AHOTAIISA

Bbepexxkenko €.b. «OOrpyHTyBaHHS MapaMeTpiB poOOYUX OpraHiB TMYKO30U-
panbHOTO MOy . — KBamiikaiiiina HaykoBa mparis Ha IIpaBax PyKOIHUCY.

Huceprarrist Ha 3100yTTs cTymeHs AokTopa ¢inocodii 3a cnermianpHicTIO 133
[amy3eBe  MammHOOYMyBaHHSA. TEpHOMIIBCHKHM  HAIIOHAJBHUA  TEXHIYHHMA
yHiBepcuTeT iMeHi IBana Ilymtos, M. Tepromins, 2021 p.

Y nuceprauiiiHii poOOTI BHUPIIIEHO HOBE HAyKOBE 3aBJaHHS 3HIKCHHS
€HEProBUTPAT MPOIECy 30MpaHHs OCHOBHOTO MAacCHMBY TMUKH KOPEHEILIO/IB ILISIXOM
pO3pOo0KM Ta OOTPYHTYBaHHA paIllOHAIBHHX TapaMeTpiB poOOYMX OpraHiB
THYKO30MPaIbHOTO MOMIYJs. 3HIDKEHHS €HEPrOEMHOCTI TMPOIECY IOCITAEThCS 3a
PaxyHOK OJIHOYACHOTO TO€EJIHAHHS OIepaliii 3pi3yBaHHs Ta MEPEMIIICHHS 3pi3aHoi
TUYKM OJHUM aKTUBHHMM (POTOPHUI TMYKOPI3) 1 MACHMBHUM (HAMPAaBIISIOYUN KaHaM)
poOOUYMMH OpraHaMH.

Y Bcrynmi OOIpYHTOBAHO AaKTyalbHICTh TEMH, CPOPMYJIHOBAHO METy Ta
MOCTaBIICHO 3a7a4l JocTiKeHHs . ONUcaHo HayKOBY HOBH3HY, PAKTHYHE 3HAUYCHHS
OTpUMaHUX pe3yJIbTaTiB Ta OCOOMCTHM BHECOK 3J00yBaua. HaBemeHo BimoMocTi
11010 anpooOariii Ta omy0JIIKyBaHHSI pe3yJIbTaTiB HAYKOBUX JOCIIIKEHb.

BupimenHs 1aH01 METH 3BEICHO 10 PO3B’sA3aHHS TaKUX HAYKOBUX MPUKIIATHAX
3aJlay: Ha OCHOBI aHaJi3y TEXHOJOTIYHUX IMPOIIECIB 3pi3yBaHHSI OCHOBHOTO MAaCHBY
TUYKU KOPEHETJIO/1B po3pooUTH KOHCTPYKTHUBHO-TEXHOJIOTTYHY cXemy
YIOCKOHAJIEHOTO THYKO30HMPaIbHOTO MOIYJIS; PO3POOMTH MaTeMaTH4HI MOJENi, SKi
ONMKCYIOTh Ta XapaKTePU3yIOTh (PYHKIIIOHAIBHY 3aJICKHICTh 3MIHU TEXHOJOT14HOT
nojayi 3pi3aHOl THUYKA B MIKPSIAS HEBUKOIMAHUX KOPEHEIUIONIB 3aJIEKHO Bij
arpo010JIOTIYHUX XapaKTEPUCTHUK KOPEHEIUIOAIB 1 YMOB POOOTH THMUKO30MpaILHOTO
MOJYJsI; TPOBECTH MaTeMaTWYHE MOJEIIOBAHHS MPOIECy TMEPEMIICHHs 3pi3aHol
TMYKUM B HANpapiIsiOYOMY KaHajli Ta BU3HAYUTH WOr0O palioOHaJbHUN Tpodilib;
pPO3POOUTH 3aNIeKHICTh, SKAa XapaKTepU3ye€ 3MEHIICHHS EHEePreTUYHUX BUTpar
TEXHOJIOTIYHOTO Tpolecy 30MpaHHS OCHOBHOTO MAaCHBY THYKH YIOCKOHAJCHUM

TMYKO30MpabHUM ~ MOAYJIEM;  TPOBECTH  CEKCHEPUMEHTANIbHI  JTOCIIIKCHHS:



