CinbcbKorocnonapchbka TexHika Ta obnagHaHHa: MPOrHO3YBaHHA, KOHCTPYIOBaHHSA, BUNPOOYBaHHSA

VK 631.354.2.026.001.5 http://dx.doi.org/10.31473/2305-5987-2022-2-31(45)-3

MATEMATUYHA TA TrPA®IYHI MOAEJN MOJIOTAPKHU
3EPHO3BEUPAJIbBHOIO KOMBEAUHA

Xauin C., KaHJI. €KOH. HayK,
https://orcid.org/0000-0002-7510-5056

3anbko M., KaH/I. TeXH. HAayK, CT. HayK. CHiBpoO.,
https://orcid.org/0000-0001-8964-0706),

Taiinaii T., xkaHa. TexXH. Hayk,
https://orcid.org/0000-0001-9141-4820
YxpHIITIBT im. JI. IToropinoro

AHoTauis

Merta gocrigxeHb. YCTaHOBUTH 3B’I30K | 3a/IEXKHICTb MIX €/IeMeHTaMU PI3HUX rpyn ¢bakTopiB cuc-
TeMU “MOJIOTapPKa 3epPHO36MPAasIbHOrO KOMbOariHa” - SKOCTI pOOOTH, TEXHIYHMMMU MNapaMeTPamMm, TEXHO-
JIOTIYHUMU PEXMMAaMU M YMOBaMu pPoOOOTU. Ha Ljivi OCHOBI pO3p0bUTH rpahiyHy MOLESIb | ONTUMASIbHUM
rni1aH 6aratoakTOPHMX JOCIAXKEHL TOKA3HUKIB MPU3HAYEHHST MOJIOTapPKM 3a I MaTeMaTuyHOro Moge-
JIIOBaHHS.

Meroan i maTepiann. CucTeMHUI MpuHLMM Mo6YygoBu, KOMOIHOBAaHMM MPOUHLN PYHKLIIFOBAHHS, HOBI
[HTEerpaTvBHI SKOCTI TEXHOJIOIMYHOI MacK Ha PI3HUX AI/ISHKAX, 3a/1€XHICTb OLIIHOYHMX MOKAa3HMKIB pO6OTH
Big 3HaYHOI rpy v YHHUKIB ((DaKTOPIB) BIJIMBY XapPaKTEPU3YOTb MOJIOTaPKY 3€pHO36MPasIbHOroO KOM-
6ariHa sk cucTemy. BigrnosigHO 4O LbOro A4/ il AOC/iOXeHb AOLi/IbHE 3aCTOCYBAaHHS METoAIB aHasli3y |
CUHTE3Y. 3aCTOCYBAaHHS METoAy aHasli3y ANGEPEHLIFOE Ha CKIaA0BI YACTUHM MOJIOTAPKU — CTRYKTYPHI,
GYHKLIOHA/IbHI, OLJIHOYHI TOLLO, Ta@ MOC/1AOBHO AOC/IANYE KOXKHY 3 HUX, @ TAKOX BU3HAYAE B3aEMO3B’S-
3aHY MOBENAIHKY KOXHOI YaCTuHU. MeToq CcuHTEe3y AOC/IAXYE Ta OLIIHIOE MOJIOTAPKY 3a YyMOBU LiJTIICHOI
€HOCTI | B3AEMO3’A3KY IT TEXHIYHUX | TEXHOJIOMYHUX CUCTEM.

Pe3ynbratn. Ocob/imBICTIO DYHKLIIFOBAHHS MOJIOTaPKUN € 6araToOMIPHICTb - HASIBHICTb 6aratbox BXiA-
HUX | BUxigHuXx nepemiHHux. OOHIEIO 3 MOXK/INBUX | JOCTYHUX AJI9 aHasli3y € IHopMaLliviHa MoAesib
MOJIOTaPKMN 3 MHOXMHOK BXIQHMX MePEeMIHHNX (DaKTOPIB | KIIbKOMA OLIIHOYHUMMK - BUXIOHUMU. Bigrosig-
HO [0 MeToay aHas1i3y MOJIOTaPKY ANHEepPeHLIMOBaHO Ha CK/Ia40BI — TEXHOJ/IOMYHI CUCTEMU 6e3 IXHbOIro
@i3NYHOro BigoKpeMs1IeHHS 3 IT ck1agy. MOJIOTU/IbHO-cerapyBasibHy (MCC), cucTtemMy ocTaTto4yHoIl ceria-
pavii 3epHa (COC), cucremy oumnryeHHs 3epHa (CO3). OLIHOYHMMM MOKA3HUKAMM SKOCTI (DYHKLIFOBaHHS
| BUPaXEHHS BiAMNOBIAHOCTI iIXHIM TEXHIYHUM MapaMeTpaM i TEXHOJIOMTYHUM PEXMMAM € BTPATU 3€PHa 3a
MOJIOTaPKOO, Ii cucTeMamm, @ TakKoXX ApobsieHHS 3epHa B MCC.

JlocsigxeHHS QQYHKUIVIHMX 3B’S3KIB MiIDXK CUCTEMAaMU MOJIOTapKu 6a3yeETbLCS Ha aHasli3i CK1ady Ta Ha-
MPSAMKY PYXY i TEXHO/I0MYHNX MOTOKIB. BMICT 3epHa (BTPAT), LLJO BUXOANTL i3 MOJIOTAPKU, K/IIACUDIKYETh-
cs BiAnoBigHoO sk “BTpatu 3a cuctemamu COC i CO3”, IXHS cyMapHa BeimymHa CTaHOBUTE PiBEHb BTPAT
3a MOJIOTapKOoK AQ. BCTaHOB/IEHO, 1O BUCOKOMPOAYKTUBHI MOJIOTaPKM MOXKYTh MPaLoOBaTU B 3HaYHO
OI/IbLLIOMY TEXHOJIOMIYHOMY PEeXKMMI rnoaadi i rnporyCcKHOI 34aTHOCTI, KOJIM BTPATHU CTaHOBUTUMYTb 1,5 %.
BesnunHy nokasHnka AQ MOXHAE MPencTaBUTH K 3a/1€XKHICTb, 4O IKOI BXOASTb TEXHOJIOMYHI PEXUMU,
TEXHIYHI NapaMeTpu MOJIOTaPKN Ta XapPaKTePUCTHUKN X1I6HOI Macu., BTpaTtu 3epHa 3a CUMCTEMOK cerna-
pauii 3epHa (AQc) npencTaB/ieHO SIK 3a/IEXHICTb Bi BTPAT 3€pHa 3@ CUCTEMOK cernapalil, TeXHIYHMX
napaMeTpiB [ TEXHOJIOMYHNX PEXMMIB cucTem ocTtatoyHol cenapadii (COC) 1a oymiyeHHsS 3epHa (CO3),
a TaKOXK BOJIOIrOCTI COJIOMU, MOJIOBU | 3€pPHAE. AHAI0rYHI OBrPYHTYBAHHS Ta 3aJ1IEXKHOCTI BUKOHAaHI 415
cucrtem MCC.

