y
pizHux MaictepHsx [Mozharivskyi, 2022],
Ha 3aBOJAX, IyHKTaX TEXHIYHOro 0OCIyroBy-
BaHHSI a00 HaBITh UISI OMMUCY ACSIKUX IHIIUX
BUpoOHMYMX mpoueciB [Rogovskii, 2022].
Tomy npuiimaemo, 10 Hazadi y BUKJIAIi
3aBIaHHSI MOJEIIOBAHHS TEXHIYHOIO KOHTp-
OJII0 BUMOT OKPEMHUX CUCTEM CIOYATKY BUPi-
LIIyBaTUMETbCSI 3 BUKOPUCTAHHSIM TEPMiHO-
Jorii [Nazarenko, 2020], mpuiiHSATOI Teopii
MacoBoro obcayroByBaHHs1 [Palamarchuk,
2021], Ta OynyTh AaBaTuCSl peKOMeHaallii
1I0JI0 KOHKPETHOIO BUKOPUCTAHHSI OTpUMAa-
HUX PIllICHb.

ITocTtanoBka 3aBmanb. Mema Odocnioxcen-
Ha — OOIpPYHTYBAaTHM Cy4acHy OpraHisaliro
TeXHIYHOI eKCIUIyaTallii 3epHO30MpabHUX
KOMOaliHiB, sIka BUKOHYETbCSI MEpeXel Ia-
pajieJIbHO (PYHKIUiIOBAJIbHUX JIAHLIOTIB Maco-
BOro oociryroByBaHHs. I[IpakTMYHUM pe3yiib-
TatoM Oyne (popMyBaHHSI MOJIEJIi TEXHIYHOTO
KOHTPOJIIO BUMOT OKPEMUX CUCTEM, 1€ CIO-
YaTKy BUPILIYyBaTUMETbCS 3 BUKOPUCTAHHSIM
TEPMIHOJIOTII, MNPUUHATOI TEOpil MAacCOBOIO
00CIyroByBaHHS, Ta OyIyTb JaBaTUCSI PEKO-
MEHJalii 11040 KOHKPETHOTO BUKOPUCTAHHS
OTPUMAaHUX pillleHb.

Metoau i Matepiaiu. MeTOIOJIOTIYHOKO
OCHOBOIO pOOOTM € y3arajJbHEHHsS Ta aHali3
BIIOMMX HAYKOBUX PE3YJbTaTiB BIATHOCHO CYy-
YacHOlI OpraHi3allil TEeXHIYHOI €KCILIyaTallil
3epHO30MpabHUX KOMOAliHIB, sIKa 3IilACHIO-
€ThCSI MepeXkew Mapaje/ibHO (DYHKIIiIOBaJIb-
HUX JIAHIIOTiB MAacoOBOro OOCIYroByBaHHS,
Ta BUKOPMCTAHHS aJITOPUTMY PO3IOJILTY BU-
MOT i Teopii MacoBOro oocjyroByBaHHs. J1is
(bopMyBaHHSI HayKoBO1 MHpoOJeMU, BHU3HA-
YEeHHsI METH i TOCTAHOBKM 3a/1a4 JOCiIKEH-
HSI BUKOPMCTOBYBABCSI AHAIITUYHUIA METO
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PucyHok 1 - Bnok cxema (R) anroputmy po3noainy BiaMOB
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Ta TOPIBHSIbHMIA aHaji3. [Ijisi cTBOpeHHs
eMIIIPUYHUX MOJAEJIIEU BUKOPUCTAaHI OCHOBHI
MOJIOXKEHHSI Teopili MAaCOBOIO0 OOCITYrOBYBaH-
HsI, CUCTEMM CTalliOHAPHUX OOCIYrOBYBaJlb-
HHUX arapartiB, OJIOK-CXeM aJITOPUTMY PO3I0-
ainy BigMoB (puc. 1).

PesynbraTi. Anaparty IMpauioTh 7, 3a
3MiHAMU TPUBAJICTIO /, TOAMH LIOMAHS, KPIM
BUXITHUX Ta CBITKOBHUX JIHIB.