TEXHOJIOTTYHOT TOo/a4l 3pi3aHOi TUYKHM B MDKPSIAS HEBUKONMAHUX KOPEHEILIO/IB
3QJIEKHO BIJ arpoOiOJOTIYHMX XapaKTEPUCTUK KOPEHEIIONIB 1 YMOB pOOOTH
THYKO30MPaIbHOTO MOAYJISA; JOBKHHHM Ppi3aHHS TOJOBKH KOPEHEIUIONIB JIE30M
YKOPCTKO-3aKPIIJICHOrO Ta MIAMPYXUHEHOTO IIOCKOTO HOXKA; MPOBECTH MOPIBHSIbHI
JOCIIKEHHS TTOKa3HUKIB AKOCTI pOOOTH KOpeHEe30MpallbHOT MAalllMHU ISl Croco0y
yKJIaAaHHS 3pi3aHOi TMYKH B MDKPSIS HEBUKOIAHMX KOPEHEIUIOAIB Ta YKJIaJIaHHS
3pi3aHOi THYKM B 30HY MDK JIBOMa CYMDKHUMH JUIMJIBHUMH JUCKAMH, IO
pO3TalIoOBaHi B MDKPSAIAI HEBHUKOMAHMX KOPEHEIUIONIB; BU3HAUUTH EKOHOMIYHY
e(eKTUBHICTh 3aCTOCYBaHHSA YIOCKOHAJIEHOTO T'MYKO30HUpaIbHOTO MOAYIS B
BUPOOHUYUX YMOBaX.

Ha ocHOBI npoBeA€HNX HAyKOBUX JOCHIIKEHb OOIPYHTOBAHO yIOCKOHAJIEHUI
croci0 30MpaHHA OCHOBHOTO MAacCHMBY THYKHM KOPEHEIUIOJAIB 1 OCHOBHI
KOHCTPYKTUBHO-KIHEMATHYHI TapaMeTpu poOOYMX OpraHiB TUYKO30MPaTBHOIO
MOJTYJIA.

Ha wmiit mincraBi: enepuie po3pobieno: MateMaTH4HI MOJENI, K1 OMUCYIOTh
(yHKILIOHAJIBHY 3MIHY CEKyHIHOI Mojadi Ta MUTOMOI MacH 3pi3aHoi Ta YKJIaJIeHOl
TUYKA B MUDKPSAIAS HEBUKOMAHUX KOPEHEIUIOAIB 3aJIeKHO BiJ arpoOiosIoriyHUX
XapaKTEPUCTUK KOPEHEIJIONIB 1 YMOB POOOTH T'MYKO30MPAIBHOTO MOIYJIS;
MaTeMaTU4yH1 MOJIEN, K1 OMUCYIOTh Ta BU3HAYAIOTh NPO(]1JIb KPUBUHHU BHYTPIIIHbOI
MOBEPXHI HAMPABIAIOYOr0 KaHATY 3 YMOBH DPIBHUX MICISIyJapHUX IIBHIKOCTEH Ta
PIBHUX IIBUJKOCTEN pyXy 3pi3aHO1 TMYKH 1O BCIH JOBXKHWHI HAMPABISAIOUOTO KaHATY;
VMOYHeHO eMITIpUYHI MOJENl CEKyHJHOI IMojadyi Ta TUTOMOI Macu 3pi3aHoi Ta
YKJIAJCHOI TUYKA B MDKPSIIS HEBUKOIMAHUX KOPEHETUIOAIB Yy 30HY pPO3TalllyBaHHS
JTUTWIIBHUX JMCKIB 3aJIEKHO Bl arpoOiOJIOTIYHUX XapaKTEPUCTUK KOPEHEIUIOMNIB 1
YMOB pOOOTH THYKO30UPATBLHOTO MOIYJIS; dicmanu noOAlbwuli po36umoK eMITIpUYHI
MOJIEN, SIKI JJO3BOJISIFOTh BU3HAYUTH JOBXKHUHY PI3aHHS T'OJIOBKHM KOPEHEIUIOAIB ISl
JIBOX THIIB PLKYUOro HOXKa 3aJ€XHO B IIBUJIKOCTI pi3aHHA Ta KoedimieHTa
YKOPCTKOCTI MPY>KUHU.

VY mepuioMy po3aiii HaBEIEHO aHai3 CITOCO01B 30MPaHHS THYKA KOPEHETIIO 1B

1  KOHCTPYKII  rU4YKo30MpaidbHUX  MOJYJIB,  PE3yIbTaTiB  TEOPETUYHO-



eKCIIEPUMEHTAJIbHUX JOCTIIKEHb MPOIECY 3p13yBaHHSA THUYKH POTOPHUM THYKOPI30M,
a TaKOXX HaBEIEHO OOTPYHTYBaHHS BHOOPY KOHCTPYKTHBHO-KOMIIOHYBAJIbHOI CXEMU
TUYKO30UPATTEHOTO MOAYJIS IS IPOBEACHHS JTOCTIKCHbD.

YaocKOHaNeHU THUYKO30UpalbHUNA MOMAYNb CKIAJAEThCS 3 paMH Ha SKid
BCTAHOBJICHO TOPU30HTAJIBHUN POTOPHHUI T'MYKOpPI3, HANPABISAIOYUN TyronoaioHui
KOXKyX 1 3MOHTOBaHHMN Ha HOro BHYTPIIIHIA MOBEpXHI Hampapistounii kaHaia. Ha
OapabaHi POTOPHOTO TMYKOPi3a BCTAHOBJIICHO CEKIlli HOXKIB, @ MiK HUMHU — JUTHIIbHI
JUCKU. 32 BUX1HOIO TOPJIOBUHOIO HAMPABISIOYOr0 KaHaTy BCTAHOBJICHO (apTyX.