Cnig 3ayBa)kuTtu, LLJO Takil gocsigxeHHs pobotu cuctem COC ta CO3 jogo SKoCTi poboTu — BTPAT
3epHa - MoB’sI3aHI 3 METOANKOK BHN3HAYEHHSI OCHOBHOIO MMOKA3HUKA Mpu3Ha4YeHHs - rporyCcKHOI 34aT-
HOCTI MOJIOTAPKHN. YCTaHOB/IEHO 3B’S30K | 3a/1€XKHICTb (hOpMyBaHHS abCOJIIOTHOI BE/INYMHM MTOKA3HNKA
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MPOryCcKHOI 34aTHOCTI cucTtem - mosiotapku, MCC, COC ta CO3 Big Be/IMYuHN pOrnyCcKHOI 34aTHOCTI
MCC, BTpat 3a mosiorapkoro 1a cuctremamm COC | CO3, TeXHOJIOMIYHUX pexxnmiB poboTu cuctemm COC |
CO3 1a yMoBu IXHLOro hyHkKLiItoBaHHS (BOJIOriCTh APRIGHOro BOpOXY, MNoJs/ioBM T4 3€pPHa B CUCTEMI). BusaB-
JIEHO 3aJIeXHICTb MOLKOAXEHHS (APOO/IeHHS) 3€pPHa BiA TEXHIYHMX | TEXHOI0rYHMUX rnapamerpis MCC
Ta CTaHy 3epHa - BOJIOrocCTi.

YcTaHoOBIEeHO, O cernapyBasibHa 34aTHICTb MOJIOTaPKMN Ta KiJIbKICTb APOB/IEHOro 3epHa 3a/1eXaTh
Big YMOB | PeXXxuMIB iT po6OTHM - BOJIOrOCTI COJIOMU Ta LLUBUAKOCTI il pyxy yepe3 MCC. [lepLuodyeproBur
BM/INB Ha (hOPMYBAaHHS MPOrlyCKHOI 34aTHOCTI MOJIOTaPKM 3YMOBJIEHMM OCOBIMBOCTSIMMU 6Y40BU Ta pe-
Xxumamum pobotu MCC. KiZibKiCTb MOLLUKOAMEHOrO 3€PHAa 3aJ1IEXKUTL Bif] TEXHOJ/IOMYHOro pexmmy MCC -
Be/InYnHM 3a3opiB y MCC Ta yacTtotn obepTaHHS 6apabaHa.

BiarnoBigHoO [0 3B’A3KY Ta 3a/1€XKHOCTI [MOKa3HUKIB BTPAT 3epHa (Aq, Aq. i Aq, ) BpOo6GIeHHs 3epHa
(D, %) i npornyCckKHOI 34aTHOCTI (q, Q. Ta q, ) BI4 akTopIB, AKi BigHeCeHI 4O “YMOBU POOOTU”, “TexHI4YHI
rnapametTpm” 1a “TeXHOI0riYHI pexxmmun’”, po3pobs1eHO rpPaiyHy Moges/Ib MOJIOTAPKM Ha PIBHI LIMX MTOKA3-
HUKIB | paKTOPIB BJIMBY HA HUX.

[bahiyHa Mogesib, Hacamriepen, yCTaHOBJIOE 3aJ/IE)XKHICTb OLIIHOYHUX MOKA3HUKIB Bif IHLUMX. Lle, gk
1paBuIo, OLIHOYHI Ta QOYHKLIVIHI MTOKA3HUKM POOOTU — BTPATHU Ta APOOSIEHHS 3€pHa | MPpOrlyCckHa 34aT-
HICTb. [To6Yy1OBa KOXXHOI Takoi y3ara/lbHEHOI 3a/1E)XKHOCTI 6a3yeThCI Ha BUAOIIEHHI (DYHKLUIiIMIHOro 6/10-
KY, Sku 6a3y€eTbCS Ha OLIHIOBA/IbHOMY (AOC/1iAXYBAaHOMY) MOKA3HUKY Ta hakTopax, 6e3rocepeqHboro
BMJ/INBY Ha@ HbOIO.

BucHoBKM. Moi0TapKka 3epHO36MPaIbHOrO KOMOariHa - Lje CKAaaHa cuctema. Ii enemeHTamu € Tex-
HOJIOIMYHI CUCTEMU HUMKYOIO PIBHS, SKI XaPaKTEePUIYOTbCS TEXHIYHUMU MapamMeTpamMm, TEXHOIOMTYHM-
MU PEXUMAMU, YMOBAMU, SKICTIO POOOTU Ta MPOAYKTUBHICTIO. [JOC/IAEHO 3B’S30K | 3a/I€XKHICTE MIDK
e/IeEMeHTaMM PI3HUX rpyr (haKToOPIB CUCTEMU «MOJIOTAPKa 3€pPHO36MPaIbHOro KOMbariHa» (OLIHOYHUMMU
- AKOCTI pOOOTU, TEXHIYHUMM MaPAMETPAMU, TEXHOJSIOTIYHUMU PEXMMaMU | yMOBaMu poboTu). Ha uivi oc-

HOBI p0O3pP06./IeHO rpPaidyHy Moaesib MOJIOTaPKM.

KnroyoBi cnoBa. 3epHO36UpasibHUN KOMOGAaVIH, MOJIOTapKa, MOJIOTU/IbHO-CErnapyBasibHa CUCTEMA
(MCCQC), cucTtema cenapaLil, TeXHIYHI napamMeTpu, rpadiyHe Moaes/IFOBaHHS.

Beryn. [ochimkeHHs1 Oyab-sKOro 3ep-
HO30MpaJIbHOIO KOMOailHa IeplIoYeproBo
COpsSIMOBaHI Ha BUBYEHHSI MOro MaKpOCHC-
TeMU — MOJIOTAPKM Ta pO3pOOKYy MaTeMaTUY-
HMX MOZEJIEW TNMOKAa3HUKIB 11 MPU3HAYECHHS:
TEXHIYHUX MapaMeTpiB, TEXHOJIOTIYHUX pe-
KMMIB Ta OLIIHOYHMX IOKa3HMKIB. 3a BCiX
BUJIIB 11 JOCJiIXEHb, 3 YCIX MOXIUBUX (Ppak-
TOPiB BIJIMBY Ha OL[IHOYHI IMTOKa3HUKU poOO-
TU, PO3TJISIAAETHCS Ta 3aCTOCOBYETHCS TiIBKU
OJVH — IojJaYya TeXHOJIOTiYHOI Macu Ha 00-
MoJ10T. JlocmimKeHHST MoJoTapK (PaKTUYHO
0a3ylThCs Ha €KCIEPUMEHTAJIbHOMY METO/i
1 MPOBOJATHCS K LIUIICHOI MAaKpPOCUCTEMHM.
BonHouac o ckiaagy MOJIOTapKU BXOASITh
CUCTEMU OOMOJIOTY, OCHOBHOI i OCTaTOYHOIL
cemapallil Ta OYMILEHHSI 3€pHa SIK CUCTEMU
HUKYoro piBHs. Takuii METOOAMYHUIA Miaxin
0 MOJIOTAapKM HE A€ 3MOTU JOCIiIXKyBaTU
KOXHY 11 CUCTEMY OKPEMO.

