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MaremaTiyHa MOJI€JIb BEPXHBOTO POOOUYOTO €JIEMEHTA
MEXaHIYHO-ITHEBMATUYHOTO 30Mpayva KOMaxX-IIIK1THUKIB
NacIbOHOBHUX KYJIBTYP

B poboti HaBeieHI pe3yabTaTH MOUTYKOBUX TEOPETUIHHUX JOCIIIKEHh KOHCTPYKTHBHHUX 0COOIMBOCTEN
BEPXHBOTO POOOYOTO €NEMEHTY MPHCTPOI0 I MEXaHIYHO-THEBMATUYHOTO 30WMpaHHSA KOMax-IIKiTHHKIB
MacIbOHOBHUX KyNnbTyp. Ilig gac aHamisy HayKOBUX JpKepen Oylio BCTaHOBJICHO, [0 KOMaXHU-IITKITHUKH 3HAYHOIO
MIpOI0 TPHU3BOIATH 1O CEPHO3HMUX BTPAaT y CBITOBOMY BHPOOHHUITBI CLIBCHKOTOCIIONAPCHKOI MPOMYKIIi.
[Nectuiuanauii 00pOOITOK € OCHOBHHUM METOJOM OOpOTHOM 3 HHMMH, MPOTE Taka MPAKTHKA MPU3BOIUTH 0
3a0py/JHEHHs HABKOJIMIIHBOTO CEPEeOBHIIA, 3arpO3H 37I0POB'IO JIIOJMHYU Ta MiJBHUIIEHHS PU3UKY 3aXBOPIOBAHb.
VY 3B'I3Ky 3 MM BEJHMKa yBara NpUIUAETHCS PO3POOII €KOJIOriYHO OE3MeUHUX METOiB O00opoThOM. BusiBieHo,
10 OJHMM 3 HalOLIbII eeKkTUBHUX MeTOoxiB € (izuyHe 30MpaHHS KOMAaX-IIKiJHHUKIB NMPUCTPOSIMH PIi3HOI Iii.
Tomy nopaneia po3podka HOBUX KOHCTPYKIIN MPUCTPOIB Il BAKOHAHHS ITPOLIECY 30MpaHHs KOMax LIKiTHHUKIB
€ aKTyaJbHOIO 33/1a4el0. 3 I[i€10 METO0 OyB 3aIPONOHOBAHUN HOBMH NMPUCTPIN AJ1s 30MpaHHsT KOMaX-IIKiHUKIB,
MpU3HAYCHUH U1 e()eKTUBHOTO 30WMpaHHA MIKiIHUKIB MACIOHOBHX KYJIBTYp 3a JOIOMOTOI MEXaHIYHO-
THEBMaTUYHOTO MeTOAy. TeopeTHuHO OOrpyHTOBaHa KOHCTPYKIIS BEPXHBHOTO POOOYOTO €JIEMEHTa IPHCTPOIO
U 30MpaHHs KOMaX-IIKiTHUKIB 1 BCTAHOBJICHO, IO KYT aTakd poO0doi MOBEPXHI IMPUCTPOIO JIEKUTH B MEKaX
Bix 10 mo 60°. EdexTuBHICTH 3ampOIIOHOBAHOI KOHCTPYKIIi HOBOTO MPHUCTPOIO 3a0€3MMeUyeThCs IiABUIICHUM
BIUTMBOM MEXaHI4HOi Jii Ha POCIMHY NAacIbOHOBHX KyNbTyp 0e3 ii yIIKO/KEHHA 1 BUKIIOUEHHSIM BTPHUMAHHS
NIKIJIHWKa Ha BCIX PIBHSAX IO BHUCOTI POCIWHHM, MAKCHMAaJbHUM 30HpAHHSIM IIKIIHUKIB 32 OJUH MPOXi
HPUCTPOIO.

KOMAXH-IIKITHUKH CiJIbCHKOr0CHOAaAPCHKUX KYJbTYP, 30MpaHHS IIKiTHUKIB, MPHUCTPill s 30UpaHHS,
JAe3UHCEKTOP, 3aXHCT POCIHH

ITocranoBka npoodJieMu. Ha CHOT'OIHIIIHIN JIEHb KOMAaXU-IIKITHUKA
CITbCBKOTOCTIONIAPCHKUX KYJIBTYp 3alUIIAIOTHCS OAHIEID 3 HAWBAKIUBIMIUX TMPOOJIEM Yy
CBITOBOMY CITBCBKOMY TOCTHOJAPCTBI. 3TiIHO 3 TIOBIAOMJIGHHSM TIPOJOBOJIbUOI Ta
ciapcpkorocnonapchkoi opranizaiii (FAQO), MIKITHAKY MIOPIYHO MPU3BOAATH 10 BTpaT Bix 20
10 40 BIACOTKIB BUPOOHMIITBA CUIBCHKOTOCTIONAPCHKUX KyJIbTyp [1]. EkoHOMIuHUI 30UTOK
BiJI PO3MOBCIO/KEHHSI KOMAaX-IIKITHUKIB OIIHIOETHCA MPUOINU3HO y 220 MUIBSIpIIIB 10JIapiB
CHIA nHa pik, a BTpaTH BiJ IHBa3WBHHX BHU/IB KOMax CKJIaAarTh OJM3bKO 70 MiTbApIiB
nonapiB CIIIA mopiuno [1]. ¥V 3B'I3Ky 3 MM CLIBCBKOTOCIIOAAPCHKE BUPOOHUIITBO
BUKOPHCTOBYE IIUPOKHM apceHan MeCTUIUAIB A MiJBUIICHHS BpPOXAMHOCTI, SKOCTI 1
TPUBAJIOCTI 30epiraHHs KyJnbTyp. ToMy TOCTiiiHE 3pOCTaHHS HAaceJIeHHs Ta IIBUIKA
ypOaHizallis NPU3BOAATH A0 301IbIIEHHS BUKOPUCTAHHS TaKUX XIMIKATiB, 1[0 B CBOIO YEPry
BeJe N0 3a0pyJAHEHHS HABKOJHIIHBOTO CEpEJOBHINA Ta 3arpo3d 3A0POB'I0 JIOJUHHU.
besnepepBHe 3acToCcyBaHHS TECTHLHIIB MOXE MPHU3BECTH A0 CEpHO3HHX MpolieMm 3i
3I0pOB'SM JIIOAMHH: pak, TEHETUYHI Ta PECHipaTOpHi 3aXBOPIOBAHHS, a TaKOX MOXe
BIUTMHYTH Ha PO3BUTOK mmiony [2]. OTxke, y CUIbCBKOMY TOCHOIAPCTBI Ty’Ke Ba)IJIMBO
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BIIPOBA/KYBATH TEPEJOBI TEXHIYHI PIMICHHS JUIsl paHHBOTO BHSBICHHS KOMAaX-IIKiJHHUKIB,
3armo0iraHHIO0 HAAMIPHOMY BUKOPHUCTAHHIO TIECTUIIUIIB Ta BUKOPUCTAHHS €KOJIOTIYHO YHUCTUX
METO/IiB OOPOTHOU 3 HUMH.