ITin yac obGepTaHHS POTOPHOTO THUYKOpI3a HOXKI 3pI3yIOTh TMUYKY 3 T'OJIOBOK
KOPEHEIUIOAIB, SKa I JI€I0 TOBITPSHOTO TMOTOKY IEPEMIIIYEThCS M0 BX1THOL
TOPJIOBHUHU HAIPABJISIOUOTO KaHAy, a J1ajli TPaHCIIOPTYEThCS TT0 HhOMY 10 dapTryxa,
7€ MoApIOHEHA TMYKa KOPEHEIUIONIB YKJIAJA€eThCAd Y 30HY MDK JIBOMa CYMIKHUMU
JTMCKAaMH, 110 BCTAHOBJICH1 Y MIXKPSI/IJII HEBUKOTIAHUX KOPEHEIJIOIB.

VY npyromy po3aili HaBEJEHO TEOPETUYHUN aHalli3 TEXHOJIOTTYHOTO MPOIECy
30MpaHHSs  OCHOBHOTO  MACHBY  THYKH  KOPEHEIUIOMIB  YJAOCKOHAJICHUM
TUYKO30UPATIbBHUM MOIYJIEM.

Ha ocHoOBiI anami3zy mpoliecy MepeMIlieHHsI 3pi3aH0i TUYKA PO3p0OJIECHO
MaTeMaTU4YH1 MOJIEN, K1 XapaKTepu3yoTh (YyHKIIOHAJIBHY 3MIHY CEKYHIHOI Mojaayl
Ta MATOMOI MacH 3pI13aHOi Ta YKJIaJI€HOI B 30Hy MIX JBOMa CyMIKHUMH JUCKaMU, 110
BCTAHOBJICH] Y MIXKPS1 HEBUKOIIAHUX KOPEHEIUIOAIB 3aJIC’KHO BiJ] arpo0i0JIOTTYHUX
XapaKTEPUCTHK 1 YMOB pOOOTH THUKO30MPATLHOTO MOJTYJIS.

BcranoBneHno, mo (QpyHKIIOHabHA 3M1HA, SIK CEKYHJIHOI M0/1a4l, TaKk 1 MUTOMOL
MoJiaul Macu 3pi3aHoi Ta MOAPIOHEHOI T'MYKU 3aJIEKHO Bl 3MIHM IIBUAKOCTI PYXy
TUYKO30MPAIbHOTO  MOJYJS, YPOXKAWMHOCTI THYKH Ta TYCTOTH HACaJKEHHS
KOPEHEIUIO 1B Ma€ JIHIWHUHN, TIPSIMOTIPOTIOPIIIMHUAN XapaKTep.

3a cepeaHbOi ypOKaHHOCTI TMYKHA BEIMKOPO3MIpHUX KopeHeruionis 170...190
w/ra, a6o 1,7...1,9 xr/mM? TycToTM HacamKeHHs KopeHemnofiB 8...10 mr./m? Ta
yCepeaHEHOr0 3HaYeHHsI poO0UYO0i IMIBUIKOCTI pyXy TMYKO30MpaIbHOrO0 MOMAYJS Bij
1,5 no 1,6 m/c cepenHe 3HAUYCHHS CEKYHJIHOI M0/1a4ul THYKU CTaHOBUTH Bij 60 mo 80
KI/C, a MMTOMOI MacH YKJIaJICHOT THYKH B MIKPSIS HEBUKOIAHUX KOPEHEIUIOJIB —

Bim 25 10 30 Kkr/™M°.



Ha ocHOBI rapaHTOBaHOro MEPEMIIIEHHs 3pi3aHOi TMYKUA Yy HANpaBIsSIOuOMY
KaHai 10 GapTyxa oTpuMaHo (yHKI[IOHAIBHI 3aJIE)KHOCTI, SIKI BU3HAYaOTh Npodisib
HANPAaBIIIOUOTO KaHady 3 YMOBH PIBHUX MICIAyAapHUX MIBUIKOCTEH Ta pPIBHUX
HIBUKOCTEN pyXy 3pi3aHOI TMYKHU IO BCIH JOBKUHI HAIIPABJISIIOYOTO KaHATY.