3a KOHCTPYKUiHHUM BUKOHAHHSIM, KOM-
OIHOBAHICTIO TEXHOJIOTIYHUX IPOLIECIB, B3a€-
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Technical and technological aspects of development and testing of new machinery
and technologies for agriculture in Ukraine

MO3B’$SI3Ky Ta BILUIMBY T€XHIYHMX ITapaMeTpiB
1 TEXHOJIOTIYHUX PEXMMIB Ha OILIIHOYHI Ta
(byHKIIIITHI TOKAa3HUKU MPU3HAYEHHS — MPO-
MMyCKHA 3JaTHICTb, BTpaTU 3€pHAa 3a MOJO-
TapKolo, IpoOJIEHHS Ta 3aCMiYE€HICTh 3€pHa,
0COOJIMBOCTSIMU B3a€eMOJIil poOoyux opra-
HIB 13 TEXHOJIOTIYHOK MAacoOl0 1 BIUJIMBOM Ha
SIKiCTh BUXiAHOI IPOAYKIIil (3€pHO) MoOJOTap-
Ka XapaKTepU3YEThCS K CKJIagHa CHCTeMa.
IIpoBinHa poab y (opMyBaHHi OLIIHOYHMX
MOKA3HUKIB SKOCTI pOOOTU HAJEXUTb MO-
JIOTUJIbHO-cemnapyBaibHii cucteMi (MCC)
Ta cucteMaM ocrarouHoi cenapauii (COC) 3
rpyooro Bopoxy Ta ouuineHHs 3epHa (CO3).
KoxHa i3 3a3HaYeHUX CUCTEM Ma€ XapaKTepHi
0COOJIMBOCTI KOHCTPYKIIil Ta TE€XHOJOTIYHUX
MpoleciB. ¥ CUHTE3i 3 TeXHIYHUMU Tapame-
TpaMM pOOOUYMX OpPraHiB i CUCTEM Ta TEXHO-
JIOTIYHUMU peXMMaMUd BOHU OOYMOBIIOIOTb
JUUISI KOXKHOI MOJIOTApPKM KOHKPETHI OL[IHOYHI
MOKa3HWKM — CyMapHi BTpaTu, APOOJEHHS i
3aCMIYEHICTbh 3€pHA Ta NPOITYCKHY 30aTHICTb.
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MCC BUKOHYE CKJIQIHUI KOMIUIEKC TEXHO-
JoriuHux omnepauii. Cenapaliss 3epHa ae-
KOIO MOJIOTWJIbHOIO OapabaHa, BTpaTH 3epHa
3a CMCTEMOIO cemapailil 3epHa i MpOITyCKHa
3JaTHICTh BCi€l MOJIOTApKHU 3i 30iIbLLIEHHSIM
texHiyHux napametpiB MCC i conoMoTpsica
30inbyeToesd [Knénun, 1994].

Jtst onucy mpoleciB 0OMOJIOTY Ta cena-
palii 3epHa B aKCiaJJbHO-POTOPHMX 1 TAHTE€H-
LiaJTbHO-0apabaHHUX MOJOTapKaxX 3aCcTOCO-
BaHO KOMILIEKCHY i YHITapHY CTOXaCTUYHY
mareMaTuyHy Moneab [Iletpe, Miy; 2000].
OTpuMaHi piBHSIHHS ONUCYIOTH 1 KiJbKic-
HO BHM3HAYyalOTh BiICOTOK HEOOMOJIOYEHO-
ro, BUIBHOIO Ta BiJOKPEMJIEHOIO 3€pHa II0
JMOBXWHI MPOCTOPY MOJOTWJIBHOI CHUCTEMHU,
SIK-TO pOTOp ab0 YBIrHyTa IJIOLIMHA MOJIO-
TWIbHOI JAeKKU. TaKoX KiJIbKICHO BU3HAYEHO
BTpaTH MiJ 4yac oOMOJIOTY i cenapaliii 3epHa.

OtpumaHi pe3yJbTaTU OOCIIIXEHb MO-
JIOTapKU (HaBiTh OJHOIO THMITY) — PO3pi3HE-
Hi i mepeOyBalOTh Ha PiBHI MOAEIIOBAaHHS Ta
aHAJITUYHOIO aHaji3y OKPEMOl MOJOTApPKMU.

ITocTaHoBKa 3aBIaHb.

Meta po06oTH. YCTaHOBUTM 3B’SI30K i
3QJICKHICTh MIXK €J€MEHTAaMM PI3HUX TpyIl
(pakTOpiB cuUCTEeMM ‘“MoOJOTapKa 3epHO30M-
pajibHOro KomMbaiiHa” — IKOCTi poOOTH, TeX-
HIYHMMU TapaMeTpaMM, TEXHOJOTIYHUMU
peXuMaMu i yMoBaMu POOOTH.

Ha ixHii1 ocHOBiI po3pooutu 6aratodak-
TOpPHY rpadiyHy MOAEIb MOJIOTAPKU 3€PHO3-
OMpasbHOrO KoM0OaitHa 3 MOJIOTapKoI bGapa-
OaHHOTrO THITY.

3 ycix MOXJIMBUX (paKTOpiB BIUIMBY Ha
OL[IHOYHI MOKa3HUKU pPOOOTHM B MpakKTUILIi
MOCIIIKEHb PO3IJISAAETbCI Ta 3aCTOCOBY-
€TbCS TUIBKM OJWH — MoAaya TeXHOJIOTIYHOL
Macu Ha oOMoa0T. CUCTeMU, SIKi BXOASITH 10
CKJIaJly MOJIOTapKM, KOHCTPYKLIIAHO i TeXHO-
JIOTIYHO MOB’s13aHi MiX coboro. Ile ooymMoB-
JIIOE iHTErpajbHUI BIUIMB Ha (DOPMYBaHHS
KUIbKICHOI BEJIMYMHU OLIHOYHMX IOKAa3HU-
KiB 1 TIPOAYKTUBHICTb TMEPEPOOKU TEXHOJIO-
riYHOI MacHu, sIKa IOJA€EThCSI Ha OOMOJIOT,
cenapallilo Ta OYMIIEHHSI B MOJIOTapKy. I1x-
HIKJ XapaKTepUCTUKAMU € TEXHIYHI mapame-
TPU, TEXHOJIOTIYHI PEXMMH, YMOBU POOOTH,
30KpeMa II0Ka3HWKM, 10 XapaKTepu3ylOTh
CTaH XJIIOHOI MacHu.
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I'pacbiuHe MopeaOBaHHS MaKpOCUCTEMU
«MOJIOTapKa» 0a3yeTbCSI Ha BCTAaHOBJIEHHI
(pyHKIIIOHAJILHUX Ta iHIIMX 3B’S3KiB 1 3a-
JIEKHOCTI HE TUIBKKA MIXX CUCTEMaMM Pi3HOTO
(byHKUIITHOrO MpU3HAYEHHS, SIKi BXOASTh J10
il ckiany, aje ¥ Mixk ejeMeHTaMu-(aKTopa-
MM, 1110 HajleXXaTh KOXHIN TaKiid MigcUcTeMi.

st BCTaHOBJIEHHS TakKuUX (PYHKILIMHUX
3B’S13KiB i TOOYI0BU rpadiyHOi CXeMU MOJIO-
TapKKU HEOOXiTHO:

1. Po3pobutu
MOJIOTApKM.

2. IlpoBectu OOIpyHTYBaHHSI METO/IB,
SKi MPOBOIITH HOCIIIKEHHSI MOJIOTapKU 3
ypaxyBaHHSIM OCOOJIMBOCTEM TE€XHOJIOTIYHO-
ro NPUHLUITY OOMOJIOTY, TEXHIYHUX ITapaMe-
TpiB KOHCTPYKIIii, peXXumMy i yMOB poOOTU
— XapaKTEePUCTUK TEXHOJOTIYHOI MACH.

