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YV cmammi posensioaemvca mamemamuuynHa mooenb  QYHKYIOHYBAHHA I
aneopumm onmumizayii KibKiCHO20 CKIady 30UpanbHO-MPAHCHOPMHO20 KOMNIEKCY
cinbebkococnooapcokux mawun (3TK), wo exnouae nesHy KinbKicmo 30UpanbHUX
azpeeamis (30UpanbHUX KOMOQUHIB) | MPAHCNOPMHUX dAzpe2ami (MpPaHCHOPMHUX
3acobieé (T3) ma 3minnux npuuenis). Poboma 3TK, wo mooenoemovcs Ha OCHO8I
cucmemHo20  nioxoody, NpeoCmasieHa, K BUNAOKOBUUL npoyec  «3azuderi-
Hapooxcenusy. Pozenanymo cmayionapnuu  pesxcum pooomu 3TK, kpumepiem
onmumizayii euzHaueHa MIHIMI3ayis @QiHAHCOBUX empam 80 NO3aNIAHOB020
nPOCMOI0 MEXHIKU, WO BUHUKAE )y poOOYOMY Npoyeci 8HACNIOOK Oii 8UNAOKOBUX
npuyuH. Aneopumm onmumizayii 3TK ocnosanuii Ha 6UKOPpUCTMAHHI MAMeEMaAmMu4HOl
Mmooeni 3amkHeHol cucmemu macogozo obcayeoeysanns M |M |m|l, napamempu
AKOI  pO3paxosyromsCcsi  GUX00AYU 3 eKCHIYamayiuHux NOKA3HUKI6 MEeXHIYHUX
komnonenmig (cknaoosux) 3TK, xapaxmepucmuk mpancnopmuoi iHgppacmpykmypu
RIONPUEMCINGA, YPOICAUHOCMI KYIbMypu ma 3 VPAXY8aAHHAM KLIbKOX DI3HUX
sapianmie opeaHizayii 30UparbHO-MPAHCNOPMHUX pobim (poboma 6e3 3MIHHUX
npuvenis, poboma GUKIIOYHO 13 3MIHHUMU HNPUHEnamu, KOMOIHOBaHull cnocio).
Ilooaemvcs mamemamuyne 00TPYHMYBAHHS MOOENi CIMAYIOHAPHO20 (DYHKYIOHYBAHHSL
3TK ma ocHosHi po3paxyukosi ¢opmyau. Ha ocnoei nobyoosanoi moodeini
PO32TAHYMO  MOOENbHY 3a0ayy, pOo38’s30K AKOI GKIOYAE GU3HAYEHHS GXIOHUX
napamempieé mooeni 3TK, po3paxyHoK UMOGIipHOCmEU MONCIUBUX CMAHI8 CUCmeMU
ma iowykauns onmumanvhoi xinekocmi 13 y cknaodi 3TK. Bionogioni pospaxynxu
suxonano 01a 3TK y cknaoi: xombainu KCC-2,6 i mpaxmopu T-150, mpakxmopu
MT3-80 i npuuenu 2-IITC-4M. 3anpononosana mooenvb ma aieopumm onmumizayii
3TK peanizosani y cmammi 3acobamu enexmpounux madauys Excel i mooxcymo 6ymu
BUKOPUCMAHI Ol CMBOPEHH KOMN TOMePHO20 ab0 MOOLIbHO20 000amKy Ois
3aCMOCy8amHs Y NPAKMUyYHill pooomi iHdCeHepie acpapHoco UPOOHUYMEA.

MaremMaTH4HI METOIM ONTUMI3allii 1 MOJCIIOBAHHS TEXHOJOTTYHUX IMPOIIECIB 1
CHUCTEM MAIOTh BEJMKE 3HAYCHHS M7 €()EKTHBHOTO BHPIMICHHS MOBCAKICHHUX
3aBlaHb, [0 BHHHUKAIOTh Y TPAKTHUI[l CYYaCHUX IHXKEHEPIB arpornpoOMHCIOBOTO
BUPOOHUIITBA. ATpapHi MiANPUEMCTBA, 110 CUCTEMAaTUYHO BUKOPUCTOBYIOTh METOIU
MaTEeMaTHYHOTO MOJICJIFOBAHHS JUISI aHaI3y W ONTHUMI3allli BIACHUX BHPOOHHYHX
MpOIIECIB 1 CHUCTEM, HIABUINYIOTh CBOK €(EKTUBHICTh 1 3100yBalOTh PUHKOBI
nepeBaru, 30KpeMa, 3a PaxyHOK 3HMXKEHHS COOIBapTOCTI BUPOOJIEHOI MPOAYKIIi,



peatizaiiii MOKJIMBOCTEH ONTHUMAIBHOTO YMPABIIHHS 1 MJIaHYBaHHS, MPOTHO3YBAHHS
pe3yabTaTiB TOCIOIAPUOT TisIbHOCTI, Tomo [12].