Exonoriyauii 3aXucT pOCIuH CTaB HEOOXITHICTIO Y Cy4aCHOMY CBIiTi, @ BAKOPUCTAHHS
MamuH Ui (pisuuHOro 300py KOMAax-IIKITHHUKIB BifoOpaskae NparHeHHS 10 CTBOPEHHS
€KOJIOTIYHO YUCTOI poayKIlii pocauHHUITBA. L1 TexHOOTIi B)Ke 3HAHOM1 CBITOBIHM MPaKTHII
[3-5], anme st TOCATHEHHSI ONTUMAIBHUX PE3YJbTaTiB MOTPIOHO MOCTIHHO BAOCKOHAIIOBATH
arperaTd Ta peryJlioBaTH pekuMu ix pobOotu. I[IpobGrema 3HUKEHHS BpOKAHHOCTI
NacIbOHOBUX KyJIbTYp BHUKIMKAHA IIKI[UIMBUM BIUTMBOM KOJOPAJACHKUX >KYKiB, a HH3BKI
MOKa3HUKH YPOKAHHOCTI IUX KYJbTYp CBIIYaTh MPO HEOOXIIHICTh 3aCTOCYBAHHS XIMIYHUX
3ac00iB 3aXMCTy AJIs 30UIbIIeHHS BUpOOHHUITBA. [IpoTe BUKOpHUCTaHHS NECTUIUAIB, HABITH
HaWOIbII O€3MeYHUX, MPU3BOAUTH 1O 3a0pYIHEHHS MTPOIYKINI Ta JOBKULIS 3aJIUIIKAMH
XIMIYHUX PEUOBHMH Ta iX MOXIIHUX, SKI MOXYTh OyTH HaBITh OUIBII TOKCUYHUMH, HIXK cami
3aco0H 3aXHUCTy.

ToMy BUKOpPHCTaHHS JE€3MHCEKTOPIB PI3HOrO TUMY Jii y BUPOIILYBaHHI MACIbOHOBUX
KyJIbTyp CTa€ aKTyaJbHUM HaMpsIMKOM Ui OTPUMAaHHS MPOAYKII BHCOKOI SKOCTI,
BKJIIOYAIOYU TPOAYKTH JIsi JAI€ETUYHOTO XapuyBaHHsS [iTeH, Ta CHOPUATUME 3MEHIICHHIO
BUKOPHUCTAHHSA MECTUIM/IB 1 IX HETaTUBHOTO BIUIMBY Ha HABKOJIUIIHE CEPEIOBUILIE.

AHaJii3 0CHOBHHMX J0CJHi:KeHb i myOaikaniii. Ha cborogHinmHabpoMy eTami po3BUTKY
CITBCBKOTO  TOCTOJApPCTBA IO BCHOMY CBITI CIOCTEPITAETHCSA 3POCTAHHS  3aXO/IiB,
CHPSIMOBAHUX Ha BUPOOHHUITBO EKOJIOTIYHO YHCTOI Ta 30POBOi CUIBCHKOTOCIOAAPCHKOT
MPOJYKIIii, 3 BUKIIOUEHHSAM BHUKOPUCTAHHS XIMIYHHX 3aco0iB. OQHMM 3 OCHOBHHMX METO/IIB
KOHTPOJIIO 32 IIKITHUKAMHU JUIsI YMOB €KOJIOTIYHO YHUCTOTO BUPOOHMIITBA € Oe3mocepe i ix
30ip [6] 3a JMOMOMOTOI0 MEXaHI30BaHMX 3ac00iB [7], TakWX sSK MEXaHIYHI 1 TTHEBMAaTHYHI
IPUCTPOIT, 3 MOAATBIINM iX 3HUIIECHHAM [8].

Hocmimxenns Bincenra C. [9], mpoBeneHi y 1a00paTOpHUX YMOBaX 3 JUYMHKAMH 1
JOPOCIIMMHU 0CO0aMH TIOMEPKIIOTO POCIMHHOTO KIIOMA, MOKa3ajH, 10 MHEBMATUYHUNA METO.
300py TakWX IIKITHHUKIB BXKE HA TIEPIIOMY MPOXOi MPU3BOAUTH A0 3HAYHOTO 3MEHIIEHHS 1X
YHCEIBHOCTI, JocATaroun e(eKTUBHOCTI Ha piBHI 65%, a mpU MOBTOPHUX MPOXOJaX AKICTh
300py MoXke csiratu HaBiTh 85%. 3’scyBajnoch, MO SKICTh 30MpaHHS JIMYMHOK BUSBUIACDH
BUIIIOIO MOPIBHSHO 3 JOPOCIMMH KOMaxaMu, aje MpH 3CyBaHHI JOPOCIMX OCOOHMH 3 MiCIs
30upanns nominuryetsess Ha 20%. OTxe, aBTOp poOOTH PEKOMEHAYE BKIIIOUATH €JEMEHTH
CTpPYILYBaHHS B KOHCTPYKILIi 30MpagbHUX MPUCTPOIB, M100 30UIBIIUTH €PEeKTHUBHICTH 300pY
IIKITHUKIB, TIEPEIIKOKAI0YH IXHBOMY TIOJIbOTY 3 POCIMHH JI0 TIOBEPXHI IPYHTY.