Bcranosneno, mo 3a miamerpa poropHoro rudkopiza 0,35...0,4 M, gacToTn
oOepTaHHs POTOPHOTO THYKOpiza 73,3 pam/c abo komoBOi mBUAKOCTI I'-mIogiOHOTO
HOXKa 24,5 M/c, KyT BUJIBOTY 3pi3aHOI TMYKM 3 HOXKa CTAaHOBHUTH 85 rpai., a
parioHaTbHUIN KYT MK HaImpsIMKOM BEKTOpa IOYAApPHOI MIBUIKOCTI Ta JOTHYHOIO 0
npod1II0 HAMPABIISIIOYOTO KaHaIy B TOYIl yAapy 3HAXoAuThcs B aiamaszoni 30...35
rpajl. 3a SIKOTO MOYaTKOBA IBUJIKICTh PyXy 3pi13aHOT TMYKU 3HAXOJUTHCS Yy Jlara3oH1
9,5...10,5 M/c, a Ha BUXOJ1 3 BUXIJIHOI TOPJIOBUHU — 2,5...3,5 M/C, TIpU IILOMY 4ac
nepeMilIeHHs] TUYKH 110 HaNpaBlIaiouoMy KaHaiy ctaHoBuTh 0,15...0,2 c.

Ha ocHOBI aHami3zy MO)XHa KOHCTAaTyBaTH, II0: MIHIMaJIbHAa BHCOTa MPOdLI0
HaIpaBJISIIOYOTO KaHaly piBHa a00 MeHIIe | M JocsiraeThes 3a KyTa 31TKHEHHS
piBHOTO 35 Tpaj.; mpodisib, y AKOTO KyT 3ITKHEHHS piBHMIA 15 Tpajl. mpuU3BOAUTH JI0
3HAYHOTO 30UIBIICHHS MaTepiaJOMICTKOCTI HAIlPaBJISIOUOTO KaHaldy Ta 30UIbIIEHHS
KyTOBOI HIBUKOCTI POTOPHOTO TUYKOPi3a, a00 30LIBIICHHSI €HEepro3arpar MpoIecy;
HaHOUIbII TPUIUHATHUM € Tpo(disib, Y SKOro KyT 31TKHEHHS ONM3bKui 10 25 rpaf.,
IPU IbOMY BHUCOTa MPO(]1JII0 HAMTPABISAIOYOTO KaHATY CTAHOBUTH 1,2 M.

Y TperboMy poO31iJi  HABENEHO TMPOTpaMy, OIKC EKCIEPUMEHTAIBHUX
YCTaHOBOK 1 METOJMKY MPOBEICHHS €KCIIEPUMEHTATBHUX JOCITIIKEHb.

[Iporpama eKCepMMEHTAIIBHUX JOCHIDKCHBb Iependavana:  po3poOKy
EMIIIPUYHUX MOJEJIeH, fAKI XapaKTepus3yrTh: (YHKIIIOHAIBHY 3MiHY CEKYHIIHOT
nojayl Ta MUTOMOI Macu 3pi3aHOi TMYKH, YKJIaJ€HOI B MDKPSAAAS HEBUKOMAHHX
KOPEHEIUIOIB 3aJ€KHO BiJ 3MIHM He3alekHUX (aKTOpiB — IMIBUAKOCTI PYXY
TMYKO30MPATILHOTO MOAYJIS, YPOKAMHOCTI Ta TYCTOTH HACAIKEHHS KOPEHEIUIOJIB
LIUKOPiI0; (YHKI[IOHAJIbHY 3MiHY JOBXHHHM pI3aHHS TOJOBKH KOPEHEIUIOIB
KOPMOBUX OypsIKIB 3aJIEKHO BiJl 3MIHM HE3aJICKHUX (DAKTOPIB — MIBUIKOCTI Pi3aHHS
Ta KOe(QILIEHTa >KOPCTKOCTI TMPYXUHU MIANPYKMUHEHOTO HOXa; IPOBEJICHHS

MOPIBHSUTBHUX TOJIbOBUX JTOCHI/PKEHb TOKA3HUKIB SIKOCTI 30MpaHHS KOPEHEIIO/IB



IUKOPIKO JJI1 JABOX CIOCOOIB 3pi3yBaHHS OCHOBHOT'O MAaCHBY THYKH — CYIIUIbHE
yKJIaaHHsl 3p13aHOi T'MYKU B MDKPSAJISI HEBUKONAHMX KOPEHEIUIOAIB 1 YKJIaJaHHS
3pi3aHOl TUYKM B 30HY MDK JBOMa CYMDKHMMH JIIHJIBHUMHU JHCKaMH, IO
pO3TaIlloBaH1 B MIKPS/III HEBUKOITAHMX KOPEHETIOIB.

Jl7i eKCepUMEHTAIbHOTO JTOCTIDKEHH CEKYHIHOI MOoJladyl Ta MUTOMOI Macu
3pi3aHOl Ta YKIQJACHOI TMYKM B MDKPSAAS HEBUKOMAHUX KOPEHEIUIONIB LIUKOPIO
3aCTOCOBYBAJIM E€KCIIEPUMEHTAJIBHUN 3pa30K 3-X pSAOHOrO THUYKO30MPaIbHOTO
mMonayns. Jnst mocmimkeHHS JOBXKWMHHU pPi3aHHS TOJIOBOK KOPEHEIIONIB KOPMOBHUX
OypsIKIB JI€30M pPLKY4Ooro HoO)Ka OyJ0 BHUIOTOBJIEHO MAasITHUKOBUM Komep 3
BCTAHOBJICHUM Ha KIHL MasTHUKa JBOMa TUIIAMU HOXIB — IUIOCKOI'O HOXa, SKUU
YKOPCTKO 3aKpIIVIEHUI HAa OC1 MasgTHHUKA Ta MIANPY>KUHEHOTO HOXaA.