Y BumagkoBi MOMEHTH KaJleHIApHOTO
yacy 7, B CHMCTEMY i3 30BHIIHBOTO [Kepesia
BuMor (7/=T) abo Bix monepeaHbOI MOCITi-
JOBHO 3’eiHaHuX cucteM (7> T) HanxonaTh
BUMOTH. SKIlO € BUJIbHI amapaTu, TO BUMOTa
HEeramHo TNPUUMAETHCI A0 OOCIYyrOBYBaHHS
1 3aiiMae oguWH 13 BUIBHMX arapariB 3 Hal-
MEHILIMWM TOPSIAKOBUM HOMepoM. AKIo 06-
CJIyTOBYBaJIbHI amapaTy 3aiHsITi, TO BUMOTa
IUIAHYETbCS OO0 OOCIYrOBYBaHHSI TUM arla-
paToM, SIKMI MEpILIMM 3BiIIbHUTHCS 1 3aJIu-
LIUTbCS B CUCTEMI IOTU, TOKU He Oyae MoB-
HICTIO 0OCTy>XeHa (CUCTEMa 3 OYiKyBaHHSIM).

Cucrema mnpu3HauyeHa [Jisi OOCIYroBy-
BaHHSI €JIEMEHTIB e THUIIiB, $dKi TIepiogny-
HO MOTpeOyIOTh OOCIYroByBaHHS 0 BUIIB, 3
w=1,2,3,...,e i £=1,2,3,...,0, 0 — NOPSIAKOBI
HOMEpM TMIIiB, €JIEMEHTIB Ta BUIB 0OCIY-
roByBaHHg. Bigomi 3aKoHM po3Moiiy 4yacy,
3aTpauyyBaHOTO BUKOHAHHSI OOCIYroBYBaH-
HS KOXHOI'O BHUIY €JI€MEHTa KOXHOIO THUITY
f(tOwE). IIpuitmaeTbcst, 110 OOCTYrOBYBajb-
HI amapaTtyd [il0Thb O€3BIAMOBHO MPOTSITOM
ycboro (yHkuitoBaHHs cucteMu. IloTrpidHO
BU3HAYUTU €(PEKTUBHICTh CUCTEMU OOCIIy-
rOBYBaHHSI 3a 3aJaHOl KiIBKOCTI 0OCJIyro-
BYBaJIbHUX amnapaTiB. K KpuTepil OLIIHKU
€(eKTUBHOCTI CUCTEMU OOCIYyTrOBYBaHHSI BU-
OpaHO CepeaHI0 KUIbKICTb €JIE€MEHTIB KOX-
HOro TWUITy B OYiKyBaHHi OOCJIyrOBYBaHHS
[ (cepemHs DMOBXWHA 4Yeprv) Ta KOedillieHT
BUKOPUCTAHHSI OOCJYyrOBYBaJbHMX allapaTiB
k,, SIKi BU3BHAYAIOTLCA 32 (POPMYJIaMMU:

(1

T,
l, =;—“’,Hpuw= 1,2,3,...,e
P

TO
2
sTp

ko = @)

ze ]; — pobouuii yac (yHKIIiFOBaHHS
CUCTEMM BIiJl TIOYATKy BIJIIKY OCTAaTOYHO
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aHaJIi30BaHOrO Iepiony;

T, — cymMapHUi 4ac MPOCTOI €JIEMEH-
TiB KOXXHOTO TUITY B OYiKyBaHHi OOCJTyroBY-
BaHHS 3a 4ac (PYHKIIiIOBAaHHS CUCTEMM, €Jie-
MEHT-TO/;

T — cymapHuii 4Yac OOCIIyrOByBaHHSI
€JIEMEHTIB yCiX THUIIiB yciMa OOCJIyroByBaJlb-
HUMM anapaTaMu IIiJ 4ac (QyHKUiIOBaHHS
CUCTEMM, anapaT-rof.