IloctanoBka mpoOjeMH Yy 3arajbHOMy BHMIVIIAI Ta 1 3B’A30K i3
BAKJIMBUMHU HAYKOBHMHU YH NMPAKTHYHUMH 3aBAaHHAMHU. ChOTOHI OYCBUIHUM €
OOMEKEHHI XapaKTep 3acTOCYBaHHSI MaTeMaTHYHHUX METOIB Y TMPaKTHYHIN
JISUTBHOCT1 1HXKEHepiB arpapHoro BupoOHunTBa. Lle, Ha Hamy AyMKy, 3yMOBIEHE,
HacamImepe, BeJIMKUM PI3HOMAHITTSAM Ta BITHOCHOIO CKJIQJHICTIO TaKUX METO/IIB, a
TaKOX BIJICYTHICTIO 3pYYHHMX CHELIaTi30BAHUX MPOTPAMHUX 3aC00IB iX MPAKTUYHOT
peamizanii. BupoOHuYl cucreMu 1 HpoOLECH, IO 3aCTOCOBYIOTBCS B arpapHoMy
BUPOOHUIITBI MalOTh BHUMAJAKOBUU XapakTep, 1 TOMY, y 3araJlbHOMy BHITAJIKY,
ONUCYIOTHCSI HAWOLIBII CKIAJHUMHU I TOOYIOBHM 1 MPaKTUYHOI peamizarii
JUHAMIYHUMH CTOXaCTHYHUMH MAaTEMAaTHYHUMHU MOJICISAMHU, cepell SIKUX MOXKHA
BUIUTNTH, 30KpeMa, OCOOTUBUI Kilac MaTeMAaTUYHUX MOJENEH, BIIOMUX, SIK MOAEII
MacoBoro oOciyroByBaHHs (abo mopzem uepr). Lli Mmoaeni, TIpyHTyHO4HCh Ha
TEOPETHYHUX 3acaJax Teopii UMOBIPHOCTEH, y TOH ke Yac IMHUPOKO BUKOPUCTOBYIOTH
pPI3HOMaHITHI ~METOAM JIIHIAHOI anredpw, MaTeMaTUYyHOro aHamizy, Teopii
mudepeHIliaIbHUX PIBHSAHL TOIIO. Taki MoJenal MaioTh JIOBOJII YHIBEpCalbHUN
XapakTep i TOMY JI0 IIbOTO Yacy HaOYJIu MOMIMPEHHS Y Pi3HUX cdepax, T03BOJISIOUH
epeKTUBHO  BHUpINIYBaTH  MPAKTUYHI  NUTAaHHS  palllOHAIBHOI  OpraHizaii
CTOXaCTUYHUX CHCTEM. 30KpeMa, BOHHM 3aCTOCOBYIOTHCS MJISi ONTHMI3allii Mepex
3B’SI3KY, TPAHCIOPTHUX MEPEXK, po30yn0oBU IHPPACTPYKTYpHU HACENIIEHUX MYHKTIB,
opraHizaiii poOOTH MIAMPUEMCTB TPOMAJICBKOTO XapdyBaHHS, TOPTiBEJIbHOTO,
MEINYHOTO OOCITYrOBYBaHHS, a TaKOX BHpILIEHHS OaraThoX 3ajad, MOB’A3aHUX 13
€HEepro3ade3neueHHsIM, MAaIlMHO-BUKOPUCTAHHSAM, HAJIAHICTIO 1 pPEMOHTOM B
arponpoMHcIOBOMY BUPOOHHMITBI [11]. 3 pO3BUTKOM KOMIT FOTEPHUX TEXHOJIOTIH IIi
MOJIeNll TIOCTYNOBO BIPOBAKYIOTBCS Y TIOBCSAKIEHHY TMPAKTUKY arpapHOro
BUPOOHMIITBA, JIe Ha TJI 0ararbOoX BaXKJIMBUX MPAKTUYHUX MPoOJIEeM, OJHHM 3
HAWOLIBII aKTYaJbHUX € 3aBJaHHS ONTHMI3aIlli CUTbCHKOTOCIIONAPCHKUX BUPOOHUIMX
KOMIUIEKCIB, THUIIOBUM MPHUKIAJAOM SKHX € 30MpabHO-TPAHCIIOPTHUM KOMILIEKC
cinbebkorocnoaapebkux mMamuH (3TK).

AHaJi3 OCTaHHIX JOCJiKeHb i myOJaikaunid, B SIKMX 3aM04YaTKOBAHO
PO3B’AI3aHHA JAaHOI Npo0JeMH i Ha fAKI NMOCWIAETHCHA aBTOP. TeopeTHUHUM
OCHOBaM BHBYEHHS 1 MOJICTTIOBAHHS CHCTEM MacOBOT'O OOCIYTOBYBaHHS IPUCBSIYECHO
0araTo HayKOBUX Ipallb, Cepe]l IKUX MOXKHA BUAUATH PyHAaMEeHTaIbHI poboTH [5] i
[3], 1m0 3HAMEHYIOTh, BIATOBIAHO, TEPIN y3araJbHEHHS Ta CY4YaCHHUW CTaH Ifi€i
Teopii. MacmrTaOHi JOCTIKEHHS TMPaKTUYHUX 33/ad Y I[bOMY HAMPSMKY
CTPUMYBAJIMCA TUM, IO pealizaiis, MPOpaxyHOK BapiaHTIB 1 aHali3 pe3yibTaTiB,
OJIep’)KaHUX 3a JOMOMOTOI0 METOIB Teopii MacoBOro OOCIYrOoBYBaHHS, BUMararoTh,
3a3BHYai, 3HAYHOTO 00CATY O0YMCIEeHb. Y Mepioj 3aCHYBaHHS 1 HACTYIHOTO €TaIy
PO3BUTKY TeOpii MacoBOTO OOCTYyroBYyBaHHS 3acOOM KOMIT FOTEPHOT TEXHIKH IE HE
HaOyJIl TaKOro 3HAYHOI'O MOIIUPEHHS, SIK ChOTOJHI. TOMy, Ha MOYaTKy IS TEopis
3HAMIIA YUCIICHH] MPaKTUYHI 3aCTOCYBAHHS, B OCHOBHOMY, Y OLIbII HAYKOEMHHX 1
peHTalbenpHuX rany3sax: y cdepi 3B 43Ky, TPAHCIOPTHOI'O CHOJYYEHHS, YaCTKOBO, Y
MPOMUCJIOBOCTI, ~ BUPOOHUUTBI  TOIIO.  3aCTOCYBaHHSIM  TeOpli  MacoBOrO
o0CITyroByBaHHS B arpapHiii chepi Oyau MpUCBSAUCHI Jinie okpemi myOsikamii [6-9].



Takoxx nmo mepmmx cnpod Yy HaOpSIMKy 3acTOCYBaHHA Teopii MacoBOTO
00CITyroByBaHHs y Tajly3l CUIBCBKOIO T'OCIOAAPCTBA HAJIEKATh OKPEM1 PE3YNbTATH,
npeacTanieHi B [12].

3 PO3BUTKOM arpapHoro BUpOOHHIITBA B YKpaiHi, SIK€ ChOTOJHI BU3HAETHCH, K
MpIOpUTETHA Taly3b €KOHOMIKH, L1 METOAM 3HOB CTAalOTh aKkTyaldbHUMHU. [loCiOHUK
[11] OyB cipoGorO crcTeMaTH3YBaTH 1 y3arajdbHUTH JCSKI 3 HAIPAI[bOBAHUX B I[LOMY
HANPAMKY MPAKTHUYHUX PE3yJbTaTiB, PO3MIIANAIOYN 1X KpPi3b MPU3MY MaTeMaTUYHOI
TEOpii, Ta 3alpONOHYBATH 3pY4YHI QJITOPUTMH ONTUMIZAIlli JESAKUX HaWOLIbII
BOXJIMBUX Yy  MNPAKTUYHOMY  PO3YMIHHI (3~ TOYKM  30py  aBTOpa)
CUTBCHKOTOCTIOAAPChKUX BUPOOHUYMX KOMIUJIEKCIB 1 MPOIECIiB HA OCHOBI METO/IIB
Teopii MacoBOTrO 0OCIyrOBYBaHHS.