Pobota [10], Bkasye Ha HEOOXiIHICTh KOMIUIEKCHOTO MiJIXOAy A0 300py Komax-
IIKITHUKIB. Po3risaeTscs po3po0iieHa MHEBMAaTHYHA MalliHa Ha 0a3i KOJICHOTO TPakTopa,
sgka Oyna BuUmpoOyBaHa y OOpoTHOl 3 KOJOPAJACHKUM JKYKOM Ta TOMEPKIUM POCIUHHUM
KJIOTIOM Ha IMocajKaxX KapToIUIl 1 MOJYHUYHUX KyJbTypax. OTpuMaHi pe3yJbTaTH MMOKa3aly,
mo 1eit Meron OOpoTbOM 103BOJsIE €(PEKTUBHO 3HHUIYBATH IIKITHUKIB HAa PI3HUX CTamisX
iXHBOTO PO3BUTKY 1 MOXE OYTH 3aCTOCOBAHUMN TSI 1HIIIMX CIIBCHKOTOCTIONIAPCHKHUX KYJIBTYP.

VY po6ori [11], I'yiron T. Bka3zye Ha Te, [0 BUKOPUCTAHHS THEBMATUYHUX CHCTEM JIJIS
00poTHOM 31 MIKITHUKAMHU Ma€ YuciieHHl nepeBaru. Lle He numie edheKTHBHUN 1 €KOHOMIYHO
BUTIIHUNA MeToJ OO0poOKH, aje 1 METON, L0 CHpUSE€ EKOJOTTYHOMY BHPOIIYBAHHIO
CUIbCHKOTOCIIOJAPChKUX KYJIbTYpP, MOKpAlly€ YMOBH Ipall MEXaHI3aTOpiB Ta J0NOMAarae
3MEHIIUTH BUKOPUCTAHHA TECTULMIIB, 1I€ TaKOX Ma€ MO3UTHUBHHUI BIIMB Ha TIPYHTOBE
cepenoBuiie. [IponoHyeThCs BUKOPUCTAHHS MMHEBMATHYHOI YCTaHOBKH IJisi 300py KOMax-
HIKITHUKIB TacIbOHOBUX KYIBTYyp, @ TaKOX OOTPYHTOBYIOTHCS OCHOBHI TEXHOJOTIYHI
napameTpu ii poOo4oi wacTuHH. ABTOpP 3pOOMB BHUCHOBOK NpPO T€, IO BUKOPUCTAHHS
KyHOJBbHUX KOHCTPYKIIIM poOOUNX €EMEHTIB TAKUX MAINH € JOPEUYHUM 1 IEPCIIEKTUBHUM.
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B inmomy nocmimxenHi [12], aBTopu apryMeHTOBaHO MPOMOHYIOTh KOHCTPYKIIiO
ITHEBMOJE3MHCEKTOpa JUIsl 30MpaHHSA KOMax-LIKIAHMKIB MAaclIbOHOBUX KyJlbTyp. BoHun
NPOTOHYIOTh BHUKOPUCTAaHHS po00Y0i Kamepu 30upaya 3 IIUIMHAMHU IO BCil BHYTpIIIHIN
MOBEPXHi, SAKUH Mae MiAKOBOMOMIOHY (GopMy, 3aBASKH MOBITPSHUM MOTOKaM 3 000X OOKiB
Kamepu 3abe3neuyerbest 30ip mKigHUKIB. [lics ananizy poOoTu nmpucTporo O0yino BU3HAUEHO,
10 MMHEBMATUYHHUI Ccroci® 300py KOMax-IIKiTHUKIB € TIEPCIICKTUBHUM 1 MOXE 3a0€3TMeUnTH
BUCOKI pe3yJIbTaTu y 60poTh0i 31 MIKiTHUKAMU MAaCIbOHOBUX KYJIBTYP.

KonexktuB aBTOpiB B pobOoTi [13] mpoBiB TeopeTwyHe OOTPYyHTYBaHHS 30HM il
HEBMATUYHOTO MPUCTPOIO Ui 30MpaHHA KOMax-UIKIAHUKIB TAaCIbOHOBHX KYJBTYD.
[IpoBeneHMit HUMHU aHaATI3 ICHYIOUMX TPHUCTPOIB I 30MpaHHS IIKIIHUKIB IOKa3aB, IO
KOJHA 3 HAsBHUX KOHCTPYKI[II HE MOXeE TMOBHICTIO 3aJ0BOJBHUTH BUMOTH II0J0
MIHIMQJIBHOTO TPaBMYBaHHS POCIWH 1 MaKCHUMaJIbHOI €()EeKTUBHOCTI 300py IIKIIHUKIB. Y
3B'SI3Ky 3 IMM Oyna po3pobiieHa 1 3ampoNoOHOBaHAa HOBAa KOHCTPYKLiS HPUCTPOIO, SKa
JTO3BOJISIE SIKICHO 30MPATH IIKITHUKIB MACIhOHOBHX KYJIBTYD, YHUKAIOUH TTOIIKOPKEHHS POCITHH.

B nopansmomy B [14] posrisHyTo kiacudikamiio MeToaiB 60poThOH 31 MIKITHUKAMH
CLITBCHKOTOCTIONIAPCHKHUX KYJIBTYP 1 MPOBEIECHO aHalli3 UX METOMiB. BUCHOBOK 3po0ieHo Ha
KOpPHUCTh (hI3MKO-MEXaHIYHOTO IMHEBMATUYHOTO METOMY, SKHHA BBAXKAETHCA HAMOLIBII
e(eKTUBHUM Ha CyYacCHOMY e€Tallli pO3pOOKHM METOIIB 3aXHCTY CUIbCHKOTOCIOAAPCHKUX
POCIIUH BiJ] KOMaX-IIIKiTHUKIB.