3aBAaHHSI BUPILIYEThCI c1OocOOoM MoOH-

te-Kapio. BuxinHumMu gjanuMu 1Jist MOAEIO-
BaHHSI OOCJIyTOBYBaHHS i-1 3asIBKU € BeJIM-
YUHMU, OAEPKyBaHI Ha BMUXO/I1 IOIEPEIHBOI 3
YHCJa MOCIIA0OBHO 3’€IHAHUX Y MEPEeXi CUC-
TeM MacOBOI'0 OOCIIYTOBYBaHHS:
T, T', — KajeHIapHi MOMEHTH 4Yacy BHU-
HUKHEHHS Ta HAAXOIXXEHHS i-1 3asgBKM Ha
00CJIyTOBYBaHHS €JIEMEHTA TUITY w Y PO3TJIsI-
HYTY CUCTEMY MacCOBOT'O OOCIyrOBYBaHHSI;

¢, — BUI i-1 3a51BKH,

¢, — TIOPSIIKOBMIA HOMEP JIaHLIIOra Maco-
BOT'O OOCJIyrOBYBaHHSI, IKOMY 1Sl 3asiBKa a-
pecoBaHa.

IIpuitmemo, 1110 y CIUJIBHIN Mepexi ma-
COBOIo 0OCIYyroByBaHHS aHaJli30BaHA CUCTE-
Ma HaJIEXUTb 10 JIAHIIOTa, MA€ MOPSIAKOBUIA
HOMED &. SIKIIO ¢=¢ Ta i-a BUMOra HalIxo-
JIWUTb Y POSLISHYTY CUCTEMY; SKIIO €#€, TO
BUMOIa MEpPeJaETbCcsl B OOCAYrOBYBaHHSI B
IHIIWIA, TIapajeJbHMiA JIAHIIOT MAacCOBOIO
00CJIyroByBaHHS. BuXigHUMU maHUMU IS
MOJICJIIOBaHHS € TaKOX TaKi pe3yJabTaTu MO-
JeJIIOBaHHST 00CIIyTOBYBaHHSI ITOMNEPEIHBOTO,
3 4yuciia OOCIYyroByBaHMX ILII€EI0 CHUCTEMOIO,
n-T0 BUMOTHU (# < i—1,sq=e):

T ; o — MOMEHT poboyoro yacy Haaxo-
JDKEHHS #-1 BAMOTU [0 CUCTEMMU;

T,, — 4Yac, TMPOTATOM fKOro, MOYMHAI0-
YM 3 MOMEHTY HAJIXOMXEHHS #-1 BUMOTIH,
KOXXEH OOCJIyroBYBaJIbHUI arapaT Oyae 3a-
WHATUI OOCITYyroBYyBaHHSIM BHMMOT, $Ki pa-
Hille HaIlinUIM, BKIIOYAIOYU #-Y BUMOLY
(=1,2,3,...,);

T’W npu w=132,3,...,e — CyMapHUit uac
MPOCTOI0 €JIeMEHTIB KOXHOIO TUIY B OYiKY-
BaHHi O0OCJIyTOBYBaHHSI HaIillILUIM B CUCTEMY
#-X BUMOT 3a Yac 3 MOYaTKy BIUIKY 1O I1O-
4yaTKy OOCJIyTOBYBaHHS #-1 BUMOTH,

T o CyYMapHUIA 4yac, HeOoOXigHUIA s
TOro, 1100 MOBHICTIO OOCIYXXUTH BUMOTIH,
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Kl HaOIWIUIA B CUCTEMY #-1 BUMOTH,

6, — MOMEHT poboYoro 4vacy, B SKWM
3aKiHUYY€ETbCS MPOCTii B OYiKyBaHHi 0OCJy-
TOBYBAHHSI 1 MOYMHAETHCS OOCITYTOBYBaHHS
BUMOT, $SIKi paHille Hamiman®;

T" ,T" — MOMEHTH poOOYOro Yacy Haj-
XOJIDKEHHS 10 CUCTEMU Ta BUXOMY i3 CUCTeMU
MOIepeaHIX BUMOT.

JI1s1 mepiioro MpopaxyHKy CIelialbHU-
MU MpPOrpaMHUMM NPOAYKTAMM yCi HaBeIeHi
BUXIJHI JaHi NIPUHAMAIOTLCS PIBHUMHW HYJIIO.
PosrisiHeMo cnoyaTKy BMIIQAOK, KOJIM i-Ta
BUMOIa HAAXOAUThb IJisI OOCIYyrOBYBaHHS Yy
o cucremy (e =¢). Toni MonenoBaHHs 00-
CJIyTOBYBaHHS 11i€l BUMOTM BUKOHYETbCS Y
TaKii MOCJITOBHOCTI:

- BU3HAYAIOTbCS MOMEHTU poOOYOTO
yacy BMHMKHEHHS i-1 BUMOTH Yy JKepesi Ta
MOro HAAXOJKEHHS 10 aHaJIi30BaHOI CUCTe-
mu (7,17 ); ,

- PO3PAXOBYETBCS YaC 7', MPOTSTOM SIKO-
ro KOXEH arapar, IOYMHAl4Yd 3 MOMEHTY
T ; ,»OV€ 3aiHATHIA OOCIyrOByBaHHSIM I1O-

MepeaHix BUMOT, BUKIIIOYAIOUM i-y BUMOTY

T}y = (Tnj = Tpai + Tym)+» (142)f = 1,2,3, ..., .

IMpuyomy, y wmii dopmyni 1 gani
(%), =max(x;0);

BU3HAYAETHCSI MOPSIAKOBUI HOMEp ara-
paty O, obOpaHOro sl 0OCJIYyroByBaHHS i-1

BHMOTH 3TITHO 3 YMOBOIO

!
1]’
(3)
j=12,3,..,s.

3a KiJIbKOX HYJIbOBUX 3Ha‘IeHbT'l.j BUOMpa-
€TbCS amapaT i3 HaWMEHIIMM MOPSIKOBUM
HOMEPOM;

- (PiKCYeTbCSI 4Yac, MPOTITOM SKOro i-a
BUMOra YeKaTuMe OOCITyrOByBaHHS T’ ;

- BiIMOBIAHO 10 3aKOHY PO3IOIIY 4Yacy
00CJIyTOBYBaHHsI BUAY & €JIEMEHTIB TUIY w,
BU3HAYAETHCSI BUIIAJAKOBA peallizallis 4acy
00CJIyTOBYBaHHS i-1 BUMOTH;

- BU3HAYAETHCSI Yac, IMPOTSATOM SIKOTO,
MOYMHAIYU 3 MOMEHTY HAaIXOMIXKEHHS i-1
BUMOI'M, KOXEH amapar Oyae 3alHsATUIA 00-
CJIYTOBYBAaHHSIM BCiX BUMOT, {Ki HamIALLINA
paHillle, BKIOYa4u i-y

T/, = Mint
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Tij = TL{j + tois
J=a T =T
j# a,n0pu (144)j = 1,2,3, ..., s.

- pO3paxOBYEThCS CyMapHM 4ac, He0O-
XigHU# 111 00CyroByBaHHS BCiX BUMOT, SIKi
HaOIAIIA paHille, BKIOYAUn i-y

r ! .

Toi = Ton + toi (4)

- BU3HAYAETHCS CYMapHMUIA 4ac MPOCTOIO
€JIEMEHTIB KOXXHOIo TMIy B OYiKyBaHHiI 00-
CJIYTOBYBaHHSI BCiX BUMOT, SIKi HaIIAIIIMA pa-
Hillle, BKJIIOYAIOUM i-y

/

, L] —
T nwn + Tigy W = Wi

nwi — I

()
3a w=1,2,3,...,e

3a r=1,2,3,...,n B naM’dTi MallMHU MicC-
TATbCS TIJIBKU 3HAYEHHS GW, T, T , xox-
He 3 sikux > T .

- 3HAXOAUTHCI MOMEHT pPOOOYOro yacy
MMoYaTKy OOCIYTOBYBaHHS i-1 BUMOTH

— 7! .
- pri + Tia>

wr?

pri

(6)
- PpO3pPaxOBYEThCSI MOMEHT pPOOOYOTro

qacy, KOJI1 O6CJIy}KeHa [-a BUMOra 3aJIMILIUTD
CUCTEMY

Tpwi = Bwi + toi; (7)
BU3HA4YarOThCA CyYMU:

Fyi = Z(n)(epwr - Tpi)+: (8)
Gupi = Z(r)(Tz;wr - Tpi)+a (9)
Hy, = Z(r)( z;iur - Tpi)+: (10)

mpu;w = 1,2,3,...,¢e

- pPO3paxXOBYETbCS CYMapHUI dYac Ipo-
CTOIO €JIEMEHTIB KOXKHOTO TUIY B OUiKyBaHHI
00CIyrOBYBaHHS 3 IOYATKy BIJIIKY 1O MO-
MeHTY T, BAHUKHEHHS B [KEPEJ i-1 BAMOIU