BupijieHHsl HeBUpIlIEHMX paHille YAaCTHH 3arajbHOI NMpPo0JeMH, SKHM
NpUCBAYY€EThCA cTaTTA. Ha 1eli yac, He3Bakarouu Ha 3HaYHY KUIBKICTh MyOIiKallii,
NPUCBAYEHUX 3a/JadaM ONTHMi3allii CHCTEM MacOBOTO OOCIYyTrOBYBaHHs, MpoOiema
OIMCAHHS CIICIiai30BaHUX MAaTEMATHUYHUX MOJEINEH, 0 BUKOPUCTOBYIOTh 3araiibHi
MiIX0au Teopii MacoBOTO OOCITYrOBYBaHHS, a TAKOXK KOMIT IOTEPHHUX aJITOPUTMIB iX
peamizamii, HaIiJICHMX Ha TPAKTHYHE 3aCTOCYBaHHS B Tally3i arpapHoro
BUPOOHUIITBA, 3AJIMIIAETHCS, y OUIBIIOCTI, 1033 YBarow AOCTIAHHUKIB 1 MPAKTHKIB-
daxiBIiB y raiy3i arpapHoi iHmkeHepii. ToMy Ha ChOTrOAHI BXXJIMBUM 1 aKTyaJbHUM
3aBIlaHHSM € TIPEJCTABIICHHS 1  OMHCAHHA TAaKUX MAaTeMaTUYHUX MOJACNeH i
aNropuT™MiB, MmO Oynu O TPUAATHUMH [JIs1 TOBCSKIEHHOTO MPAKTHYHOTO
BUKOPHUCTAHHS, 1 Ha OCHOBI SKHX Oyg0 O MOXIMBUM, 30KpeMa, CTBOPEHHS
crieniagi3oBaHUX MPOorpaMHKX 3ac00iB JJ1sl axiBIIIB-NPAKTUKIB arpapHoi cepu.

®opmyTIOBaHHS METH CTATTI (MOCTAHOBKA 3aBAaHHs). MeTolo 1aHOT CTATTI
€ TpEeACTaBJICHHS MaTeMaTUYHOTO METOJy MOJICTIOBaHHS 1  ONTHUMI3aIii
TEXHOJIOT1YHUX TIPOIECIB 1 CHCTEM Ha TMPHUKIAAlI BHU3HAYCHHS OINTHMAJIBHOTO
KUTBKICHOTO CKJIaay 30MpasibHO- TpchnopTHoro KOMIIJIEKCY ClIBCHKOTOCIIOAAPCHKUX
MallMH 13 BUKOPUCTAaHHSM KOMITIOTEPHOI peaii3ailii MaTeMaTH4HOi MOJeli
3aMKHEHO1 CHCTEMH MacOBOTO OOCIyroByBaHHs (3 ueprowo, 0e€3 pe3epBy) y
CEpPEeIOBHIII CIEKTPOHHKMX Ta0OauIs EXcel.

PosrnsiHemMo 3mictoBy moctaHoBKY 3amadi [11]. [lnmaHyeThcss BHKOHaHHS
30upanbHUX podIT 30MpanbHO-TpaHcnopTHUM KomIuiekcoM (3TK) y ckmaai sikoro €
M OMHOTUIHUX 30UpaTbHUX KOMOaWHIB, R 3MIHHUX MpPUYENiB i N TPaHCHOPTHUX
3aco6iB (T3) oHAKOBOI 3 MpUYEIaMH BaHTAXXHOCTI, IO MEPEBO3SIThH 310paHy Macy Ha
JeSKy BIICTaHb Bil TOJS 10 Miclsl 3BaKyBaHHS 1 PO3BAHTAXKECHHS MPOYKIIIL.
BHacnigok BUNAAKOBOCTI, pUTaMaHHi Oyab-sSKOMYy poOOYOMY MpoOIecy, Mia Yac
BUKOHAHHS 30HMpaIbHO-TPAHCIIOPTHUX POOIT MOXKYTh BHUHHUKATH HemepeadadeHi
3aTPUMKH, IO TMPU3BOJAATH JO  HE3alIaHOBAHOTO TPOCTOI0 KOMOaiHIB abo
TPAHCTIOPTHUX 3acO0iB: TMPU HEJOCTATHIM KUIBKOCTI TPAHCIOPTHHX 3ac00iB
MPOCTOIOBATHMYTh KOMOAWHU, a TIPH 1X HAJJIMINKOBIN KIJTLKOCTI, TPOCTOIOBATHMYTh
cami TpPaHCHOPTHiI 3aco0u. HeoOXiTHO BU3HAYMTH ONTUMAIBHY KUIBKICTE Ny,

TpaHcnopTHUX 3aco0iB y ckianal 3TK, npu sikiii 3aranbHi BTpaTd BiJ BUNAJAKOBHX
MIPOCTOIB TEXHIKH OYyTh MIHIMAJIbHUMHU.



Buxkiax ocHOBHOro marepiajgy AOCTIIKEHHSI 3 MOBHMM OOIPYHTYBAHHAM
OTPUMAHUX HAYKOBHX pe3yabTaTiB. Sk 3a3Hayaethcs y poboti [10]: «CeHnc
CUCTEMHOI0 MiAXOAY MPHU AOCIIIHPKEHH] IPOLECIB B TEXHIL MOJATae B pPO3risal Oyab-
AKOTO TEXHIYHOTO OO0’€KTy, SIK  CHUCTEMHU B3a€MOIIOB’SI3aHMX €JEMEHTIB, IO
yTBOPIOIOTh €aWHE wiie». Buxoasum 3 mporo, MokHa yssutu pobdoty 3TK, sk
(YHKIIOHYBaHHSI TEXHIYHOI CHCTEMH, BCEPEIIMHI SIKOi peani3yeTbCsi BUIAIKOBUN
mporec 0OCIyroByBaHHs, MiJ Yac sSKoro TpaHcmoptHi arperatu (TA) y Bumagkosi
MOMEHTH 4Yacy BHMAaraloTh 1 OTPUMYIOTb OOCIYroByBaHHS 3 OOKy 30MpanbHHX
arperartiB (3A).

Hiticno, y mporieci po6otun 3TK 30upansui arperatu (3A) po3BaHTaKYyHOTh
3i0paHe y TpancnoptHi 3acoou (T3), mo nepeBo3saTh 310paHe 10 MICIS 3BaXKyBaHHS,
po3BaHTa)keHHs 1 30epiranHs. PerenbHe miaHyBaHHS ¥ 4iTKa oprasizaiis poOOTH
3TK He 31aTHI BpaxyBaTu BIUIMB yCiX MOKJIMBUX BUNAAKOBUX (hakTopiB. BHacmigok
I[bOT'O B1I0YBATUMYThCSI HEKOHTPOJIbOBAH1 3aTPUMKH, SIK MiJl Yac 30MpaHHs, TaK 1 Mij
Yyac TpaHCIOPTYBaHHS MPOAYyKIii. B pe3ynbrari, 30upanbHa TeXHIKa HEOJAMIHHO Oye
NPOCTOIOBATH JESKUW Yac, OYIKYHOUM Ha PO3BAHTAKEHHS, KOJIW BCi TPaHCIOPTHI
3acobu OynyTh 3ailHATI, a TPAHCMOPTHA TEXHIKa, y CBOI YEpry, Takox Oyje
NPOCTOIOBATH 3aiiBe, OYIKYIOUM Ha 3aBaHTXEHHS, KOIHM 30MpaibHHUA arperar
BHACNIJIOK BWIIAJIKOBUX MPHYWH, HE TOTOBMH BHKOHATH iX BHUMOTY IIpO
3aBaHTaxeHHs. OTKe, pu HepoctaTHil KinbkocTi TA y ckmani 3TK, BUHUKaTUMYTh
npoctoi 3A, a mpu 3aifBiii KiutbkocTi TA OyayTh NPOCTOIOBATH, OYIKYIOUHU
3aBaHTaxKeHHs, caMi TA. ToMy, 3aranbHi BTpaTH BiJl IPOCTOIO TEXHIKU CKJIAJAIOTHCS
3 BTpar Big npoctoro TA 1 3A.