[IpoBeneHui aHami3 KOHCTPYKIIN 1 MOCHIIKEHb MAaIIWH Uil 30UpaHHA KOMax-
IIKiZIHUKIB TIOKa3aB, 10 B OCTaHHI POKH HaiyacTille BUKOPUCTOBYIOTHCS MAIIUHH 3
MTHEBMATHUYHOIO CHCTEMOIO 30MpaHHS, ajJie OCKUIBKM B 0araThbOoX KOHCTPYKIIISIX MPHUCYTHI
JOJATKOBI ~ €NIEMEHTH Uil TNPUMYCOBOTO CTPYIIYBaHHA KOMaXx-IIKiTHUKIB  MOXHa
CTBEPKYBATH, 110 B 3HAYHIN Mipi MOXHA IEPEHECTH OCHOBHY IO TIPUCTPOIO JIJIsi 30UpaHHS
HA MEXaHIuHy JiI0 Ha IIKiJHWKA, a 301p 1 3HUIICHHS MOKJIACTH HA ITHEBMATUYHY CHCTEMY.
OCK1IbKM BUKOPHCTaHHSI CaMUX THEBMATUYHUX CUCTEM SK 3 OJHUM HalpsIMOM IOTOKY TaK 13
JIBOMa Pi3HUMH HaIlpsIMaMU HE B MOBHIM Mipi MOXYTb 33JOBOJILHUTH 30i1p KOMaX-IIIKiTHUKIB
pI3HOTO BIKY 3a PaxyHOK iX PI3HMX aepoJWHAMIYHHMX XapaKTEPUCTHK, a TaKOX MpH il
NOBITPSIHMX TOTOKIB YacTHHA IIKIJIHUKIB TMaJa€ Ha TOBEPXHIO TIPYHTY, MICIAS 4YOro
MOBEPTAETHCS HA POCIUHUA. TOMY TOTPIOHO POOUTH HACTYIHI MTPOXOH, 110 MOYKE HETATUBHO
BIUIMBATH HA LITICHICTH CAMHUX POCIHH MACIbOHOBUX KYJIbTYp. IlepcieKTMBHUM HampsiMoM
JUIST pO3pOOKHM 30MpadiB KOMaxX-IIKITHUKIB MOXe OyTH MEXaHIYHO MHEBMAaTHYHHKA 30mpad,
KM MEXaHIYHO 30Mpa€ MIKiTHUKIB, @ THEBMAaTHYHO iX TPAHCIOPTYE B 30HY 3HUIIICHHS.

ITocTanoBKka 3aBaaHHsi. MeTa poOOTH: TEOpETUYHE OOIPYHTYBaHHSI KOHCTPYKTHBHUX
0COOJMBOCTEH BEPXHHOTO POOOYOrO EJIEeMEHTa IOBEpXHI MPHCTPOIO I MEXaHI4HO-
MTHEBMATHUYHOTO 300py KOMaX-IITKiTHUKIB.

JUnist focsiTHEeHHsI METH, BUPIIYBaJld HACTYIIHI 3a/1a4i:

- TPOBECTH aHaJ3 Cy4YaCHUX KOHCTPYKI[H 30upadiB KOMaxX-IMIKIAHUKIB 3 METOIO
BU3HAYEHHS IX IepeBar i Hel0JIiKiB IIpH BUKOHAHHI IpoIiecy 30MpaHHs;

- po3poOUTH MaTEeMaTUYHy MOJIEIb MPOIECY POOOTH OJHOTO i3 POOOUYUX EIIEMEHTIB
3arpoONOHOBAHOI0 30Mpaya KOMaXx-IIKiJIHUKIB Ta BCTAHOBUTH TEOPETHYHO HOTO MapamerpH
SK1 BIUTUBAIOTH HA MPOIEC 30UpaHHSI.

BukiageHHs: 0CHOBHOro Martepiany. Ha ocHOBI mpoBeleHMX €KCHEepUMEHTAIbHUX
JOCIIPKeHb, CIUPAIOYHNCh HA paHimie mpoBeaeHi pobotu [3-5,15-17] BuU3HA4YEHI OCHOBHI
HEJONIKKA 30UpaTbHUX MPHUCTPOIB MHEBMATHUYHOTO THUMY sl OOpOTHOM 31 HIKITHUKAMHU.
OCKUTBKM OUTBIIICTh KOHCTPYKIIH TakuX MNPUCTPOIB MAlOTh BCMOKTYBAJIbHI IIUTMHH TO
HEPIBHOMIPHUIM pO3MOALIT MOBITPSIHOTO MOTOKY B HHUX NPUBOJAUTH A0 HeehEKTUBHOTO
30uMpaHHs 3 TOBEPXHI POCIWH IIKIIHUKIB CUIBCBKOTOCHOAAPCHKUX KyJNbTyp. [HIIMM i
TOJIOBHHM HEJOJIIKOM TaKuX MPHUCTPOIB € (GOpMyBaHHS ACKIIHKOX MOTOKIB AKI B3a€MOJIIOUN
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YTBOPIOIOTh HACTYIHHUM TEXHOJIOTIYHMHA MpoIec - NpU 3AyBaHHI IIKIJIHUKIB IOTOKOM
HarHiTaHHS BOHM PYXAalOYHCh JI0 MOBEPXHI IPYHTY HE BCTHTAIOTH BCi MOTPAILUIATH B TIOTOKH
BCMOKTYBAHHsI, @ OUIbII MOJIOJI OCOOH SIKI MOXYTh TPUMATUCH OLIIBII CHIIBHO 33 MOBEPXHIO
JUCTS 30BCIM HE 3AYBAaIOThCA 1 3aJIMINAIOTHCS HA MICII, a 1€ NPUBOAUTH JO TOTpeOH
NOBTOPHUX MPOXOJIB arperaty i 3HIKEHH sikocTi 00poOku. Tomy pobGoTa Haj NMPOBEICHHAM
YIOCKOHAJICHHSI PUCTPOIB I 30MpaHHs IIKITHUKIB € aKTyaJbHOIO.