Metoauka NpOBEACHHS EKCIIEPUMEHTAIbHUX JOCHIIKEHb Oa3zyBajacs Ha
OCHOBI HAyKOBMX METOZIB IUJJaHYBaHHS Ta peaii3alli IJIaHOBaHUX (PaKTOPHHUX
€KCIIEPUMEHTIB 3 METOI0 OTPMMAHHS PIBHSHB pErpecii mapaMerpa OnTHUMI3allli.

OOpoOKy  eKCHepUMEHTAJbHOTO  MacuBy  JIaHUX  [POBOAWIM 34
3araJlbHOBIJOMUMH METO/aMH PO3PAXYHKY 3 BUKOPHUCTAHHAM METOJHMK PETPECIfHOTO
Ta KOPEJISIIIHOTO aHai3y.

Y derBeproMy pPO3AUII  HABEAEHO pe3yjdbTaTH peani3alli [Oporpamu
eKCIIEPUMEHTAIBHHUX JOCITIIKEHb.

Ha ocHOBi 00p0o0OKH €KCIIEpUMEHTAILHOTO MACUBY JaHUX OTPUMAHO: JIHINHI
PIBHSHHS perpecii, fKi ONUCYIOTh (YHKLIOHAJbHY 3MIHY CEKYHJIHOI MojAadl Ta
MUTOMOI MAacH THYKH, YKJIQJICHOI B MDKPSAS HEBUKOMAHUX KOPEHETUIOAIB IIUKOPII0
3aJIC)KHO BiJ 3MIHM YPOXKAHHOCTI Ta TYCTOTH HACaXKEHHS KOPEHETJIOIB 1 IITBUIKOCTI
pYyXy rMYK030HUpaibHOTO MOYJIS.

3a MIHIMBOTO 30LIBIICHHS 3MIHU ypOKalHOCTI TMYKU B Mexax Bif 1,4 + 0,2
(xr/m?) 10 1,6 + 0,2 (kr/M?) Ta I'yCTOTH HaCaKEHHSI KOPEHEIIOIB IIUKOPII0 B MEXKax
Big 7 + 2 (wr./M?) mo 9 + 2 (wT./M?) ceKyHOHA MOAaya T'MYKH Yy MDKPSALIS
HEBHUKOMAHUX KOPEHETUIOAIB 30UIBIIYETHCS TMPOMOPIIINHO 301IBIICHHIO KOXKHOTO
dakTopa Ta 3HaXOAUThCA y Aaiama3oHi Bia 18 kr/c mo 40 kr/c 3a MIBUIKOCTI pyXy

monyns Bix 1,2 m/c o 1,6 m/c.



3a MIHJIMBOTO 3MEHILICHHS 3MIHHM ypOXXKalHOCTI TMUKU B Mexax Big 1,6 — 0,2

(xr/mM?) 10 2,0 — 0,2 (kr/mM?) Ta I'yCTOTH HAacCaKEHHsI KOPEHETUIOAIB uKopito I — Al

B Mexax Bim 7 — 2 no 11 — 2 (wr./M?) ceKyHaHa Tojada THMYKM Y MDKPAAs
HEBUKOMAHUX KOPEHEIUIOAIB 30UIBIIYETHCS MPOMOPLIHHO 301TIBIICHHIO KOXXHOTO
(dakTOopa Ta 3HAXOAMTHCS Yy JAlama3oHl Bifg 6 Kr/c 1o 26 Kr/c 3a MBHAKOCTI PyXy

monyns 9, Bin 1,2 m/c no 1,6 m/c.

JloMiHyI0OYMMH (akTopaMu, BIUIMB SIKHX TPU3BOAWTH [0 3HAYHOI 3MiHU
MATOMOI Macu THYKH, Ky 3pi3aHO HOXXKaMHU POTOPHOTO THUYKOpiI3a Ta YKJIAJACHO Y
MDKPSJIIE HEBUKOIMAHUX KOPEHEIUIONIB MDK JBOMa CYMDKHUMHU JUTHIBHUMH
JTUCKAMH € YPOKaWHICTh THYKHA Ta TyCTOTAa HACAHKCHHS KOPEHEIIOMNIB ITMKOPIFO.
[Ipy npoMy muTOMa Maca THYKM 32 3MIHU IIBUAKOCTI PYXy THYKO30MPaTIbHOTO
moxyns Bin 1,2 m/c 1o 1,6 M/c 3HaxoauTshes y fianaszoni 18...27 xr/m? ta 10...18
KI/M2.