3po3yMilio, 10 Taki HenepeadadyBaHi 3aTPUMKH CIIPUYHHSIOTH 3aiiBl TPOIIOBi
BUTpaTH, M0 IIEBHHUM YHHOM 30UIbIIye cOOIBapTICTh BUPOOJICHOI MPOIYKIIii,
3MEHIITYyEe KOHKYPEHTOCIIPOMOXHICTh MianpuemMcTBa. KpiM TOro, mporHo3yBaHHS
BTpaT, 10 BUHHUKAIOTh 32 paxXyHOK HE3aIlJIJaHOBAHOTO IIPOCTOI0 TEXHIKH, 0e3
3aCTOCYBaHHS MaTEMaTUYHUX MOJIENIEH € MPaKTUYHO HEMOXKIIMBUM.

Kpurepiit ontumizaiiii po6otu 3TK, BiAMOBiIHMIA MOCTaBIEHOMY 3aBIaHHIO,
BHUPA3UMO ILTIbOBOIO (DYHKITI€I0, IO BU3HAYAE 3arajibHi BTPATH Bij MMPOCTOIO TEXHIKU
B PO3paxyHKy Ha OJIMH KOMOaiiH, I'pH./TO.:

cD(n):%(Cnno+Cmmo), 1)

ne: C. — cepemns BapTicTh BTpAT Bix mpoctoro oxnoro TA, rpu./rox.; C— — cepenns

m
BapTiCTh BTPAT Bij MPOCTOIO OJHOro 3A, TpH./TOA.; N, — cepeaHs KubKicTh TA, 1o

MPOCTOIOIOTh; M, — cepelHs KUTbKICTh 3A, 110 MPOCTOIOIOTh.

[ToObynoBa marematuyHOi Momemni. /[l omucaHHS BHUMAJAKOBOTO TMPOIECY
poborn 3TK Oyayemo MmareMaTWdHy MOJCIb Ha 3pa30K MaTEMaTHYHOI MOl
3aMKHEHOI CUCTeMH MacoBoro obOciyroByBaHHsS (CMO) [3, 5], mpusnaueHoi mis
oOcnyroByBaHHS N 00’€KTiB, IO y BHUIMAJKOBI MOMEHTH Yacy 3BEpPTAIOTHCS 3a
o0CITyroByBaHHSM, sKa Mae M KaHaiB (MPUCTPOIB) oOcCIyroByBaHHs (M<n).
MoxHa moka3zath, IO KOXeH 3 N 00’ekTiB oOcmyroByBaHHs (TA) € mxepernom
HalnpocTimoi Tedii Bumor [3, 5] 3 IHTEHCHUBHICTIO A OJMHUIL 33 TOJIWHY, a Yac
0o0CIIlyroByBaHHA Ha KOXHOMY MpucTpoi obciyroByBanHsa (I10), y skocTi gxux



BUCTYNalOTh 3A, Ma€ NOKa3HUKOBUU pO3MOAUT 3 IHTEHCUBHICTIO |L OJMHHULB 32
rOJIMHY, TOOTO € HEMEePEepPBHOIO BUIAJKOBOI BEIMYMHOKO 13 (PYHKIIIEI PO3MOILTY
F(t)=1-e*,t>0 [4]. Y nosnauennusx Kenmamna [11], Taka cucTtema KOmyeThCs
cumBosiamu M |M |m|l, ne M - mo3nadae MapkiBChbKy (HAMMPOCTINIY) TEUitO
obciyroByBanHs [5]; m — kiibKicTh KaHaniB ooOcimyroByBanus (OII) y cuctemi;
| =n—m — MakcuManbHO MOXIIMBA JIOBKHHA YePry Ha 00CITyrOBYBaHHS.

[Tponiec dynxmionyBanns 3TK mpencraBumo rpadiuHoro cxemoro (rpadom),
IO OMHCYE TMOCIHITOBHI MEPEXOU CHCTEMHU 3 OJHOTO CTaHYy JIO iHIIOTO y BHIIaJIKOBI
MOMEHTH 4acy (puc. 1).

/’T’D ;I’I j’k—l ’q’k /’T’m—l j’m ;I’n—l
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Puc. 1 — I'padiuna cxema nporiecy pynkiionyBannas 3TK [11].

Ha cxemi (puc.l) E, o3Hayae craH cuctemMu, KON B Hiil mepeOyBae

(obcmyroByeThes abo ouikye Ha oOcayroByBanHs) K Bumor, 0<k <n. Ilepexin
E, — E,,, o3Hauae, 1m0 10 CHCTEMH, Jie 3HAXOAUThCA K BHUMOT, HajiliiLia me oxHa

BMMOTa BiJ 0HOr0 3 N —K [Keper, 110 3HaX0AAThCS 11038 CUCTEMOKO; IHTEHCUBHICTh
IILOTO TIEPEXOJy, IiJI SKOK PO3YMIEMO CEpPEIHI0 KUIBKICTh TaKMX TIEPEXOJiB 3a

omuuumo uvacy, A, =(N—-k)A, k= 0,n. V caoio uepry, nepexin E, = E, |

o3Hauac, o oxHa 3 K Bumor, mo mnepeOyBanu y cucTeMi, Oynaa obciyxeHa i
nokuHysna cucreMy. OCKUTbKH, CUCTEMa Ma€ M KaHajiB, TO OAHOYACHO B Hilf MOXYTb
oOciyropyBaTucs He Ourblie, HbK M BuUMOr. ToMy, IHTEHCHBHICTh NEPEXOIy

ke, k=1lm-1
mu, K =m,n .
V namomy Bunaaky E, oswauae takuii cran cucremu (3TK), xomu K 3 n

E, — Ey_; 6yme p =

HasBHUX TA € BUIBHUMHM 1 TOTOBUMH JJisi 3aBaHTaXEHHS (0OCIyroByBaHHS).
Ouesuano, mo npu K>m (k—m>0), To6T0, KOIK cucTeMa nepedyBae y CTaHi
E,..,, BuHukatumyth npoctoi TA. Ilpu ibomy, KinbkicTh TA, 110 MPOCTOIOIOTH, Oy1e

piBHOIO K —mM. AHajoriuHo, Kojau cuctema mnepeOyBae y crani E

m>k (m—k>0), npocroroBatumyTh M—K 3A.
Kinbkicts Bumor y cucremi K € muckperHoro BumaakoBoro BeaumdanHo. OTxKe,
K—m i m-K TakoX € [OUCKPETHUMH BHITAIKOBMMH BeIHMYMHAMH. SIKIIO

k>m 1

TOOTO TpHU

k<m >

P = P(Ek): P(k) — HMOBIpHicTH TepeOyBanns cuctemu y crani E,, o n, i m; y
dbopmymi (1) MoOXHa BH3HAYMTH, SK MaTeMaTH4YH1 CIIOJIBaHHS BIAMOBIIHUX
BUITAIKOBHMX BeauduH [4, 5]:



no=M(k—m)="(k—m)p,: m=Mm-k)=3 (m—K)p, @)