Jns yCyHEHHsS BUSIBIGHHMX HEJOJNIKIB ICHYIOUMX TNPUCTPOIB HAMM 3alporOHOBaHA
YIAOCKOHAJICHa KOHCTPYKIliS TPHUCTPOIO i 30MpaHHS KOMaX-IIKiHWKIB SKHUH BUKOHAHUHN
TPUPIBHEBUM 3 pOOOYMMH €JIeMEHTAaMH Ha KO>)KHOMY piBHI, HA BEpXHbOMY DIBHI pOOOUMii
€JIEMEHT BUKOHAHUI y BUIVISAAI CTYNICHEBOI TOBEPXHI B MOB3/I0BKHHOMY HAIIPSMI 3 INTABHUMHU
nepexojaMu, Ha CEpeHbOMY pIiBHI pOOOUYMIl €JeMEHT BUKOHAHUM MAacHBOM T'HYYKHX
KOHIYHUX CTPWIKHIB PO3MIMICHUX 3 MEPEKPUTTSAM B BEPTUKAIBHIN IUIONIMHI, HA HHUKHBOMY
piBHI poOOYMIi €JeMEHT BUKOHAHWUN y BUTIJISAL MOXUIIOTO JIOTKA, NMEpeAHs YaCTHHA SKOTO
BHUKOHAHA KJIIMHOBOIO, & CEPEe/IHS 1 3aJJHS CTYIMIHYACTOIO 3 IUIABHUMH NIEPEX0IaMH, CaM JIOTOK
Ma€ BUCOTY, 10 IOPIBHIOE BUCOTI YETBEPTOi YACTUHH BUCOTH CAMOT'O IIPUCTPOIO.

Ha puc. 1 HaBemeHO cXeMy YJOCKOHAJIEGHOTO TPHCTPOIO Ui 30MpaHHS KOMax-
IIKiTHUKIB. 3arpONOHOBAaHUNA TPUCTPIA AN 30MpaHHS ILIKITHUKIB CKJIAZA€THCS 13 paMKH
Koprnycy 1, BepXHbOro poO0YOro eIeMeHTy 2, CepeHLOT0 pOoO0UYOTo €IeMEHTY 3, HIKHBOTO
pobouoro eneMeHTy 4, 30MpanbHOI HIUIMHY JIOTKA 5, 3a0ipHOI KamepH 6.
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Pucynoxk 1 — CxemaTudHe 300paXeHHSI MEXaHIYHO-ITHEBMAaTHIHOTO MIPHUCTPOTO [T 30MpaHHs KOMaX-IIIKiTHUKIB
Locepeno: pospobaeno agmopamu
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[pamtoe 3amporoHOBaHMA TPUCTPiil At 30MpaHHS MIKIAHUKIB HACTYITHUM YHUHOM.
[lin yac pyxy MHpUCTPOIO B PSAJIKY POCIUHM MOTPAIUISIOYM B IEPEIHI0 HOro 4YacTUHY
CTHCKYIOTBCSI B HIDKHIH YaCTHHI KJIMHOBOIO TIOBEPXHEIO poOo4yoro enemMeHty 4 B
TOPU30HTANBHIN TJIOLINHI, B TOM K€ Yac MiJ J1€l0 BEPXHHOTO poOOYOro eIeMeHTy 2 POCIUHU
HArvHAIOTHCA B BEPTUKAIBHIN TUIOMIMHI 1O HANPSMY PYXY BHKJIMKAIOUU HAPY>KEHHs cTeOa
camoi pociunu. Ilicns TOTPANISHHS BEPXHbOi 1 HMKHBOI YAaCTMHHU cTeOJa B MEPEXOu
poOOUYMX MOBEPXOHB €IEMEHTIB 2 1 4 BiIOYBa€ThCs 3HATTA HANPYXKEHb CTE0JIa POCIMHU 3a
pPaxyHOK 4Oro BiOyBaeTbcs €(heKT CTPYyIIyBaHHSA, B pe3yJbTaTi YOro IIKIJHUKU NaJaloTh 3
MOBEPXHI POCIIMHU B 30MpaJIbHUN JIOTOK poOo4oro enemMeHTy 4. Po3wmimieHi micias KOXKHOT
CTyINEHI poOoYMX JIeMeHTIB 2 1 4, THy4Ki KOHIYHI JIOOYHIIYyBadi CEepeIHbOTO poOOYOro
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€JIEMEHTY 3 BUKOHYIOTh 30MTTS 3 JIMCTOBOI MOBEpXHI cTeOeN IIKITHUKIB SKi BTpUManach
MICTIsl KOXKHOT CTymneHl poOounx enemeHTiB 2 1 4. Uepes miuHy 5 B HUKHIA 9aCTHHI JOTKa
poboyoro eneMeHty 4 NpPHUCTPOIO0 32 PaXyHOK MOBITPSHOTO MOTOKY BCMOKTYBAaHHS uepes
3a0ipHy KaMepy 6 pamku 310paHi MIKITHUKA TPAHCTIOPTYIOTHCS B MiCII€ 3HUIICHHS.

Bcei Tpu poboui eneMeHTH MPUCTPOIO BiITpalOTh KOMIUICKCHHM BIUIMB Ha IPOLEC
30upaHHs MIKITHUKIB, ajlle B JaHii poOoTi Hamu Oyjae PO3MVISHYTHUH JIMIIE OJUH BEPXHIN
poGounii enemeHT. OCKUIBKH BEpXHi POOOYMIA €IeMEHT MPUCTPOIO A 30MpaHHS KOMax
IIKITHUKIB 3/IIMCHIOE BU3HAYAJIBbHY POJb Yy (POpMyBaHHI Hampy>KeHHS CTeOJIa POCIWHU SIKE
Jla€ MOXKITUBICTh BUKOHATH CTPYIIYBaJbHY JIi0 10 BiJHOIICHHIO JIO IIKiTHUKA, TO HEOOX1IHO
PO3MIISIHYTH 3a7advy [ii MOBEpXHI poOOYOro eleMeHTa Ha CTeOJI0 POCIUMHU MAaCIbOHOBHUX
KYJIBTYP.