Po30DKHICTD MIXK TEOPETHUHUMH Ta EKCIHEPUMEHTAIBHUMH 3HAYCHHIMU
CEKYHJIHOI 10/1aul 3p13aHO1 THYKU B MUK HEBUKOMMAHUX KOPEHEIUIOAIB IIUKOPIIO
IIPU 3MiH1 TYCTOTH HAaCa/HKEHHS Ta YPOKAHHOCTI TMUKHU 3HAXOAMUTHCS B J1ana3oH1 BiJl
12 % no 20 %, a mUTOMOI Macu THYKH, YKJIQJCHOI B MDKPSAJAS HEBUKOIAHUX
KOpeHermioaiB — B 7 10 18 %.

3a pesynbTaTaMu TOPIBHSUIBHUX JOCII/DKEHb BCTAHOBJICHO, IO 3arajbHa
KUIBKICTh JOMIIIOK y 310paHOMy BOpPOCI KOpEHEIUIOAiB 3MeHinyeTbest Ha 0,8 %, y
TOMY 4YHCJI: 3arajbHa KUIbKICTh TPYHTOBHMX JOMIIIOK 3MeHuIyeTrbcs Ha 0,5 %;
3arajbHa KUIbKICTh POCITUHHUX JOMIIIOK 3MeHIIy€eThes Ha 0,3 %; KUIbKICTh BUIBHOTO
rpyHTy 3MeHmyeTbcsi Ha 0,2 %; KUIBKICTh BUIBHUX POCIMHHUX JOMIIIOK
3MeHuyetbes Ha 0,5 %.

BcranoBneHo, mo KigbKICTh 3pi3aHOl Ta YKIJIAAEHOI TMYKH B 3aXHCHI 30HU
HEBUKOIIAHUX PAJKIB KOPEHEIUIOMIB Jig 0a30BOr0 Crnoco0y 30uUpaHHS THUYKH
nopiBHioe 4,5 %, a ns yAOCKOHANIGHOTO criocoOy 30upaHHs rudku — 2,1 %, ToOTO
KUIBKICTh THUKHU 3MEHIIYETHCS B 2,2 pas3u.

EdexTuBHE NIACUIEHHS MIBUAKOCTI PI3aHHS TOJIOBOK KOPEHEIIoNiB, abo

30UTBIIIEHHST JIOBXKUHMU PI3aHHS TOJIOBOK KOPEHEIUIOJIB KOPMOBUX OypsKiB



B1JIOYBA€ETHCS B JPYroMy BHMAJKy KOHCTPYKTUBHOTO BUKOHAHHS PIKYUYOTO HOXKa
(MAIpY>KMHEHOTO HOXKA) 3a KOPCTKOCTI MPY>KUHM Onbiine 35 H/cm.

Y m’sToMy po3Aili HaBEAEHO NUISIXM MOJAIBIIOTO YJOCKOHAJICHHS poOOYnX
OpraHiB THUYKO30MPAJIBHOTO MOJYJIS, PpPO3PaXyHOK 3MEHIICHHS €HEeProBUTpAT
mporiecy 30MpaHHsS THYKH yJIOCKOHAJCHUM MOJIYJIEM 1 PO3paxOBaHWN €KOHOMIUHUN
edeKT BiJ 3aCTOCYBaHHSI YOCKOHAIICHOTO MOIYJISI.

Ha ocHOBiI anamizy TEOpEeTUYHO-EKCIIEPUMEHTAIBHUX JOCIIKEHb OYyIIo
OOIpYHTOBAaHO TakKl pallioHaJbHI MapaMeTpy TUYKO30HMPATbHOTO MOIYJNS: A1aMeTp
potopHoro rudkopiza 0,35 M; "actora obepraHHs poTopHoro ruukopiza 600...650
00/XB; alaMeTp IUIWIBHUX JUCKiB 0,4 M; BIICTaHh MK TUIHILHUMH auckamu 0,35 M;
HIBUIKICTh PyXy FMUK0o30upansHoro moayind 1,6...1,8 m/c.

Byno BcTaHOBIIEHO, 110 MUTOMI 3aTpaTH CHOKMBYOI MOTYXHOCTI IIHEKOBOI'O
KOHBe€epa MpH 30MpaHHl THUKH 3 6 psIIKIB KOPEHEIJIONIB 1 YPOKAMHICTIO THYKU BiJl
1,4 no 1,8 xr/mM? 3a 3MiHM MIBHAKOCTI PyXy TMYKO30MPaNbHOro Moxyns Bix 1,2 mo 1,6
M/c 3MiHIOIOThCs B aiana3oHi Big 0,011 kBt mo 0,018 kBt ¢/ xr M. IIpu upomy 3a
OJTHOYACHOr0 30MpaHHS 3-X, 4-X 1 6-TH pAOKIB KOPEHEIUIOAIB IMUTOMI 3aTpaTu
CHOYKUBYOI MOTY>KHOCTI YOCKOHAJIEHOI0 TMYKO30UPaIbHOTO MOJTYJIsSl 3MEHIIIYIOThCHS,
BignmosigHo, Ha: 0,023...0,28 kBT ¢/ xr m; 0,017...0,22 kBt ¢/ xr m; 0,011...0,014
kBT ¢/ kr m.