3. BusHauuTtu i nmpoaHajidyBaTHl BJIacTH-
BOCTI €JIEMEHTIB MOJIOTAPKHM, BITHOILLIEHb MIX
HUMM i BJACTUBOCTE MOJOTApKM SIK CUCTE-
MU 3arajiom.

4. BcTaHOBUTU MPSIMUIA 1 3BOPOTHI (PyHK-
LiiiHI 3B’I3KM MiX CHUCTEeMaMM MOJIOTapKu y
npolieci 11 podoTu, 30Kpema IiJ yac popMy-
BaHHSI MOKA3HUKIB SIKOCTi pOOOTH.

5. 3a pesyabTaTaMM BUKOHAHUX TOCIi-
JKeHb pO3po0UTH TrpadiyHy MOIe]b MOJO-
TapKu.

Marepiaau i meronu. CUCTeMHUI TIPUH-
U 1oOynIoBM, KOMOIHOBAHMI MPUHIIAI
(pyHKIIifOBaHHSI, HOBI IHTErpaTUBHi SIKOCTi
TEXHOJIOTIYHOI MAacH Ha pi3HUX AUISTHKAX, 3a-
JIEXKHICTb OLIIHOYHMX IMOKA3HUKIiB pOOOTH Bij
BEJIMKOI IpyNy YMHHUKIB ((paKTOpPiB) BILJIUBY
XapaKTepU3yIOTh MOJIOTApKy 3€pHO30Mpaib-
HOro KombOaiiHa sk cucteMy. BigmoigHo,
IS 11 DOCHIIKEHb HOLLIbHE 3aCTOCYBaHHS
METOJIiB aHaJlidy i CMHTe3y. 3acToCyBaHHS
METOAYy aHajidy Au¢epeHLIloe MOJO0TapKy
Ha CKJIaJOoBi YaCTMHU — CTPYKTYPHi, (PyHK-
LIiHI, OLIIHOYHI TOLIO Ta MOCJIJIOBHO JOCJIi-
JIKYE KOXHY 3 HUX, a TAaKOX BU3HAYa€ B3a-
€MO3B’s13aHY MOBEHAIHKY KOXHOI CTPYKTypH
(enremeHTa). Meton cMHTE3y AOCIIIXKYE Ta
OLIIHIOE MOJIOTApPKY 3a YMOBI LIUTICHOI €IHO-
CTi 1 B3aEMO3’SI3KY 11 TEXHOJIOTIUHUX CHUCTEM.

Pe3yabTaT mocliimkeHnb. 3a pesyjbTara-
MU JOCHIIKEHb Ta aHajlidy KOHCTPYKIIil 0a-
pabanHux MCC i npouecy oOMOJIOTY pO3-

iHpopMalliliHy MOJeJb

Bunyck
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pobOsieHO MaTreMaTU4yHy OaraTodaKTOpHY
Mozesb mpoiecy odbmosiotry B MCC, ycra-
HOBJIEHO PiBEHb BTpaT 3€pHa 32 MOJIOTAPKOIO
Ta MOKAa3HUKW MPOITYCKHOI 3JaTHOCTI.

Ha ocHoOBi ekcrnepuMeHTaJIbHUX TOCIi-
JUKeHb PpO3po0JIEHO MaTeMaTuyHa MOJIENb
(puc. 1) nokazHMKa NUTOMUX BUTpAT MaJiuBa
3epHO30MpaIbHUX KOMOAIHIB i3 MoJloTapKa-
MU pi3Hux TamiB [3aHbko, 2008; JloBeiikiH
Ta iH., 2016].

X1 Xz X3

Ha 1i ocHOBi po3po06ieHo rpadiyHy Mo-
JeJib, sSIKa BCTAHOBJIIOE 3aJIEXKHICTh MTMTOMMX
BUTpaT MajuBa BiJ TUIOLII MOJOTUJIbHO-CE-
napyBajabHux JeK MCC, mOoTy>KHOCTI JBUTY-
Ha Ta TPOAYKTMBHOCTI KoMOaiiHa. AHami3 i
Y3roJXKeHHs TexHiuHux napamerpiB MCC i
OLIIHOYHOTO TTOKa3HMKa poOOTU (BTpaT 3ep-
Ha) ONTUMI3y€E pexkruM pobOTH KombOaiiHa 3a
MUTOMMMM BUTpaTaMM TaJIMBa.

Ha ocHoBi rpadgiyHoi Moaesi po3pobJe-
HO METOAM BU3HAYEHHSI MUTO-
MMX BUTpaT MajuBa 3aJIeXKHO

Big TEXHIYHMX TMapaMmeTpiB i

Z

MosoTHIBHO-
Zy

cenapytoa

cemapariil Ta OUMIIEHHS
cHcTeMa pan =

3epHa

Y

MPOAYKTUBHOCTI KOMOaiHa.

/ BinnosigHO 10 MeTomy aHa-
JIi3y MOJIOTapKy IudepeHLiio-
BaHO Ha CKJIAJOBi TE€XHO-
JIOTIYHi cuUcTeMu 0e3 IXHBOTO
(¢i3MyHOro BiJOKpEeMJEHHS 3i
CKJIaly: MOJIOTUJIBHO-CEIapy-
BaibHy (MCC), cucremy ocrta-
To4yHOI cemnapatiii 3epHa (COC),
CUCTEMY  OYMIIEHHSI  3epHa
(CO3). OuiHOYHMMM MOKa3HU-
KaMM $SKOCTi (DYHKIUilOBaHHS i
BUPaXXEHHS BiIIIOBIAHOCTI IXHIM
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TEXHIYHUM IapamMeTpaMm 1 Tex-
HOJIOTIYHUM peXUMaM MPUIAHS-
Ti BTpaTU 3€pHa 32 MOJIOTAPKOIO

\\

Vi

X. (i =1, n) - TEXHIYHI NapamMeTPU TEXHONMOTIYHUX CUCTEM;
Z, (i =1, m) - XapaKTepUCTUKM XNiGHOT Macn (YyMOBM pPOGOTK);
U (i =1, k) - TeXHONOTIYHI PEXNMUN DYHKLIKOBAHHS;
V. (i =1, j) - cyG’eKTUBHI (DaKTOPW BMINBY Ha (OYHKLINHI
MOKa3HWKM POBOTK;

Y, - Y, - MYHKUINHI NOKa3HUKM MPU3HAYEHHS CUCTeMM cenapauii;
Y/- Y4/— (OYHKLIMHI MOKA3HMKKM MPU3HAYEeHHA CUCTEMU
OUULLIEHHSA 3€ePHa;

Y,//- Yz//— MDYHKLIMHI MOKA3HUKW NMPU3HAYEHHA MOJTOTAPKMW.