[lim gac pyXy BEpPXHBOTO pPOOOUYOTO €JIEMEHTa MPUCTPOIO 31 MIBHAKICTIO V' #ioro
poboua MOBEpXHs 3/AIMCHIOE BIUIMB HAa BEPXHIO YaCTUHY cTeOJa BUKOHYIOYM HOTO HAaXWI y
BepTUKaIIbHIN TutonuHI. [licis mpoxo/pKeHHs Mo poOOUYnid MOBEpXHiI cT€0JI0 B TOYII CXOIY
BITHOBIIIOE CBOE BEPTUKAIbHE IMOJIOKCHHS 3MIMCHIOIYM BIUIMB HA MIKIJHUKIB, IO
3HAXOMAATHCS Ha MMOBEPXHI JJUCTOBOTO TIOKPOBY POCIMHHA. B MOMEHT CXOy pOCIWHH 3 poO0YOi
MOBEPXHI MPUCTPOIO HA CTEONMHY MiI0Th HACTYNHI cuiu: N - HOpMallbHa peakiis cTebia Ha

Iit0 poOOUYOTO CIIEMEHTA; Fmp - CWJIa TepTs B3aEMOIIOYMX IMOBEPXOHbB, [, - CHJIa HaXWITy

H

cteOua Bix Jii moBepXHi poO0YOro eneMeHTa; I - cuia onopy sika BUHUKAE y CTeOJIi pH Jii

o
noBepxi pob0Yoro ereMeHrTa.
Jnis BU3HAUEHHs BIUIMBY T€OMETPUYHHX IapaMeTpiB MOBEPXi poOOYOTo ereMeHTa
HPUCTPOIO HaMU Oyia po3poliieHa po3paxyHKOBa cXema puc. 2.

Pucynok 2 — Cxema cuit, Iito9nx Ha cTe0II0,
Bil i po60901 MOBEPXHI MPHUCTPOTO LTSt 30MpaHHs IIKITHUKIB
Hoicepeno. pospobaeno asmopamu

Bigomo [18], mo cuia TepTst Mae 3aJaekKHICTh:
Fmp = f ’ N’ (1)

ne f - koedillieHT TepTs MOBEPXHI pOOOUOro eJIeMEHTa PUCTPOIO i3 cTeOIIOM;

N - HOpMalbHa peakilis cTe0a Ha Jif0 TOBEpXHI poO0YOTro elleMeHTa.

Cuna Teprs F,, HampasneHa B iHmMA OiK BiJl BEKTOpa IIBUIKOCTI PyXy MOBEPXHI
po60YOro enemMeHTa MpHUCTPOIO.

Cknanemo audepeHuiitne piBHAHHS PyXy CTEOIMHHU 110 MOBEPXHI poOOYOro ereMeHTa
MIPUCTPOIO Y BEKTOPHIN (hopMi 3 BpaxyBaHHSIM CKJIAJICHOT CXeMH CHII (pucC. 2):
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ma=F,+N+F, +F,, (2)

1e a - abCONIIOTHE NMPHUCKOPEHHS PYyXy MOBEPXHI pOOOUYOro €IeMeHTa MPHCTPOIO IO
HOBEpXHi cTedna, a =d, +d_;
m - Maca cTe0Jia sika KOHTaKTY€E 3 TOBEPXHEI0 POO0UOro eneMeHTa IPUCTPOIO.
Toni:
m-(a,+a,)=F,+N+F, +F,. (3)
CripoekTyeMo OTpUMaHe PiBHAHHS Ha OCi CUCTEMU KOOPIUHAT:

m‘(alx_anx):Fo_F )

mp >

m-(afy—any)zN—FH. ¥

OCKUTbKM MIBHIKICTH PyXy poOOdYOi MOBEpXHI €JeMEeHTa MPHUCTPOI0 TOCTiiHA
V =const,t01 V, =const, V, =const,oni

dv.
e = dtx =0
5
av, 0 )
a = =
Yoo dt
TakuM ynHOM:
-m-a, =F — -
-m-a, = N-F,
Fo :Fmp _m‘anx;
N=F,-m-a,,.
3BIIKH:
2 V2
F :f-(F” —m-any)—m-anx =f-F, —m-?-cosa —m-?-sina, (6)
ne R — pamiyc 3ruHy cTtebna poOCIMHM Big [ii MOBEPXHI poOOYOro eIeMeHTa

MIPUCTPOIO JIJIs1 30MpaHHs KOMaX-IIKITHUKIB;
O — KyT MIDX pajiilyCOM KPHBH3HH 1 BICCIO ) BUOPAHOI CHCTEMHU KOOPIUHAT.
Jlnst Bu3HaueHHs Npoekwii a ., a, HeoOXimHO nocmiautd (GopMmy 3ruHy crebrna Ta

BU3HAUUTH PaJiyc Ta LHEHTP KPUBU3HH CTEOJIa B TOUL CXOAY 3 MOBEPXHI poOOYOro eeMeHTa
PUCTPOIO.

[licns mpoBeneHHs YCTAaHOBYOI'O EKCIIEPHUMEHTY OyJi0 BCTaHOBJIEHO, LI0 (opma
cTebJra mija A€ MOBEPXHI poOOUYOTO eJIeMEHTa MTPUCTPOIO I 30MPaHHS MOXKE PO3TIISAATHCH
y BUTJISII YaCTUHU JYTH MMOBEPXHI eirca, 0 Ja€ MOXKIIUBICTh CKIACTH PO3PAXYHKOBY CXEMY
puc. 3.
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L.
M
//
Q //
t [ i ! i /{
\\ /[ <
kS Y

\”m,___f-//

o

MK — yactuHa 1yrH einca, 1o sikiid BinoyBaeTbes 3ruH crebua; KC — npukopeneBa yactina credia (yacTuHa,
sIKa 3aJIMIIAETHCS PIBHOIO HABITH ITiJ] €10 NOBEPXHI pOOOYOT0 eJIeMEHTa IPUCTPOIO 33 PaXyHOK OUIBIIOT
TOBLIMHU cTebua); H — BucoTa 3HaX0/KEHHS IOBEPXHI poO0YOro eJleMEeHTa IPUCTPOIO; @ — BiJICTaHb, HA SIKY
BiATMHAETHCS CTEOJIO (BEJTMKA IiBBICh €IiTica); 6 — MaJja IMiBBICh €JIiIca