Po3paxyHok p,. VY 3araJbHOMY BUIIQAKy HMOBIPHOCTI P, € (pyHKLIAMH Hacy

P« = P (t), s sikux MoskHa 3amucat [5]:

d
By g+ up, -6
O:jitk:z(n_kﬂ)pk_l—(/l(n—k)+ky)pk+k/1|0k+1, k=1m-1,
(3)

c:jltkzﬂ(n—k+l) pk_l—(ﬂ,(n—k)+m,ll) P + MuPy,y, K=m,n-1
dp

n :i -m , k:n
dt pn—l ,Upn

OpnHak, y craioHapHomy pexumi ¢pyHkiionyBanHs 3TK, iiMoBipHOCTI P, € HE

3aJIeKaTh BiJg Yacy, 1 TOMY OIHCYKOTHCS OJHOPIAHOK CHUCTEMOKO JIHIHHUX
anreOpaiuynux piBHsAHB [11]:

Anp, — up, =0, k=0;
A(n=k+1)p, —(A(n—K)+ku)p +kup, =0, k=Lm-1; @
4
A(n—k+1)p; —(A(n—K)+mu)p,+mup,,, =0, k=m,n-1,
AP, —mup, =0, k=n.
3 (3), 3 ypaxyBaHHSIM YMOBY HOPMYBaHHS Z p, =1 3naiigemo:
k=0
= onl P& nl P B
= — 4 ,
Po (é(n_k)! k! Z‘m(n—k)!m!mk‘m
1 -1 m-t (5)
oo K k=1 m-L L2
K™ (n=k)! 0 m-k I I
(n k) —mml ,k:m, n H

Buznauenns napamerpiB A 1 . [lapamerp A y (4) 03Ha4Ya€e IHTEHCUBHICTh

Teduii 3assBOK Ha oOciyroByBaHHs TA 3 0oky 3A. BiH Bu3HAUa€eThCs eMMIpUYHO, SIK

1 o .
A=—, ne t,, rog. — cepenniii yac, 3a sxuii TA BHUKOHyE OIMH TOBHUN ITUKI

A
omepariiii: (a) pyX i3 BaHTa)Ke€M BiJl ITOJIS 10 MICIIS 3Ba)KyBaHHS 1 pO3BaHTa)KeHHS; (0)
3Ba)XyBaHHs; (B) pO3BaHTaXEHHS; (T) 3BOPOTHUH pyxX 0€3 BaHTAXY O MIiCIA

3aBaHTaKEeHHS (a0 M0 MICI 3aMiHU TOPOXHBOTO TMPUYENy Ha 3aBaHTAKCHHM
S S .\,

npuden) [8, 9]. Omxe, t, =t +t, +1 +t, ne =— +-% _ cepenniii yac pyxy 3

V, V,

vg vd

BaHTaXXeM BIJ MOJIs, TOA.; t, — cepenHiil yac 3BaxKyBaHHs, rox.; t. — cepenHiid yac



S S . .
PO3BaHTaXCHHS, ro.; t, = — + =% cepenniii yac pyxy 0e3 BaHTaxKy (IIOPOKHIM),
\' \'
Pg pd

rof., Ae S, — WUIAX, WO npoxoauTh TA mo moito (IpyHTOM), KM; S; — LUISX, LIO

npoxoauth TA 1o 10po3i, KM; V., Vi, Vi, Vg — WBHAKICTB pyXy TA 3 BaHTa)eM i

MOPOKHIM, MO IPYHTY 1 IO JOPO31 BIAMOBIAHO, KM.

AHanoriyHo, f =-— 0O3HA4a€ IHTEHCUBHICTH Teuil oO0ciyroByBanHs TA 3 60Ky
17
3A: me t,, ron. — cepeaHiii yac, HEOOXIHUI I 00CITYroByBaHHs (3aBaHTaXKCHH)

TA, mo npuOyBae Ha moJie 3a YEProBUM BaHTaxeM. Po3paxyHOK mapameTrpy u

3MIHIOETBCS, 3aJIEAKHO BiJl TOTO, AKUH 31 crioco0iB o0ciayroByBaHHs TA (B 3a1eKHOCTI
BiJI KUTBKOCTI 3MIHHUX NpUYeMiB R) peani3yeThcst Ha PAKTHUILL.
SIkuro TpaHCHOpPTYBaHHSL Bi0YBa€eThCcsl O€3 BUKOPUCTAHHS 3MIHHUX MPHUYEIIIB

(R=0), To0T0 BCE 3i6pane 3aBanTakkyeThest 6e3nocepennbo y TA, To t, =t = Q :
WU
ae Q — BaHTaXOMIAHOMHICTE TpaHCIOPTHOro 3acody, T, W, — HOpmaTuBHa

OPOAYKTUBHICTh 3A, ra/roa., U — yposkallHICTh KYJIbTypH, T/Ta.

SAxio pobota BiOyBaeThcsl BUKIOUHO 3 Tipuuenamu (R =m), To6To 310paHe
3aBaHTAXYETHCS TUIBKH Y 3MiHHI mpuyenw, To t, =t, =t +t,,, ne t,, — cepennii yac
3aMIiHU TIpUYena.

HaiiGinbm 3araabHUM BHIAAKOM € kKoMOiHoBaHui crocid (0<R<m), komun
gactuHa TA 0OCIyroByeThCs MO TEPIIOMY 1 APYroMy crocodam, a iHII OYiKYIOTh

. m
m-R

00cIryroByBaHH: (3aBaHTaXEHHs) y uep3i. B upomy Bumanky t, =t, = R
+ -
Loh

3 ypaxyBaHHSM IbOTO:
n,.+mM, R=0;

N, =9 No-, R=m; (6)
Ny. + Ny, O<R<mM,
e M=m—m,— cepeans KUIbKICTh 3A, 110 MPAIIOIOTh,
n-m
N,. = ) Kp,,,, —cepeans KiabkicTs T3, M0 MPOCTOIOIOTH y Yep3i;
k=1
m-R

Ny, = Z Kp,.r — cepenns KiabkicTh T3, 110 3aBaHTAXKYIOTHCS.
k=1
Takum unaOM, hopmyin (1) — (6) TO3BONSIIOTH BUKOHATH PO3PAXyHOK 3HAUCHB
N, 1 M, I pi3HOI KUIBKOCTI TPAHCHOPTHHX 3aco0iB N. MHOXHHA JOMYyCTUMHUX

3Ha4YeHb N, BU3HAYAEThCS HepiBHICTIO [11]

B en<B1+p) )

P P



TakuM 4YMHOM, Ay BIAIIYKaHHA N HEOOX1THO OOYMCIUTH 3HAYEHHS

110

Ib0BO1 QyHKUIT (1) mpu BCIX JOMYCTUMMX 3HAYEHHSX N, 1 3 OJEepKaHUX 3HAYEHb

BU3HAYUTH HallMEHIIIE, 110 BIANOBLAAE N =N, .