PucyHok 1 - [HbopMauinHa Mogenb MOTOTaPKMU
3epHO36MpPanbHOro KoMbamHa

ta i1 cuctemamu — COC, CO3
Ta apobsieHHs 3epHa B MCC mif
yac oOMOJIOTY XJIiOHO1 MacH.
JocmigKeHHs ¢yHKI1IiO-
HaJlbHUX 3B’SI3KiB MiX CHCTe-
MaMU MOJIOTapKu 0a3yeTbCsl Ha
aHaji3i CKJaay Ta HanpsMKYy
pyXy 11 TEXHOJOTIYHMX MOTOKIB.
Bwmict 3epHa (BTpar) y TEXHOJIO-
TYHUX TMOTOKAaX, SKI BUXOAATH
13 MOJIOTAPKM, Y COJIOMI CHUCTE-
MM OCTAaTOYHOI cerapaliii i Cuc-
TeMU OUYMILIEHHS 3epHa Yy I0JIO-

Ha ocHoBi MareMaTUYHMX Mopeseil Mmo-
OymoBaHO rpadiyHi Mopesi, BMKOPHCTaHi
IJIsl BU3HAYEHHS SKOCTI pOOOTH KJIACMYHOI
MCC — npobaeHHS 3epHa 3ajJIeXKHO Bif iioro
BOJIOTOCTI 1 TEXHOJIOTIYHMX 3a30piB y MO-
JIOTWIBHIMA CUCTEMi Ta 4acTOTU OOEpTaHHS
MoJIOTUJIbHOTrO 6apadaHa [OcunoB, 3aHbKO,
1997].
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Bi KJ1acU@iKy€eThCs BiINMOBIAHO SIK “BTpaTH 3a
cuctremamu COC i CO3”. YcraHoBJIeHO, 1110
KOXXHA MOJIOTapKa BU3HAYEHMX TEXHIYHUX
rnmapameTpiB Y KOXKHOMY KOHKPETHOMY T€XHO-
JIOTIYHOMY peXHMi poOOTU Ma€ IMEeBHUI pi-
BeHb BTpar 3a COC (Aq,, %) i CO3 (Aq,, %).
CymapHa ixHS BeJIMYMHA CTAaHOBUTb PiBEHb
BTpaT 32 MOJIOTAPKOIO A(:
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Aq=Aq, + Aq,, (1)

YcraHoBIE€HO, 110 BUCOKOIPOAYKTUBHI
MOJIOTApKM 31 3HAYHUMM TEXHIYHMMM Mapa-
Mmetpamu cucteM COC ta CO3 MoXyTh npa-
LIIOBAaTU Y 3HAYHO OLIBIIOMY TEXHOJOTIYHO-
MY PEXMMI Toaavi i MpONyCKHOI 30aTHOCTI,
3a IKOTO BTpaTH CTaHOBUTUMYThH 1,5 %. On-
HO3HAYHO MOXHa CTBEPXYyBaTH, 10 SIKiCTh
cenapauii 3epHa B COC (Ha coJloMOTpsICi)
Ta BUIUICHHSI Oro 3 IoJIoBU Oyne oOyMOB-
JIIOBAaTUCh CTAaHOM TEXHOJIOTIYHOI Macu —
BOJIOTICTIO COJIOMM 1 3epHa. BigmoBigHO 10
MPOBEICHUX OOIPYHTYBaHb BEJWYMHY I10-

Ka3HUKa Aq MO2XHa IpeacTaBuUTHU TakK:
Aq=f(U; X; Z), 2)

e AqQ — CyMapHUIi piBeHb BTpaT 3€pHa 3a
MOJIOTApKOI0, %;

U, — TeXHOJIOTIYHI peXUMU;

X, — TeXHIYHI MapamMeTpu MOJIOTapKH,

Z — yMOBU DOOOTH (XapaKTepUCTUKH
XJIIOHOT Macu).

BinHocHO sIKOCTi poOOTHM CHUCTEMM Cce-
napauii 3epHa (COC) BTpaTu 3epHa 3a HEIO
(Aq,) MOXHa IMOKa3aTu TaK:

29, =f (Ui X,i Z,); 3)

ne Aq, — BTpaTv 3€pHa 3a CUCTEMOIO Ce-
napairtii;

U, — TeXHOJIOrIYHI peXUMH POOOTH CHC-
temu COC (momaya TeXHOJOTIYHOI Macu Ha
00MOJIOT);

X, — texniuni mapamerpu cucremu COC;

Z, — yMOBHM (YHKIIIOBAaHHS CUCTEMU
COC (BoJsiOricCTh COJIOMH i TTOJIOBU Ta 3€pHA).

AHaJIOriyHi OOIpYHTYBaHHSI 1 3ajieXXHO-
CTi MOXHa MOOYyayBaTU TaKOX i I CUCTEM
MCC i CO3.

Crig 3ayBaxkuTH, 11O TaKe JOCTiIKEHHS
Ta JeTaJbHUI aHali3 poOOTU CUCTEM OYM-
IIIEHHS 3epHa Ta COJIOMOTpsIcA 1I0A0 SKOCTi
poOOTH — BTpaT 3€pHaA — IOB’SI3aHi 3 METO-
JUKOI BU3HAYEHHSI OCHOBHOTO MOKAa3HMKa
MpU3HAYEHHSI — IPOMYCKHOI 3IaTHOCTI MO-
JjotTapku. JIoriyHo, 1110 BOHA HE MOXe OyTHu
MEHIIIOIO 3a MPOITYCKHY 3JaTHICTh CKJIaa0-
BUX TEXHOJIOTIYHMX CUCTEM MOJOTApKU —
MCC, COC (TyT conoMoTpsica) Ta CUCTEMU
OYMILEHHS 3epHa, SIKi (POPpMYIOTh CyMapHUIA
piBeHb BTpaTu (3ajexHicTb 1). MoxHa on-
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HO3HAYHO KOHCTAaTyBaTW II€BHUI 3B’S30K i
3aJIeXXHICTh (opMyBaHHSI a0COJIIOTHOI Be-
JUYMHM TIOKa3HMKA MPOIYCKHOI 31aTHO-
CTlI KOXHOI 3 BiIMIY€HMX CHUCTEM — MOJIO-
tapku, MCC, COC ta CO3 Big BeJIMYUHU
MOKAa3HMKIB Aq, A, AqQ, Ta iHIIKMX IMOKa3-
HUKIB MPU3HAYEHHSI MOJIOTApKU. Y LbOMY
BUMNAJAKy TaKUMMU € TEXHIYHI IMapaMeTpu Ta
TEXHOJIOTIYHI PEeXWMHU BiAMOBIIHUX CUCTEM.
BupaxeHHs Takoro 3B’43Ky ISl MOKa3HMUKA
nponyckHoi 3gaTHocTi cucteMu CO3 MoxKHaA
MpeACTaBUTHU TaK:

q,=/f(q, U, X, Z), 4)

Je (, — MPOIYCKHA 3JaTHICTb CHCTEMU
CO3;

Aq, — BTpaTy MOJIOTApPKOIO 3€pHA 3a CHC-
TEMOIO OUMILICHHS 3€pHa;

U, — TexXHOJOr14Hi
cucremu CO3;

X, — texHiuni mapameTpu cuctemu CO3;

Z, — YMOBU (YHKIIIOBAHHSI CUCTEMU
CO3 (BojoricTth IpiOHOro BOPOXY, MOJOBU
Ta 3€pHA B CHUCTEMi).