Thwi = Triwn — Foi + Gois (11)

mpuw =1,2,3,...,¢e

- BM3HAYa€ETbCI CYMapHMIi 4ac poOOTH
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00CJIyroByBaJIbHMX arapariB 3 IOYaTKy Bija-
JIIKy 10 MOMEHTY TI.BI/IHI/IKHeHHH B JKepedi
i-1 BUMOTHU

T, = To,n + 25):1(Fwi - Hwi): (12)

- BU3HAYAETHCSI MOMEHT KaJCHIApPHOIO
yacy, B KW OOCJy)keHa i-a BMMOTa 3aJIu-
mInTh cuctemy 717 .

Ha mpomy 3akiHUyeThCS MOIEIOBAHHS
00CJIyroByBaHHsl i-1 BUMOru. 3HayeHHs 7,
T, Tp » 3aIACYIOThCS, a 3HAYEHHS GW; T ; o
T ’; ., KOXKHE 3 IKHX OijIblIe Tpi BUKJTIOYAIOTh-
Ccd 3 IMaM’sITi MNEePCOHAIBLHOIO KOMIT IOTepa.
ITotiMm mepexomsdTh 10 MOJETIOBAHHS 00-
cilyroByBaHHs1 (i+1)-i BMMOTM, BUXiIHU-
MU JUISL SIKOTO € pe3yJbTaTy, OTPUMaHi Mif
yac MOJEJIIOBaHHSI OOCIYyroByBaHHS i-1 BU-

4 4

. [A— oV} . — . —
MOTH. pri pr,t1+i’ Tij Tq+ 1 ,/') ’ nwi nw,nt1°
=7"" "9 =g VT =17
0i ont+1? pwi pw,nt1? wi pw,nti’

MowmeHnt KanenmapHoro 4dacy 71° , y dKui
0o0cCJTyXXeHa i-a BUMOra 3aJJMIIUTh PO3IJISTHY-
Ty CUCTEMY, OJHOYACHO € MOMEHTOM Haj-
XOJKEHHS Ti€l caMOl BMMOTM B HACTYITHY 3
YucIa MOCIiI0OBHO 3’ €AHAHUX Y JIAHIIOT CHUC-
T€M MacCOBOI'0 OOCIYrOBYBaHHSI.

AxK1o BUSIBUTHCS, 11O i-a BUMOIa HAaaX0-
IUThb 11 OOCIYTOBYBaHHSI HE B PO3IJISTHYTY,
a B iHINY, IapajejbHO BBIMKHYTY CHUCTEMY
(e#¢€), TO B CHCTEMi BCE OOHO HEOOXiTHO
«IIpOTpaTh» 4Yepe3 MpOorpaMHMIA MPOAYKT Ha
1K nopanbmuii mpouec oOCIyroByBaHHS,
dKl1 paHille HamiAlLIA BAMOIM aX OO0 MO-
MEHTY KaJICHIApPHOTO Yacy BUHUKHEHHS B
Jxepedi i-1 BuMoru. Lle HeoOximHO a1 Toro,
1100 BM3HAYUTU CYMapHUM 4Yac 3HAXOMXKEH-
H$ BCiX BUMOT, SIKI HAOIUIIUIA paHille, Y BCiX,
napajieJibHO BBIMKHYTUX CUCTeéMaX MacOBOTO
00CJIyTOBYBaHHS 3 IOYaTKy BiIiKy 10 OJ-
HOTIO i TOrO X, OAHAKOBOIO JIJISI BCIX CUCTEM
MoMeHTy 4acy 7. MozenoBaHHsI TIOYMHA-
€TbCs 3 (popmyu (8) i MOTIM MTPOTOBXKYETHCS
TaK caMo, sK i JJIs BUMAJKY €= ¢. biok-cxe-
MY MOJEIIOBAJIbHOTO aJITOPUTMY HaBEACHO
Ha PUCYHKY 2.