Komm’orepna peadizanmis mopgeni. Peanizamiss naHoro miaxoay BHUMarae
3HAYHOr'0 OO0CSTY OJHOTHIHHX OOuHuciieHb. Tomy Marematuuyna mojaenb (1) — (7)
MOke OyTH peani3oBaHa 3aco0aMU €JEKTPOHHUX Tabauub. B Hamomy BUManky, Juis
BUKOHAHHS PO3paxXyHKIB MU 00paiu enekTpoHHi Tabuii Excel.

Ha wmamtonky (puc. 2) npezacTtaBieHuil OJOK BBEACHHS BXIIHMX NapameTpiB
Mojeai Ha pobouomy apkyiri Excel. Excrutyartariifini XapakKTepHCTHKM MOAAHI IS
3A y cknaal — cuioco3oupansauid kom6aitn KCC-2,6 1 tpaktop T-150, ta ans TA —
tpaktop MT3-80 3 mpuuenom 2-IITC-4M. Inmi mnapamerpu Mojeni MaroTh
UTIOCTpaTUBHUI XapakTtep.

A B | c D E | F &6 | H |
1
2 OnTumizayia KinbKicHOro cknagy 3éupanbHo-TpaHcnopTHoro Komnnekcy (3TK)
3
4 m= 5 oa. VBr= 8 km/ron.  Cn= 800 rpH/ropg,
5 R_= 2 oA, Vnr= 11 kmfrog.  Cm= 210 rpH/rog,
6 Sp= 4 kM VBO= 15 km/rog.
7 Sr= 0,5 kM vnp= 18 km/rog.
8
9 U= 20 1/ra t3= 0,03 rog.
10 Q= 4T tp= 0,10 rog. tB= 0,329167 roa.
11 Wk= 0,98 ralrog,. tan= 0,15 rog. tn= 0,267677 rog,.

Puc. 2 — biok BBeieHHs BX1IHUX ITapaMeTPiB MOIEITI.
Hactymuuii mamtonok (puc. 3) mokasye pe3yiabTaTh pO3paxyHKIB JOIMOMIXHHX
napametpiB 3TK 11 BUXIIHMX apaMeTpiB MO, MPEACTaBACHUX Bulile (puc. 2).

A B | c D . E | F &6 | H |
13 T_nambpa= 0,726843 ropg,. MH= 4,069683 op./rog. n_min= 15 op.
14 nambpa= 1,375812 op./rof. po= 0,338064 n_max= 20 o,
15
16 1) 6e3 npuyenie 2) BUKJIIOYHO 3 Npu4yenamm 3) komGiHOBaHWK cnocib
17 T_miol= 0,204082 ropg. T _Mmio2= 0,354082 ropg. T m03=  0,245719 roga.
18 mio1= 4.9 0p./ron. MH2= 2,824207 op.jrof.  Mo3= 4 069683 on./rof.

Puc. 3 — PesynbTaT po3paxyHkiB qonoMi>kaux napametpis 3TK.

Tabnmuns 1, mo mpeacTtaBieHa Ha MaiOHKY (puC. 3), MICTUTh Pe3yIbTaTH
po3paxyHKy WMoOBipHOCTeH MOXuBUX cTaHiB 3TK, BukoHanux 3rigHo Gopmyrn (5),
JUTS BCIX JTOMYCTUMHX 3HAYEHBb N, 10 BU3HAYAIOTHCS 32 TOTIOMOTO0I0 (7).



A | B | ¢C | D . E
20 Tabnuus 1 - 3HavyeHHs (MogipHocmeil Pk cmany 3TK
21 K n
22 15 16 17 18
23 0 0,0095 0,0065 0,0044 0,0029
24 1 0,0483 0,0353 0,0254 0,0179
25 2 0,1226 0,0955 0,0729 0,0544
26 3 0,2072 0,1721 0,1397 0,1103
27 4 0,1961 0,1746 0,1512 0,1268
28 5 0,1724 0,1652 0,1533 0,1372
29 6 0,1399 0,1452 0,1451 0,1391
30 7 0,1040 0,1178 0,1275 0,1317
31 8 0,0876 0,1035 0,1158
32 9 0,0770 0,0839
33 10 0,0699
34 Cyma 1,0000 1,0000 1,0000 1,0000

Puc. 4 — Pe3ynbTaTn po3paxyHky iMoBipHocTeit ctaHiB cuctemu (3TK).

Pe3ynbrati miicyMKOBHX PO3paxyHKiB, BUKOHaHKX 3a Gopmyaamu (1), (2), (6)
npeacTaBiieHi y Tabnuii 2 (puc. 5).

A | B | ¢ | D . E
36 Tabnuus 2 - Yucnoei xapakmepucmuku cucmemu
37 @©(n) 163,9150| 158,5874| 160,7171| 169,5711
38 n 15 16 17 18
39 nO 1,5837 2,0226 2,9222 3,0873
40 mQO 0,6087 0,4602 0,3424 0,2494
41 m~ 4,3913 4,5398 4,6576 4,7506
42 no3 0,2072 0,1721 0,1397 0,1103
43 nou 1,3765 1,8505 2,3824 2,9770

Puc. 5 — Pe3ynpratu po3paxyHKy YMCIOBUX XapAKTEPUCTUK CUCTEMHU.

3a naHuMH TaOIUIll 2 MOXHaA 3pOOMTH BHUCHOBOK, IO MIHIMaJbHI 3arajibHi
BTPATH 32 PaxyHOK MPOCTOIO TEXHIKH B PO3paxyHKY Ha OJUH KOMOaiiH — MiHIMaJIbHE
3HaueHHs 1UIboBOi (GyHkmii (1) Oyne piBHuM D . = CD(16) =158,59 rpu. Orxe,
akmo ckiaan 3TK mHamiaye m=5 komoOaiiHiB 1 R =23MIHHUX NpUYEIB, a NUIAX Bif
MOJISL 10 MICIISI 3BayKyBaHHS 1 pO3BAaHTaXKEHHA CKIanae S, =4 KM, TO, IpU 3HAYEHHSIX

min

HIIINX IMapaMeTpiB CUCTEMH, 3a/IaHUX BUIIE, ONITUMalbHA KiTbKICTh T3 B ckiani 3TK
CTaHOBUTH N, =16 ox.

[leit BHCHOBOK WUTIOCTPYE CTOBIMYMKOBA jgiarpama (puc.6), mo BimoOpaxkae
3HA4YEeHHS UIIbOBOI (DYHKIIIT <I)(n) 3aJIe)KHO BiJ KUTHKOCTI TPAHCIIOPTHHUX 3aCO0IB N

(puc. 11):



3HaveHHsA uinboBoi ¢yHKuUii P(n)

y =3,5454x% - 15,817x + 176,15
172,0000 RZ=0,0996 160,571
170,0000

168,0000 //
166,0000 163,9150 /
164,0000
N 1607171/
162,0000
60,0000 \ 158,5874 //
, \ _/

®(n), rpH./roa.