KiouoBi cioBa: poTOpHUN THUYKOPI3, HAIMpPaBISIOUMN KaHal, CEKyHIHA
nojaya MYk, MUTOMa Maca TUYKH, 3MIHA YPOXKaWHOCTI TMYKH, 3MiHA TyCTOTH

HACa/HKCHHS KOPEHETUTOA1B, MpOo(disIb HAMIPABJISIOUOTO KaHaly, apaMeTpH.



ABSTRACT

Berezhenko E.B. «Substantiation of the haulm gatherer working bodies
parameters». Qualifying scientific work on the rights of the manuscript. Qualification
scientific work with the manuscript copyright.

Doctor of Philosophy thesis on specialism 133 «Industrial Engineering» (13 —
Mechanical Engineering). — Ternopil I. Puluj national technical university, Ternopil,
2021.

In the dissertation work the new scientific problem of energy consumption
reduction of root crops tops harvesting process is solved by development and
substantiation of rational haulm gatherer working bodies parameters. Energy
consumption is reduced by combining the cutting and moving operations of the cut-
off tops with one active (rotary top cutter) and one passive (guide channel) working
body.

In the introduction to the general relevance of the topics, the purpose and
objectives of the study are formed. The scientific novelty, practical significance of
the obtained results and personal contribution of the applicant are described.
Information on approbation and publication of research results is given.

The solution of this work objective is reduced to the connection of the
following complex scientific problems: to develop the constructive-technological
scheme of the improved haulm gatherer on the technological processes analysis basis
of the root crops tops cutting; to develop mathematical models that describe and
characterize the functional dependence of changes in the technological delivery of
cutt off tops between rows with unexcavated roots crops depending on the
agrobiological characteristics of roots crops and operating conditions of the haulm
gatherer; to carry out mathematical modeling of the process of moving the cut off
tops in the guide channel and to determine its rational profile; to develop a
dependence that characterizes the energy costs reduction of the using improved
haulm gatherer in the technological process of root crops tops harvesting; to carry out
experimental researches of: technological delivery of cutt off tops between rows with

unexcavated roots crops depending on the agrobiological characteristics of roots



crops and operating conditions of the haulm gatherer; the length of root crop head
cutting by using a rigidly fixed knife and by using spring-loaded flat knife; to carry
out comparative researches of haulm gatherer working quality indicators for a method
of stacking a cutt off tops between rows with unexcavated roots crops and stacking a
cutt off tops in the area between two adjacent dividing disks located in the row
spacing of unexcavated roots; to determine the economic efficiency of the application
of the advanced hook-harvesting module in production conditions.

On the basis of the carried-out scientific researches, the improved way of
gathering of the main massif of a root crop tops and the basic constructive and
kinematic parameters of working bodies of a haulm gatherer is proved.

On this basis: first time developed: mathematical models that describe the
functional change of the second feed and the specific gravity of the cut and stacked
tops between rows of unexcavated roots depending on the agrobiological
characteristics of roots and operating conditions of the haulm gatherer; mathematical
models that describe and determine the profile of the curvature of the inner surface of
the guide channel from the condition of equal post-shock velocities and equal speeds
of movement of the cut tops along the entire length of the guide channel; empirical
models of the second feed and the specific weight of the cut and stacked tops between
rows with unexcavated roots in the area of the dividing disks location depending on
the agrobiological characteristics of the roots and the operating conditions of the
haulm gatherer; empirical models have been further developed, which allow to
determine the cutting length of the root crop head for two types of cutting knife
depending on the cutting speed and the spring stiffness coefficient.

The first section presents an analysis of root crops tops harvesting methods and
designs a haulm gatherers, the results of theoretical and experimental studies of the
process of cutting the tops by rotary cutter as well as the rationale for choosing the
design scheme of the haulm gatherer for research. The improved haulm gatherer
consists of a frame on which a horizontal rotor cutter is installed, a guide arc-shaped
casing and a guide channel mounted on its inner surface. Knife sections are installed

on the rotary cutter wheel and dividing discs are installed between them. A deflector



is installed behind the guide channel outlet neck.

During the rotation of the rotary cutter knives cut the tops from the heads of
root crops, which under the air flow action moves to the inlet of the guide channel,
and then transported through it to the deflector, where the crushed tops is placed in
the area between two dividing disks installed in between rows of unexcavated roots
crops .