SAKiIo &#¢, TO MICHS 3aKiHYEHHST MOJE-
JIIOBaHHSI OOCJIyTOBYBaHHSI BUMOT B iHTepBa-
ai (7, ;T) HOBUX BUXIIHMX JaHUX yCEPEIUHI
CUCTEMHU JJIsI MOAETIOBAHHS OOCIYyroBYBaH-
Hs 4yeproBoi (i+1)-1 BUMOTH HE YTBOPIOETh-
cs. SIK Taki 1aHi aBTOMaTUYHO MPUMAIOTh-
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Ccs J1aHI, BX€ BMKOPMCTaHI Y MOJEIIOBaHHI
obcyroByBaHHs i-1 Bumoru (6 ; T° - 1"
T,an; T,oq'

Oorosopenns. I[lopsimok mnpu3HaAYEHHS
BUXITHUX JaHUX JJIsI MOJEIIOBAHHS JOKJIaMd-
HO OIMCaHuM, W00 Aaji g 4Jac po3rjsay
OJI0K-CXEM MOJEIIOBAJIbHUX AJITOPUTMIB JIe-
TaJIbHO HAa LbOMY IHWTAaHHI HE 3YIMUHSITUCS
[Rogovskii, 2019].

ITicnst 3akiHYEHHSI MOIEJIOBAaHHSI 00-
CJIyTOBYBaHHSI IlepeAdayeHUX MPOrpaMolo
BuUMoOr k, orpumani pesymnpbratu 1T =T ;
w=1,23,...,e; T =T i Tpk=7; BUPILIYIOTh MO-
cTaBjieHe 3aBaaHHs 3a popmynaamu (1) Ta (2).

OTpuMaHO MOJI€JIb 3aMKHYTOI CHUCTE-
MU MacoOBOTO OOCJIYroBYBaHHS, SIKa MOXeE
OyTM BUKOpHCTaHaA ISl OMMCY POOOTHU CTa-
I[IOHApHOI MaKCTepHi, Cchoeuiajai30BaHOTO
1IeXy, 3aBOAY, IYHKTY, 30HM TEXHIYHOIo 00-
CJIYTOBYBaHHS TYIIMKOBOIO TMNy a0o0 I1HILOIL
CYKYIHOCTI 30CEepeIKEHUX CTalliOHAPHUX
00CJIyTOBYBaJIbHUX arapaTiB 3 JIOBUIbHUM
3aKOHOM PO3MOAIIY 4Yacy OOCIyroBYBaHHSI
[Nazarenko, 2020].

BucHoBKu. Y pe3ysbTaTi MPOBEICHUX O0-
CIIiI>KeHb OTPMMAHO HOBI HAYKOBO OOIPYH-
TOBaHI TEXHIYHI Ta TEXHOJOTIYHI pIIIeHHS
1 MaTeMaTW4HI MOJEl, SKi COpsSIMOBaHI Ha
MiABUILEHHS €(PeKTUBHOCTI (PYHKIiIOBaHHS
BUPOOHMYMX IPOLECIB BITHOBJIEHHS IIpa-
1Ie34aTHOCTI 3epHO30MpabHMX KOMOaliHiB
Yy CLIbCBKOIrOCHOAAPCHKMUX MiANPUEMCTBAX.
MopentoBaHHS TEXHIYHOTO KOHTPOJIIO BUMOT
OKpEMUX CHUCTEM 3€pHO30MpPaIbHOTO KOM-
0aifHy cmoyaTKy BMpILIYBaTUMETbCSI 3 BU-
KOPUCTAaHHSM TEPMIHOJIOTil, TTPUIHATOI Te-
OpIi€I0 MAacoBOro 0OCIYroByBaHHSI, Ta OYOyTh
JaBaTUCS peKOMEeHAallil 10J0 KOHKPETHOTO
BUKOPUCTAHHS OTPUMAHUX PillIeHb.

ITicns 3akiHYEHHSI MOJIEIOBAaHHSI 00-
CJIyTOBYBaHHSI IlepeAdayeHUX MpPOrpaMolo
BuUMoOr k, orpumani pesympbratu 1T, =T ;
w=1,23,.,e; T =T i 7;k=7; BUPILLIYIOTh
MOCTaBJICHE 3aBIaHHSI.