ITig yac poOOTH MOJIOTApPKU Pa30M i3 MO-
3UTUBHUM MpPOLIECOM — BHMOJIOTOM 3€pHa
3 KOJIOCY € i HeraTMBHE SIBMILE: MEXaHiuHe
MOILIKOIXEHHS (ApoOJIeHHsST) 3epHa. 3ep-
HO TIOLIKOMXYEThCs TepeBaxxHo B MCC, ne
BOHO 3a3Ha€e 0OaraTopa3oBUX yIapiB 3 OOKy
Ooun O6apabaHa Ta cenapyBajibHOI JeKU. Kib-
KiCTh MOIIKOJXXEHOTO 3€pHa BU3HAYAETHCS
TaKOX 3a30paMM MiX JAEeKOw i OGapabaHoM,
IHTEHCUBHICTIO 3aBaHTaXXEHHS MOJIOTapPKU
TEXHOJIOTIYHOIO MAacOl0 Ta 4acTOTol obep-
TaHHsI OapabaHa, SIKy BCTAHOBJIIOIOTh 3aJI€X-
HO BiJl BOJIOTOCTi 3€pHa i COJIOMM, COJIOMUC-
TOCTI T€XHOJIOTIYHOI KYJIbTYpH, ITOoAa4i Macu
Ha oOMoJioT. BMiCT Takoro 3epHa B CKJIani
OTpUMAHOTO (OYHKEPHOro) 0OYMOBIIIOE OTO
nopaibuy, miciasg MCC, HasgBHICTb Yy BUXia-
HOMY 3 MOJIOTapKM TE€XHOJIOTIYHOMY IOTOLIi
«IpiOHa cosioMa + moJjioBa». BHAcCIigoOK 11bO-
ro Take 3¢pHO € 00’€KTMBHUM MOTEHILIiaIOM
At 30UTBLIEHHS BTpaT AqQ, y CKJajai BTpat
3a cucteMolo CO3. PakTUUHI BTpaTH 3epHa
30i1bIIYIOTHCS 31 30UIBLLIEHHSIM TToaaydi XJ1i0-
HOI MacHu B MoJioTapKy. OIHO3HAYHO MOXHa
CTBEPIKYBATU IPO 3aJE€KHICTh MOLIKOIXKEH-

peXuMu podOTU
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HY 3€pHA BiJ TEXHIYHUX 1 Te€X-

CO3

. . . ,_ _ _\
HoJoriyHux napamerpie MCC i = o |
CTaHy 3epHa — BOJIOTOCTI. D 4l | <
YcraHoBIEHO, 1O cemnapy- bl I S— =5
. s py MCC — -!— —————— —| (i=L10);
BaJbHA 3[aTHICTb MOJIOTApKU N m—_—— / M
Ta KiJbKiCTh APOOJIEHOIO 3epHa | — =5 q | 74 e
3aJIeKaTh BiJl YMOB 1 peXMMIB 11 o b || | |\ N
pOOOTH — BOJIOTOCTI COJIOMHU Ta B s = N 7T
LIBUAKOCTI i1 pyxy uepe3 MCC. = o L/
Hacamnepen, ocobauBocTi Oy- | T\ - : // -
JOBU Ta pexum pobdotu MCC BN \ N (H‘ﬁ)_
OOYMOBJIIOIOTh BIUIMB Ha (op- e | b J\| e het——1——{ coc
MYBaHHSI MPOMNYCKHOI 3JaTHO- I | L Jl '
g K . = U; G=1,K); —
cTi MonoTapku. KilbKicTh T0- N s === .
LIIKOXKEHOTO 3€pHa 3aJIe>KUTh \l:" ] /
. . o 5
Bil TEXHOJIOTIYHOTO pPeXUMY [ == : N | — f
: G-La);
MCC — BeauuuHU 3a30piB Y it

MCC Ta yactoTu oOepTaHHS
OapabaHa.

9o

BinnmoBinHO 10 3B’SI3Ky Ta
3aJIEXKHOCTI TIOKAa3HUKIB BTpaT
3epHa (Aq, Aq, i Aq,), npoGieH-
Ha 3epHa (D, %) ta mpomyc-
KHOI 30aTHOCTI (q, ¢, Ta ¢ ) Bil
(pakTOpiB, BiTHECEHUX 10 YMOB
poOOTH, TeXHIYHUX TapaMeTpiB
1 TEXHOJIOTIYHUX PEXUMIB PO3-
pobsieHO rpadiyHy MoAeIb MO-
JIOTApKM Ha PIBHI LIMX MOKa3-
HUKIB Ta ()aKTOpPiB BIUIMBY Ha HUX (puc. 2).

I'pacdiuna Monmens MoJiotapku (puc. 2)
HacaMIiepel YCTAaHOBJTIOE 3aJI€KHICTh (DyHK-
LIOHAJIbHUX TTOKA3HUKIB BiJ OLIIHOYHUX Ta
iHmmx. Lle, sK mpaBuWio, MPOIyCKHaA 3aaT-
HICTh Ta OLIIHOYHiI ITOKAa3HUKM poOOTU —
BTpaTHU 1 ApOOJIEHHS 3€pHa Ta 3aCMIYEHICTb
3epHa (umcrora). asg moOymoBM Takoi y3a-
raJbHEHOI 3aJIeXKHOCTI HEOOXiTHO Ha cXxeMi
BUIUIUTU DYHKLIMHUI OJIOK, SIKMI 0a3yeTh-
Cs Ha JOCJIIKYyBaHOMY MOKAa3HUKY Ta (hak-
TOpax, $IKi MalOTb HAa HbOTro Oe3IocepeaHii
BIUIMB (MO3HayeHi cuMBoJioM —>). Hampu-
KJ1aJ1, JOCJIiIXKEHHS OHOTO 3 MOKA3HMKIB pe-
XKUMY POOOTH CHUCTEMHU OUMILEHHS 3€pHa —
UI.(CO3), HeoOXiZHO po3moyaTu 3 I00YI0BU
MOro 3ajIexXHOCTi y 3arajJbHOMY BUIJISAL. 1o
11 CKJIaAy MOBMWHHI BBIATH TNEBHI NMOKA3HUKU
i3 pyn @akTopiB U, cocp Uigrecp Zicozr K
3B’s13aHi 3 LII€I0 TPYIOK MOKA3HMKIB BXiMd-
HUM CUMBOJIOM “—”:
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PuUcyHoK 2 - [paciuHa Moaenb MoNoTapky 6apabaHHOro TNy Ha
PIBHI MNOKA3HMKIB NpuU3HaveHHs: X, (7 =1, n) - TexXHiuHi napameTpu;
U, (1 =1, k) - TexHONOTiuHi pexxumu; Z, (1=, m) - yMOBU poBOTH,
d. - NPOMyCKHa 3AaTHICTb CUCTeMK cenapauii (CoNnomMoTpaAca),
d,~ MPOMYCKHAa 3AaTHICTb CUCTEMU OUYULLIEHHS 3€PHA;

— — OYHKLUINHI BiOHOLUEHHSA MPAMOro BrMBY; = - MYHKLUINHI
BiAHOLLEHHS 3BOPOTHOI MignopPAaKOBaAHOCTI

U f(u U Z 5)

i (CO3) - i (COC); i (MCC); > i (CO3))’ (

Oorosopennss. EdexkTuBHicTh  Mopmedi
MiATBEPIKEHO TPYHTOBHOK 0a3010 HaHUX,
OTPUMAHMX Mif Yac eKCIIepUMMEHTATbHUX
BUIPOOYBaHb POTOPHUX 1 TaHTEeHLIAJIbHUX
MOJIOTApPOK. Y3IrOIXKEHICTh IPOTrHO30BAHUX
i eKCnepUMEHTAJbHUX JAaHUX CBITYUTH, IO
BC1 PIBHSIHHSI € BUCOKO JOCTOBIPHUMM.