158,0000
156,0000
154,0000

152,0000 T T T
15 16 17 18

Puc. 6 — 3anexxHicTh 3HaU€Hb LUTHOBOT G YHKIIIT <D(n) BiJ] KUTBKOCTI TPAHCIIOPTHUX

3aco0iB y ckmaai 3TK.

BucHOBKY 3 TaHOTO JOCJiTZKEHHS i MePCNEeKTHBU MOAAJBIIHX PO3POOOK Y
AAHOMY HANPAMKY. TakuM 4MHOM, MaTeMaTUyHa MOJIEJb, MPEACTaBlICHA Y JaHii
CTaTTi, 103BOJIsIE CHOPMYBATH ITOPUTM OMNTHUMI3aliil KiibKicHoro ckiany 3TK, 1o
MO>KHA MPEACTABUTH, SIK MOCITOBHICTh HACTYITHUX KPOKIB'

1. 3adikcyBaru kiunbkicH1 nmapamerpu 3TK, excruryaTaliiifHi XapaKTepUCTHKH
cknagoBux 3TK, mapamerpu TpaHcnmopTHOi 1HGPACTPYKTYpH MiINPUEMCTBA,
YPOKalHICTh KyJIbTYpH TOIIO (pHC. 2).

2. ChopmynroBaTi KpUTEpiil onTuMizamii y BUTIIsAl HinboBoi Gpyukmii (1).

3. 3rigno (7) 3HaiiTm o6nacTe Bu3HAaueHHA QyHKIIT (1) — MHOXHUHY
JOTYCTUMUX 3HAY€Hb IMapaMeTpy ONTUMI3alIii.

4, EMIIpUYHUM NUIIXOM (32 JaHUMHU CIIOCTEPEKEHBb) BU3HAYUTU TapaMeTpu
IHTEHCUBHOCTI BX1JHOT Tedii 1 Teuil 00CayroByBaHHs, 10 XapaKTepU3yIOTh POOOUNIA
nporec 3TK.

5. 3a dopmymamu (5), obuuciuth ¥MoBipHOCTI MOXimBHX cTaHiB 3TK i
BUKOHATH po3paxyHku 3a ¢popmyrnamu (2) 1 (6).

6. OGuucnuty 3HaueHHS UTHOBOT GyHKIT (1) A7 BCIX TOMyCTUMHUX 3HAYEHb
napameTpy ontumiszaiii n.

3anpornoHOBaHUI aJITOPUTM ONTHUMI3allli KUIBKICHOTO CKJIaay 30upanbHO-
TPAHCTIOPTHOTO KOMIUIEKCY € TPOCTUM IS peaii3ailii B €JIeKTPOHHUX TaOIUIX 1
MOke Oyt 0e3 OOMEKEHb 3aCTOCOBaHHMM y MPaKTHYHIA poOOTI cmeriamicta 3
eHepro3ade3neueHHs 30UpaTbHO-TPAHCIIOPTHUX POOIT B arpapHUX MiAMPUEMCTBAX.
3MiHIOIOYH BXIJHI IMapaMeTpd MOJEIl BIIMOBIIHO 10 XapaKTECPUCTHK HASBHHUX
3aco0iB eHepro3alde3neyeHHss Ta TPAHCHOPTHOI 1HPPACTPYKTypU TOCHOJApPCTBA,
MOHA BUKOHYBATH ONEPATUBHI pO3paxyHKu ontuManbHoro ckiagy 3TK.

BuxopurcToByoun g1aHy MOJEIh MOKHA BUKOHYBATH PO3PAXYHKHU JIJIST TUTIOBUX
koHPirypanit 3A 1 TA nis pi3HUX KyJAbTyp Ta PI3HUX MapaMeTpiB TPaHCIOPTHOT



1HQPACTPYKTYpH arpapHux MOIANPUEMCTB. 3ampolOHOBaHA MOJENb Ta aJTOPUTM
ontumizailii 3TK, mo peanizoBaHi y JaHiil cTaTTi 3aco0aMM €JIEKTPOHHUX TaOJIUIIb
Excel, moxyTh OyTn BHKOpHCTaHI 0E3MOCEPEAHBO ISl CTBOPSHHS KOMIT FOTEPHOTO
a00 MOOLIBPHOTO TOAATKY Ui JOTIOMOTH Y MPAKTUYHIA poOOTI 1HKEHEPIB arpapHOro
BUPOOHHUIITBA.
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AHHOTALUA

OnTuMHU3aNUsa KOJIHYECTBEHHOT0 COCTABA YOOPOYHO-TPAHCIIOPTHOTO
KOMILIEKCA CeJIbCKOX03AiCTBEHHBIX MAIIMH ¢ moMombio Excel
®neranTtos JI.A., OBcuenko 1O.1.

B cmamve paccmampusaiomcs mamemamuyeckas Mooelb pabomel U
ANOPUMM  ONMUMUZAYUU  KOJULECTNBEHHO20 COCMAsa YOOPOUYHO-MPAHCHOPIMHOZO
Komniekca cenvckoxozsaicmeennvix mawur (YTK), exntouarowezo onpedenennoe
KOAU4eCcmeo eOuHUYyyo0poyHol mexHuku (Hanpumep, 3epHoyOoOpOUHbIX KOMOAUHO8) U
MPAHCNOpmMHbIX eOunuy (mpauncnopmuvie cpeocmea (1C) u cmeHHble npuyendvi).
Paboma VTK, komopyw mbl moldenupyem HaA OCHO8e CUCMEMHO20 NO0X00d,
npeocmasiena, KAk — CIVYAUHbLL — npoyecc — Muna — «CMepmb-podicOeHUe».
Paccmampusaemcsa  cmayuonapuviii - pesxcum  pabomer  YVTK,  xpumepuem
ONMUMUZAYUU  CUCTNEMbl  AGTIAEMCS  MUHUMUZAYUS  (UHAHCOBLIX NOMepb  Om
He3aniaHUPOBAHHbIX NPOCHOes 000pYO008aHUs, BO3HUKAIOWUX 8 npoyecce padomuvl
no  cayyaunvim  npuyunam.  Areopumm  onmumuzayuu YTK  ocnosan Ha
UCNONBL308AHUU  MAMEMAMUYECKOU MOOenu 3AMKHYMOU  CUCTHeMbl  MACCOB020
obcyacusanuss M |M |m|l, napamempor xomopoii paccuumvisaromes ucxoos usz