Pucynox 3 — Cxema 3ruHy cTebma Bin Aii po604oi MoBEpXHi MPUCTPOIO LI 30MpaHHs

Ioicepeno: po3pobneno asmopamu

3aneKHICTh ISl BA3HAYCHHS pajiiyca R KpUBU3HH MAaTUME 3araJIbHAN BUTIISL;

3
1+(y') P
R= |(yy) - (7)

Koopannatu neHTpa KpUBU3HMA BU3HAYAEMO 32 BUPA3aMH:

’ r\2

xozx_y‘lfvf,y) ; (8)
"1 12

=y 0L )

Jis omucy reoMeTpUYHMX TMapaMmeTpiB 3rMHY cTebsia MOB’sA3yeEMO HOro 3 caMoro
JIOBXUHOIO, TOJIl TEOPETUYHA JOBXKHHA 3THHY Oyie:

L= [('(0) +('(0)) a0, (10)

ne x(6)ta y(@) - piBHSIHHS 3rHHY cTeOa IKi 3a1aHi TapaMEeTPHUIHO;

@ - mapamerp yepe3 sIKHii 33/1al0ThCS TApaMETPUYHI PIBHSIHHS 3TUHY cTe0a.

OCKUTbKM ISl TOYHOTO AaHAMITHYHOTO PO3PaxXyHKy Iyrd ejiinca He Ma€e TO ISt
IH)KEHEPHOT'0 PO3paxyHKY MOXKEMO BUKOPUCTATH HAOIMKEHUH a00 YMCIOBUN PO3PAXYHOK.

3anumieMo pPIiBHSHHS IyTH €linca MK CYCIIHIMH BEpIIMHAMH 4Yepe3 MiBBiCl a,8

(puc. 3):

L=|a >+b 2| ; (11)
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Toxi cuna onopy BU3HAYUTHCSA SIK:

2 2
F :f-(F”—m-%-cosyj—m-%-sinyz

my?

=/ F,==(f cosy+siny)=
a
b
_F _mV2-(f-cosy+sin}/)-(H—h,,)
21z
n2 2\ s

ne [ - peaybHA JIOBXKWHA CTEOIIa;
¥ - KyT ataku po0604oi MOBEPXHi MPUCTPOIO;

(12)

(13)

(14)

h - BHCOTa IO SIKii BiIOYBAa€ThCs 3rMH cTeOIa B Jii TOBEpXHI poOOYOro eieMeHTa

HPUCTPOIO [Tt 30MPaHHS IIKITHHUKIB.

[TizcTaBnsroun 3HAYCHHS BEIMYMH CKJIAIOBUX Yy piBHAHHS (14), MOKEeMO OTpHMaTH

rpadiuHy 3aJIe)KHICTh BEJIMYUHU CUIK [ B KyTa ) :

Fy,H
1t

—_—

H_;_______q

[ 1

--...._______‘-_“__

[———

P ——— e e —

0 10 20 30 40 50 60 70 80 907, zpad
1- F =20H:2- F, =40H:3- F, = 60H

PucyHok 4 — I'pagiuna 3a1€XKHICTh 3MIHH CHIIH OTIOPY

BiJIl KyTa HaXMJIy MOBEPXHI poOOUYOro eJeMeHTa MPUCTPOIO
Lowcepeno: pospobaeno agmopamu

SN WA N®OG
T
/I
(Y

90



ISSN 2664-262X IlenTpanbHOYKpaiHChKuil HayKoBHH BicHUK. TexHiuni Hayku. 2024. Bur. 9(40), u.1

N
x

-
O =
f’f

N\

P,

N

N WHA OO N O ©
7
s

0 10 20 30 40 50 60 70 80 907, epad
1-V=05m/c;2-V=1mlc;3-V=0.5m/c

PucyHoxk 5 — I'padiuna 3a1exHICTh 3MIHH CHIIH OTIOPY

BiJl KyTa HaXWJIy MOBEPXHI POOOYOro elNeMEeHTY IPUCTPOIO
Jicepeno: pospobneno asmopamu

B pesynbrari mpoBeneHUX JOCTIKEHb TEOPETHYHO BCTAHOBJICHO, IO HA BCIX
MIBUIKOCTSAX PYXy HPHUCTPOIO JIsi 30MpaHHS KOMAaX-IIKIJIHUKIB pallioHATbHUN KYT aTaku
po0OoUOT MOBEPXHI MPUCTPOIO ¥ 3HAXOAUTHCS B Mexax Bim 10 qo 60°. Takox B MOJaNbIIOMY

HEOOXITHO PO3TJITHYTH [0 THITMX pOOOYUX €IEMEHTIB Ha POCIMHU MACILOHOBUX KYJBTYD, a
JUIST BU3HAUYEHHS pAaIllOHAJbHUX 3HAYCHb KOHCTPYKTUBHUX TMapaMeTpiB YAOCKOHAICHOTO
MPUCTPOIO  JUIsl 30MpaHHs KOMAaX-IIKIJHUKIB TOTPiOHI JOJATKOBI EKCIEPUMEHTAIbHI
JOCTIDKEHHST 3a JIOTMIOMOTOI0 IMITAI[ifHOrO MOJIENIOBaHHS Ta METOJIB IJIaHyBaHHS
EKCIICPUMEHTY .

BucHoBku.