CyyacHi KOMOaliHM XapaKTepu3ylOTb-
CSl BUCOKOIO MPOAYKTUBHICTIO OOMOJOTY. 3
HEIO Y3rOMXKYIOThCSI TEXHIUHI XapaKTEPUCTU-
KM KoMOaiiHa, MiHiMajbHa BeJIMYMHA BTpAT
3epHa i BuTpatu nanusa [Hasig X. ta iH.,
2000]. Btpatu mnominsioTbcss Ha NPUPOIHI
BTpaTU A0 30MpaHHsS ypoxXaro, BTpaTW IIia
yac OOMOJIOTY Ta OYMILIEHHS 3€pHa i BTpa-
TH SIKOCTi 3epHa. Omnuc MpoueciB MOJIOTapKU
MaTeMaTUYHUMU MOJIEISIMU € TIEPIIUM KpPO-
KOM B igeHTUiKalil Ta MiHiMi3zalii BTpart
KoMmOaiiHa. Bu3zHaueHo aBa BaxKJMBi (pakToO-
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pHU, SIKi BIUIMBAIOTh HA MIPOJYKTUBHICTH KOM-
OaifHa: MpoOIyCKHA 31aTHICTh (IHTEHCUBHICTb
noaavi), sgka € (YHKIIEW IIBUAKOCTI KOM-
OailHa Ta BpOXaWHOCTI, 1 NMPOAYKTUBHICTb
MOJIOTApKM, siKa € (YHKIIE Bif 4YacCTOTU
00epTaHHSI PeXUMY pOOOTH MOJOTHUILHO-
ro 6apabaHa Ta MOro TEXHiYHUX PO3MipiB.
ITpoBeneHO (bakKTOpHUIT E€KCHOEPUMEHT i3
BUKOPUCTAHHSIM PAaHIOMiI30BaHOIO ITOBHOIO
0JIOKY 3 TpbOMa MOBTOpPHOCTSIMU. Excnepu-
MEHTH BpaXOBYBaJIM ABa (hakTopu (KOXEH Ha
TPbOX PIBHSIX): LIBUIKICTh MOTOKY 3€pHA Ta
MPOAYKTUBHICTh MojoTapku. Ilig yac Tecty
BUMIpIOBAJIMCSI 3arajbHi BTpaTH 3a MOJIO-
TapKolo. Pe3ynbTatu 3acBimumiv, 110 BILUIMB
000X (paKkTOpiB Ha BTpaTH 3a MOJOTApKOIO
OyB 3HAYHMM, Ha piBHi HMoBipHOCTI 1 %.
Mopaenp Oya0 BU3HAYEHO MHOXWHHOIO He-
JIIHIMHOIO perpeciero 3a IBUAKICTIO TTOTOKY
3epHa Ta NPOAYKTUBHICTIO 0OMoJOTY. Perpe-
CIiHMI OMCIIEpCIMHMIA aHali3 IOoKa3as, 10
OTpUMaHa MOJIeJIb € 3HAYMMOIO, Ha PiBHi
riMoBipHoOCTi 5 %.

IIpoBeaeHO  eKcnmepuMEHTaJbHI  J0-
CIIIKeHHsSI 3 BM3HAUYEHHsS CcerapyBajbHOL
3gaTHocCTi migdapabanHgs MCC, He30alaH-
COBAaHOCTI MOJIOTUJIBHOrO OapabaHa 3ep-
HO30MpaJIbHOIO KOMOaliHa Ta pexXumy Moro
pyxy. OTpuMaHi pe3yJbTaTu MOTPEeOYIOTh MO-
JNAJIbIIOTO PO3BUTKY B HAIPSIMKY MOJIENIIO-
BaHHS$I, OCKIJIbKM Ha CbOIOJHI HEJOCTAaTHbO
BUCBITJIEHI NMUTAHHSI MMOOYHOBM Oaratodax-
TOPHOI MaTeéMaTW4HOI MOJEJI PyXy HOpLil
XJ1I0HOI Macu B MOJIOTWJIBHOMY 3a30pi, i€
BpaxoByBaJMcsd O Taki (pakTOpu: CUJIM, SKi
JIIIOTh Ha XJIiOHY Macy ITiJ yac oOMOJIOTY, Mo-
Ka3HUKW HEBPiBHOBAXXEHOCTI MOJOTUJIBHOIO
OapabaHa 3epHO30MpaJibHOro KoMbaiiHa Ha
oro po0oOTy, IMHAMIKY PyXy MOJOTWJIBHOIO
OapabaHa. JlocmimkeHHIMU OUHAMIKU PyXy
MPUBOAHOIO MeEXaHi3My MOJIOTMJIbHOTO 0Oa-
pabaHa 3epHO30MpabHOTrO KoM0OaiiHa Ta BU-
3HAYEHHSIM HaBaHTaXEHHSI B MOro ejJeMeH-
tax 3aiimMaBcd Jloseiikin B. C. [JIoBelikiH Ta
iH., 2016].

BuBuyeHHST MOJIOTapKU, CIpPSIMOBaHE Ha
OTpUMaHHs poOouoi rpadiyHoi 3aJIeXKHOCTI,
OoyJio 00’exToM pociimkeHb XKanHiHa E. B.
Bin xapakTepusyBaB 3ajJ1eXKHICTh piBHS BTpaT
3€pHa 3a HEK y PI3HUX TEeXHOJIOTIYHUX pe-
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kuMax poooru. [XKamaHiH Ta iH., 1986].

Pesynbrati MopaenoBaHHSI MOJIOTapKU
KOMOiHOBaHOIro TUMNy Ha 0a3i TaHreHlialb-
Hoi 6apabaHHoi MCC Ta 0OChLOBOro COJIO-
Mocenapatopa rpyooro BOpOXy, 30KpeMma
II’SIThOX TUITIB MOJOTMJIBHUX IUTUPTIB (HO-
>KOBUM OJIOK, TpareuienoaioHuii, IUIoBUi,
IITUMTOBUM, pallllijb, OPYCOK i MPSIMOKYT-
HUK) pUCO30MpabHUX KOMOaliHiB, OTpUMa-
Hi Ha OCHOBIi Teopii HmoBipHocTel [Keitmn-
Koct, I'ana; 2000]. Pe3syabraTi 3acBiguniu,
110 OOMOJIOT i cemapallisl ITOTY>KHOI'O0 HOXO-
BOro 0jioka Oyja CUJIBHILIOK i SIKICHIlIO}O,
HIX iHIOI TANM MOJIOTWJILHUX 1WITU®TIB. Pe-
3yJbTaT BUIIPOOYBaHb IOKa3aau, IO KOe-
(iLieHT HEeoOMOJIOYEHOro 3€pHa CTAaHOBUB
0,243 %, xoedillieHT HEBiTOKPEMIIEHOTO
3epHa — 0,346 %, a koedilieHT OUTOTO 3€p-
Ha — 0,184 %. SIx cBiguath 1i pe3yJIbTaTH,
NPOOYKTHUBHICTH OOMOJIOTY Ta cemnapailil 3ep-
Ha 3HAYHO MOKpallWIacs 3aBISKU aHaJi3y
ONTUMI3alil CTPYKTYpPHM MOJOTUJIBHUX Opra-
HiB i (pakTOpiB, SIKi BXOASITH JO CKJIaay MO-
JIeJIi TOCTIIKYBAaHUX CUCTEM.