nokazameineti d¢gpexmuenocmu mexrnuveckux komnonenmos YTK, xapaxmepucmuk
MPAHCNOPMHOU  UHGPACMPYKMYPbL NPEONpusamus U YpodrCAuHoOCmMuU ¢ Yuemom
HEeKOMOPbIX 803MONCHBIX BAPUAHMOE OP2AHUZAYUU YOOPOUHO-MPAHCNOPMHBIX paOOm
(paboma 6e3 CMeHHbIX NpUYenos, paboma UCKIOYUMENTbHO CO CMEHHbIMU
npuyenamu, KoMOuHuposauuwlii Memod). IlpeOocmasneno mamemamuueckoe
obocHosanue Modeau cmayuoHapHoz2o @yuxkyuonuposanusi YTK u ocHosHbie
pacuemuvie  Gopmynvl. Ha ocHoée nocmpoeHHOU —MoOOenu  paccmampeHa
npakmuieckas 3a0aya, peuieHue Komopot ekiouaem 6 cebs onpeoeienue 8X00OHbIX
napamempos cmoxacmuyeckou mooeau VTK, eviuucnenue eeposmuocmen
B03MOIICHBIX COCMOAHUL CUCEMbL U OnpedeleHue onmumanbio2o koauvecmea 1C @
VTK. Pacuemwvr npogedenvt ona YTK 6 cocmase: «kombatinet KCC-2.6
azpecamupyromcs ¢ mpaxkmopamu T-150, mpaxmopwr MT3-80 - ¢ npuyenamu 2-11TC-
4M. Ilpeonoosxcennas moodenv u aneopumm onmumusayuu YTK peanuzosanvt c
UCNnoNb308anUeM INeKMPouHbix mabauy Excel, u mozym O6vimb ucnonv3o8ansvl 014
CO30aHUSL KOMNBIOMEPHO20 UIU MOOUTbHO20 NPULOJCEHU Ol NPUMEHEeHUsl 8
NpaKmuueckol pabome UHIHCEHEPOB A2PaPHO20 NPOU3BOOCMEA.

Abstract

Optimization the harvest-transport complex quantitative composition of
agricultural machines by means of Excel
Leonid Flehantov, Yuliia Ovsiienko
The article discusses the mathematical model of operation and the algorithm
for optimizing the quantitative composition of the harvest-transport complex of
agricultural machines (HTC) includes a certain number of harvesting units (for
example combine harvesters) and transport units (vehicles (VHC) and exchangeable
trailers). The work of the HTC, we model on the basis of a systematic approach, is



presented as a random “death-birth” type process. The stationary operation mode of
the HTC is considered, the optimization criterion of the system is the minimization of
financial losses from unplanned downtime of equipment that occurs in the work
process due to random reasons. The algorithm for optimizing is based on the use of a
mathematical model of a closed queuing system M |M |m]|l, the parameters of
which are calculated based on the performance indicators of technical components of
HTC, characteristics of the transport infrastructure of an enterprise and crop yield,
taking into account some possible options for organizing harvest-transport works
(work without exchangeable trailers, work exclusively with exchangeable trailers,
combined method). The mathematical substantiation of the model of the stationary
functioning of the HTC and the main calculation formulas are presented. On the
basis of the constructed model, a problem is considered, the solution of which
includes determining the input parameters of the stochastic HTC model, calculating
the probabilities of possible states of the system, and finding the optimal number of
vehicles in the HTC. The calculation was made for the HTC consisting of: KSS-2.6
combines are aggregated with tractors T-150, tractors MTZ-80 - with trailers 2-PTS-
4M. The proposed model and algorithm for optimizing the HTC are implemented in
this article using Excel spreadsheets and can be used to create an application /
mobile application to assist in the practical work of agricultural production
engineers.

AHoOTALIA

OnTumizanis KiJIbKICHOT0 CKJIaay 30MPaJIbHO-TPAHCIIOPTHOT 0 KOMILIEKCY
CUIBCBKOroCnoaapcbKux MamuH 3acobamu Excel
®geranTos JI.O., Oscienko 1O.1.

YV cmammi poszensioaemvca mamemamuyna mooenb  QYHKYIOHYBAHHA i
aneopumm onmumizayii KibKiCHO20 CKIa0y 30UpaibHO-MPAHCHOPMHO20 KOMNIEKCY
cinbcorococnooapevkux mawun (3TK), wo exmouae neény KinbKicms 30upanbHux
azpezamis (30UpanbHUX KOMOQUHIB) | MPAHCNOPMHUX azpe2amis (MpaHcnOPMHUX
3aco6ie (T3) ma 3minnux npuuenig). Poboma 3TK, wo moodemoemvcsi Ha OCHOSI
CUCMEMHO20  NiOX00y, NpeocmasieHda, 5K UNAOKOB8Ull npoyec  «3acubei-
Hapoodicennsy. Posensnymo cmayionapnuti pexcum pobomu 3TK, xpumepiem
onmumizayii euzHauena MiHIMIzayin pinancosux empam 80 NO3ANIAHOBO2O
NPOCMOI0 MEXHIKU, W0 BUHUKAE ) poboYOMY npoyeci 8HACIIOOK Oii 8UNAOKOBUX
npuuun. Aneopumm onmumizayii 3TK ocnoganuil Ha 8UKOPUCTMAHHI MAMeMAMUYHOL
Mmooeni 3amkHenoi cucmemu macogozo obcayeosyeanns M |M|m|l, napamempu
SAKOI  po3paxo8yromvcsi  QUX00sAYU 3  eKCHAYAMAyiuHuxX NOKA3HUKIE@ MEeXHIYHUX
Komnounenmis (cknaoosux) 3TK, xapaxmepucmuk mpancnopmuoi inppacmpyxmypu
NIONPUEMCIEBA, YPOAICAUHOCMI KYIbMYpU ma 3 YPAXY8AHHAM KIIbKOX PI3HUX
sapianmis opeanizayii 30UpaibHO-MPAHCNOPMHUX pobim (poboma 6Oe3 3MIHHUX
npuyenie, poboma BUKIIOYHO (3 3MIHHUMU NPUYEenamu, KOMOIHOBAHUU Cnocib).
llooaemvcs mamemamuyne 00IPYHMYBAHHA MOOENl CIMAYIOHAPHO20 (DYHKYIOHYBAHHS
3TK ma ocuosHi po3paxyukoei ¢opmynu. Ha ocunosi nobyoosanoi moodeni
PO32NAHYMO  MOOENbHY 3a0ayy, pO38 A30K AKOI GKIOYAE GU3HAYEHHS 6XIOHUX



napamempie mooeni 3TK, po3paxyHOK UMOBIpHOCHEU MONCIUBUX CMAHI8 cUCmeMU
ma iOwyKkauHs onmumanvhoi xinekocmi 13 y cknaoi 3TK. Bionosioni pospaxynku
suxonano 0 3TK y cknaodi: xombainu KCC-2,6 i mpaxmopu T-150, mpaxmopu
MT3-80 i npuuenu 2-11TC-4M. 3anpononosana modenv ma anecopumm Onmumizayii
3TK peanizosani y cmammi 3acobamu enexmponnux madauys Excel i mooxcymo 6ymu
BUKOPUCMAHI O]l CMBOPEHHS. KOMN TOMepHo20 ab0o MOOLIbHO20 000amK)y O
3acmocysamnus y npaKkmuyHit pooomi indcenepie azpapHo2o eupobHUYmaa.
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