OTpuMaHO MOJEJb 3aMKHYTOI CHUCTEMU
MacoOBOIo OOCIYrOBYBaHHSI, sIKa MOXe OyTu
BUKOpPHUCTaHA [JisI OMNKUCY POOOTH CTallio-
HapHOI MaWCTEpHI, CHeliali30BaHOTO 1IEXY,
3aBO/ly, MYHKTY, 30HM T€XHIYHOIo OOCIYyro-
BYBaHHSI TYITMKOBOIO TUITY 200 1HILIOI CYKYM-

pwr’ pwr’
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19
Ipwi (128) T wi (127) 24
A
v 2 18 MopiBHAHHA
I pwi (128) 3anuc Trwi, Toi Tpi T pur>Tpi
y A
17
. 25
. Toi (153) BuHAmMOK i3 nam’ami
MopiBHAHHA i ., )
EI=E
Trwi (152)
A
8 MopiBHAHHA
T (143) Huwi (151) T pwr>Tpi
A
v 5 14
a (143) Vwi (150) 23
i BuHamok i3 nam’ami
v 6 13 T’ pwr< Tpi
dikcauia T'ij > Fuwi (149)
A
v 7 12
®dopmysaHHA toi T pwi (148) MopiBHAHHA
A Bpwr>Tpi
Y 8 11
Tij (144) Bpwi (147)
A 2]
v 9 10 - -
L o BuHamok i3 nam’ami
Toi (145) > Tnwi (146) Or< Toi

PUCYHOK 2 - Bnok-cxeMa anropmutMy MoaentoBaHHS 06CyroByBaHHS BUMOI CUCTEMOK CTaLLIOHAPHUX
obcnyroByBanbHUX anapartis (610K A )

HOCTI 30CEpEIKEHUX CTalllOHApHUX OOCITy-
FOBYBAJILHUX amnapariB 3 TOBLJIBHUM 3aKOHOM
po3noiiy yacy o0CIyroByBaHHSI.
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Summary

Purpose of the study. The aim of the work is to substantiate the modern organization of technical

operation of combine harvesters, which is carried out by a network of parallel-functioning queuing
chains. The practical result will be the formation of a model of technical control of the requirements
of individual systems, which will initially be addressed using the terminology adopted by the theory of
queuing, and recommendations will be given on the specific use of the solutions.

Research methods. The methodological basis of the work is the generalization and analysis of
known scientific results regarding the modern organization of technical operation of combine harvest-
ers, carried out by a network of parallel queuing chains, and the use of requirements division algorithm
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and queuing theory. Analytical method and comparative analysis were used to form a scientific prob-
lem, determine the purpose and set research objectives. When creating empirical models, the main
provisions of the theory of queuing, systems of stationary service devices, block diagrams of the failure
distribution algorithm are used.

The results of the study. The article considers the data, which is considered to be the modern or-
ganization of technical operation control of combine harvesters by network, which consists of a finite
number of parallel operating queuing chains with serial numbers €=1,2,3,...,B. In the network at random
moments of time from an external source receives service requirements.

The issues of choosing a chain for service requirements were considered. Since each chain is de-
signed to restore a particular model of machine by performing one or another type of technical control
of the combine harvester, the choice of chain was determined by the parameters w,and & received
applications. It was taken into account that the total number of queuing chains B, as a rule, is less than
the number of types of technical control of the number of models of combine harvesters in the park ¢,
because in the same chain can perform technical control of several types and models of combine har-
vesters. For each specific case of organization of the network of technical operation in accordance with
the accepted specialization of individual chains, a matrix of chain selection for servicing the application
according to its parameters w and & can be compiled. A similar matrix, in which each pair of possible
values corresponds to a specific chain number €, can be easily constructed for any specific case of a
given organization and specialization of the network of technical operation of combine harvesters.

Conclusions. As a result of the research, new scientifically sound technical and technological solu-
tions and mathematical models were obtained, which are aimed at improving the efficiency of produc-
tion processes of restoring the efficiency of combine harvesters in agricultural enterprises Modeling of
technical control of requirements of separate systems of the combine harvester will be initially solved
in a form with use of the terminology accepted by the theory of queuing, and recommendations con-
cerning concrete use of the received decisions will be given.

A model of a closed queuing system is obtained, which can be used to describe the operation of
a stationary workshop, specialized shop, plant, point, dead-end maintenance area or other set of con-
centrated stationary service devices with an arbitrary law of distribution of service time.

Key words: closed queuing system, requirement, combine harvester, model, efficiency.
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