1. AnHami3 JiTepaTypHUX JDKEpes AaB MOXIIMBICT, BCTAHOBHTH, 1110 KOMAaXHU-IITKITHUKH
3HaYHOI0 MIpOI0 MPHU3BOJATH JO CEpHO3HMX BTpaT y CBITOBOMY BHPOOHHIITBI
cimpchKOorocnonapchkoi  mpoaykmii. Ilectunumuuii oOpoOITOK € OCHOBHHM — METOJ0M
00poTHOM 3 HHUMH, NMPOTE Taka MPAKTUKA MPU3BOAUTH 10 3a0pyAHEHHS HAaBKOJHIIHBOTO
CEpEeIOBHINA, 3arpo3u 30POB'T0 JIIOJWHU Ta MiJBUIIECHHS PU3UKY 3aXBOPIOBAaHb. Y 3B'S3KY 3
UM BeJIMKa yBara HPUAUISETbCS PO3POOII EKOJOTiYHO Oe3MeYHHX METONIB OOpOTHOM.
OmauM 3 HaWOLIBII  eEeKTUBHUX METOMIB € (i3uyHe 30MpaHHA KOMAaX-IIKiJTHHUKIB
HPUCTPOSIMH Pi3HOT Aii.

2. 3anpornoHoBaHa MaTeMaTUYHA MOJIEITbh BEPXHBOTO POOOYOro €JIeMEHTa MPUCTPOIO
JUTSE 30MpaHHsT KOMax-IIKiTHUKIB, IKAW MPU3HAYCHUN JJIs1 €EKTUBHOTO 30MpaHHS IIIKITHUKIB
NaCcIIbOHOBHUX KYJIBTYP 32 TOTIOMOTOI0 MEXaHIYHO-ITHEBMATHYHOTO METO.Y .

3. TeopeTuyHO OOTPYHTOBAHO, 11O KyT aTaKH POOOYOi MOBEPXHI MPUCTPOIO JICKUTH B
Mexax Big 10 mo 60°.

4. 3 TeopeTHYHOI TOYKH 30py IOKa3aHO, IO POOOTa HPUCTPOIO 3a0e3MeuyeThCs
MiIBUIIIEHUM BIUIMBOM MEXaHIYHOI i1 Ha POCIMHY MaCJIbOHOBUX KYJIBTYp 0€3 il yIIKOHKEHHS
1 BUKJIIOYEHHSIM BTPHMAaHHS IIKiJIHWKA Ha BCIX PIBHAX IO BHCOTI POCIMHH, MaKCHUMaJIbHUM
30MpaHHsAM IIKITHUKIB 3@ OJIUH MIPOXiJl TPUCTPOIO.
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Mathematical model of the upper working element of the mechanical-pneumatic

collector of insect pests of nightshade crops

The paper presents the results of exploratory theoretical studies of the design features of the upper
working element of the device for the mechanical-pneumatic collection of insect pests of nightshade crops.
During the analysis of scientific sources, it was established that insect pests to a large extent lead to serious
losses in the world production of agricultural products. Pesticide treatment is the main method of combating
them, but this practice leads to environmental pollution, threats to human health and increased risk of diseases.
In this regard, great attention is paid to the development of ecologically safe methods of control. It was found
that one of the most effective methods is the physical collection of insect pests with devices of various effects.
Therefore, the further development of new designs of devices for carrying out the process of collecting insect
pests is an urgent task.
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On the basis of the conducted experimental studies and relying on the previously conducted works, the
main shortcomings of the pneumatic-type collection devices for pest control were determined. Since most
designs of such devices have suction slits, the uneven distribution of air flow in them leads to inefficient
collection of pests of agricultural crops from the surface of plants. Another and the main disadvantage of such
devices is the formation of several streams that interact to form the following technological process - when pests
are blown away by the injection stream, they move to the surface of the soil and do not have time to fall into the
suction streams, and younger individuals that can hold on to the surface of the leaves are not blown away at all
and remain in place, and this leads to the need for repeated passes of the unit and a decrease in the quality of processing.

For this purpose, a new device for collecting insect pests was proposed, designed for effective
collection of pests of nightshade crops using a mechanical-pneumatic method. The design of the upper working
element of the device for collecting pest insects was theoretically substantiated and it was established that the
angle of attack of the working surface of the device lies in the range from 10 to 60°. The effectiveness of the
proposed design of the new device is ensured by the increased effect of mechanical action on the plant of
nightshade crops without its damage and the exclusion of pest retention at all levels along the height of the plant,
the maximum collection of pests in one pass of the device.
insect pests of agricultural crops, pest collection, collection device, exterminator, plant protection

Ooepoicano (Received) 29.01.2024 IIpopeyenzosano (Received) 29.02.2024
IHpuiinamo do opyky (Received) 25.03.2024

UDC 631.363.2 DOIL: https://doi.org/10.32515/2664-262X.2024.9(40).1.94-104

Elchyn Aliiev, Prof. of the Department of Technical Systems Engineering, DSc., Senior
Researcher, Oleksandr Kobets, Assos. Prof. of the Department of Tractors and Agricultural
Machinery, PhD tech. sci., Mykola Linko, Holder of the third (educational and scientific)
level of higher education

Dnipro State Agrarian and Economic University, Dnipro, Ukraine

e-mail: aliev@meta.ua

Physico-mathematical model of the process of compression
of compound feed components into expanders

The purpose of the experimental study is to verify the accuracy of conclusions drawn from theoretical
research by substantiating experimentally the main parameters and operating modes of the feed compaction
process. To compare the results of numerical modeling and laboratory experiments, a program was developed in
the Wolfram programming language, which allows linking the technological parameters of the expansion
process (W, T) with the physical and mechanical properties of the compound feeds mixture (E,, p,, Wp). For
rational technological parameters (D, = 0.5 mm, W =20.7 %, T = 137.0 °C), we have the following physical and
mechanical properties: E,= 22.3 MPa, pu, = 0.31, W, = 0.49 N/m. In this case, Sxp = 0.772 MPa, ¥ = 1.519, ha =
13.2 mm. Comparisons of dependencies SAPE(DH) and SAPT(DH), ‘PE(D“) and ¥'(Dp), haE(Du) and haT(Du) will be
conducted under the condition of rational technological parameters, and a sufficiently high Pearson correlation
coefficient (0.94-0.99) has been established.
feed, pressing, compression, numerical modeling, laboratory research, mixing, pressure, parameters,
physical and mechanical properties, efficiency

Problem setting. One of the problems encountered during the transportation of bulk
feeds is the loss of uniformity due to component segregation. This issue has been addressed in
Europe since the early 1980s through pelletizing or extrusion, where the homogeneity of the
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