MopnentoBaHHS Ta MPOEKTYBaHHS MOJIO-
TapkKu KOMOiHOBAaHOro TWITy Ha 0a3i TaH-
reHuiagbHoi 6apadbanHoi MCC Ta ochOBOIO
coJioMocernapaTopa rpyooro BOpoxy 3aCToco-
BaHO MiJ Yac po3po0JICHHS PUCO30MPATbHUX
koMmbaiiHiB [Keiin-Koct, I'ana; 2000]. Po3-
JiJIbHE TEOPETUYHE MOJETIOBAHHS Ta €KCIIe-
PUMEHTYBaHHSI 0JIOKY MOJIOTUJIbHOI CUCTEMU
3 TaHT€HLIAJIbHUM IIOTOKOM XJIIOHOI MacH i
OJIOKY cerapyBaJibHOI CUCTEMM 3 aKClaJlbHUM
MOTOKOM Macu 3yMOBUJIO CTPYKTYPHi 3MiHU
BChOT'O MOJIOTMJIBHOTO OJI0KA.

BucnoBku. MosnoTapka 3epHO30Mpaib-
HOro KoMbOaliHa € CKJIagHOI CHUCTEMOIO.
[i KoMHoHeHTaMM € TeXHOJOriuHi cucre-
MU HWXXYOTO PiBHS, SIKi XapaKTepU3YIOTbCS
TeXHIYHUMU IapaMeTpaMu, TEeXHOJIOTIUHM-
MU peXuMaMu, YMOBaMU, SIKICTIO pOOOTHU
Ta NPOAYKTUBHIicTIO. JlocaimkeHo 3B’S130K i
3aJIEKHICTh MIX €JIEeMEHTaMM Pi3HUX TpyIl
(hakTOpiB CcUCTEMM MoJIOTapKa 3€pHO30U-
paibHOro KombOaiiHa (OLIHOYHUMM - SIKOCTI
po0OOTH, TeXHIYHUMM ITapaMeTpaMu, TEXHO-
JIOTIYHUMHU peXUMaMu i yMOBaMu POOOTH).
Ha wiii ocHoBi po3po0OieHo rpadiuHy MO-
nesib MoJoTapku. Takuii METOAUYHMIA TTiaXig
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JI0O MOJIOTapKM BCTAaHOBJIIOE 3B’SI30K MiX 11
CKJIAIOBUMM €JIEMEHTAMM - TEXHOJOTIYHUMU
CUCTeMaMH, A€ 3MOTY JOCIIIKYyBaTU KOXHY
il cucTeMy sIK OKpeMy (aBTOHOMHY), YMOBHO
He3aJleXXHy, IPOBOAUTM KOHKPETHMUII aHa-
JII3 KOHCTPYKIIil a00 TEXHOJOTIYHOI CXEMH,
00’€KTMBHO OLIIHIOBaTU KOHCTPYKIIii IMapa-
METpHU, SKOCTI poOOTM Ta IHIUI TMOKA3HUKU
MpU3HAYECHHSI.
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Summary

The purpose of research. To establish the connection and dependence between the elements
of different groups of factors - evaluation of the quality of work, technical parameters, technological
modes and working conditions - of the “thresher of a grain harvester” system. Based on them, develop
a graphic model and an optimal plan for multifactor studies of thresher performance indicators during
its mathematical modeling.

Methods and materials. The system principle of construction, the combined principle of operation,
the new integrative qualities of the technological mass in different areas, the dependence of the esti-
mated performance indicators on a large group of factors (factors) of influence allow us to characterize
the thresher of the grain harvester as a system. In accordance with this, it is appropriate to use methods
of analysis and synthesis for its research. The application of the analysis method allows you to subject
the thresher to differentiation into component parts - structural, functional, evaluative, and others - and
to sequentially study each of them, as well as to determine the interconnected behavior of each part.
The synthesis method allows you to study and evaluate the thresher under the condition of complete
unity and interconnection of its technical and technological systems.

The results. A feature of thresher operation is its multidimensionality - the presence of many input
and output variables. One of the possible and available for analysis is the information model of the
thresher with a set of input variable factors and several estimated - output ones. In accordance with
the method of analysis, the thresher is differentiated into components - technological systems without
physically separating them from its composition: threshing-separating system (TSS), final grain sepa-
ration system (GSS), grain cleaning system (GCS). Losses of grain by the thresher and its systems and
crushing of grain in the TSS are accepted as the evaluation indicators of the quality of functioning and
the expression of compliance with their technical parameters and technological regimes.

The study of functional relationships between thresher systems is based on the analysis of the
composition and direction of movement of its technological flows. The content of grain (losses) com-
ing out of the thresher is classified accordingly as “losses according to the GSS and GSS systems”.
Their total value is the level of losses at the thresher Aq. It has been established that highly productive
threshers can work in @ much larger technological mode of supply and throughput, at which losses of
1.5% will be observed. The value of the indicator Aq can be represented in the form of a dependence
that includes technological modes, technical parameters of the thresher, and characteristics of the
bread mass. Grain losses by the grain separation system (Aqc) are presented as a function of grain
losses by the separation system, technical parameters and technological modes of the final separation
(GSS) and grain cleaning (GSS) systems and the moisture content of straw and chaff and grain. Similar
justifications and dependencies are also performed for the TSS and POP systems.

It should be noted that such studies of the operation of GSS and GSS systems in terms of the qual-
ity of work - grain losses - are related to the method of determining the main indicator of the purpose
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- thresher throughput. The connection and dependence of the formation of the absolute value of the
throughput indicator of the systems - threshers, TSS, GSS and GCS on the value of the throughput
capacity of the TSS, losses from the thresher and GSS and GSS systems, the technological modes of
operation of the GSS and GSS system and their operating conditions (humidity small heap, chaff and
grain in the system.The dependence of grain damage (crushing) on the technical and technological
parameters of TSS and the state of grain - moisture was determined.

It was established that the thresher’s separation capacity and the amount of crushed grain de-
pend on the conditions and modes of its operation - the moisture content of the straw and the speed
of its movement through the TSS. The primary influence on the formation of throughput capacity of
the thresher is determined by the peculiarities of the structure and mode of operation of the TSS. The
amount of damaged grain depends on the technological mode of the TSS - the size of the gaps in the
MSS and the frequency of rotation of the drum.

In accordance with the connection and dependence of grain loss indicators (Aq, Aq_and Aq, ),
grain crushing (D, %) and throughput (g, g.and q,) on factors that are attributed to “working condi-
tions”, “technical parameters ” and “technological modes” a graphic model of the thresher was devel-
oped at the level of these indicators and factors affecting them.

The graphic model allows you to primarily establish the dependence of evaluation indicators on
others. These are, as a rule, evaluative and functional indicators of work - loss and crushing of grain
and throughput. The construction of each such generalized dependence is based on the allocation of a
functional block, which is based on the evaluated (studied) indicator and factors that have a so-called
direct - direct influence on it.

Conclusions. The combine harvester thresher is a complex system. Its constituent elements are
technological systems of a lower level, which are characterized by technical parameters, technolog-
ical modes, conditions, quality of work and productivity. A study of the connection and dependence
between the elements of different groups of factors of the “thresher of a grain harvester” system was
carried out (evaluative - quality of work, technical parameters, technological modes and working con-
ditions). Based on them, a graphic model of the thresher was developed.

Keywords. Combine harvester, thresher, threshing-separating system (TSS), separation system,
technical parameters, graphic modeling.
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