The second section presents a theoretical analysis of the technological process
of harvesting the main array of root crops tops with an improved haulm gatherer.

Based on the analysis of the process of moving the cut tops, mathematical
models have been developed that characterize the functional change of the second
feed and the specific weight of the cut and stacked in the zone between two adjacent
disks installed in the row of unexcavated roots crops depending on agrobiological
characteristics and operating conditions.

It is established that the functional change of both the second feed and the
specific feed of the mass of the cut and crushed tops depending on the change in the
speed of the haulm gatherer, the yield of the tops and the density of root crops is
linear, directly proportional.

With an average yield of large root crop 170... 190 q/ ha, or 1.7... 1.9 kg / m2,
root crop planting density 8... 10 pcs / m2 and the average value of the haulm
gatherer working speed 1.5-1, 6 m / s, the average value of the second feed of the
tops is 60- 80 kg / s, and the specific weight of the stacked tops between rows of
unexcavated roots crops 25-30 kg / m2.

Based on the guaranteed movement of the cut tops in the guide channel to the
deflector are obtained functional dependences, which determine the profile of the
guide channel on the condition of equal post-impact speeds and equal speeds of
movement of the cut tops along the entire length of the guide channel.

It is established that with the diameter of the rotary cutter 0.35... 0.4 m, the
rotational speed of the rotary cutter 73.3 rad / s or the circular speed of the L-shaped
knife 24.5 m / s, the angle of departure of the cut tops from the knife is 85 degrees,
and the rational angle between the direction of the hock velocity vector and the



tangent to the profile of the guide channel at the point of the shock s in the range of
30... 35 deg. at which the initial speed of the cut tops is in the range 0of 9.5... 10.5 m/
s, and at the outlet of the outlet neck - 2.5... 3.5 m / s, while the time of tops
movement on the guide channel is 0, 15... 0.2 s.

Based on the analysis, it can be stated that: the minimum guide channel profile
height is equal to or less than 1 m is achieved at a collision angle equal to 35 degrees;
profile whose collision angle is 15 deg. leads to a significant increase in the material
consumption of the guide channel and an increase in the angular velocity of the rotary
cutter, or increase the energy consumption of the process; the most acceptable is a
profile whose collision angle is close to 25 deg., while the height of the profile of the
guide channel is 1.2 m.

The third section presents the program, description of experimental
installations and methods of experimental research.

The experimental researching program included: development of empirical
models that characterize: the functional change of the second feed and the specific
weight of the cut tops, placed between rows of unexcavated roots crops depending on
changes in independent factors - the speed of the haulm gatherer, yield and planting
density of chicory roots; functional change of root crops heads cutting length
depending on change of independent factors - cutting speed and spring stiffness
coefficient of spring-loaded knife; conducting comparative field researching of the
chicory root harvesting quality indicators for two methods of cutting the main mass
of root crops tops - stacking of the cut tops between rows of unexcavated roots crops
and stacking of the cut tops in the area between two adjacent dividing disks located in
the rows of unexcavated roots crops.

An experimental sample of a 3-row haulm gatherer was used for the
experimental study of the second feed and the specific weight of the cut and stacked
tops between rows of unexcavated roots crops. To study the length of cutting the
heads of fodder beet roots with a cutting knife blade, a shock machine was made with
two types of knives mounted on the end of the pendulum - a flat knife which is rigidly

fixed on the pendulum axis and a spring knife.



The methodology of experimental research was based on scientific methods of
planning and implementation of planned factorial experiments in order to obtain the
regression equations of the optimization parameter.

Processing of the experimental data set was performed according to well-
known calculation methods using the methods of regression and correlation analysis.

The fourth section presents the results of the experimental research program.

Based on the processing of the experimental data set, the following are
obtained: linear regression equations describing the functional change of the second
feed and the specific weight of the tops stacked between rows of unexcavated roots
crops depending on the change in yield and density of root crops and the speed of the
haulm gatherer.

With a variable increase in the yield of the haulm in the range from 1.4 + 0.2
(kg /m2) to 1.6 + 0.2 (kg / m2) and the density of chicory roots in the range from 7 +
2 (pcs / m2) ) up to 9 + 2 (pcs./m2) the second feed of the haulm between rows of
unexcavated roots crops increases in proportion to the increase of each factor and is in
the range from 18 kg / s to 40 kg / s at a module speed of 1.2 m/stol,6m/s.

With a variable decrease in the change in yield of the haulm in the range from
1.6 - 0.2 (kg / m2) to 2.0 - 0.2 (kg / m2) and the density of planting chicory roots in
the range from 7 - 2 to 11 - 2 ( pcs./m2) the second feed of haulm between rows of
unexcavated roots crops increases in proportion to the increase of each factor and is
in the range from 6 kg / s to 26 kg / s at a module speed of 1.2 m/sto 1.6 m/s.

The dominant factors, the influence of which leads to a significant change in
the specific weight of the haulm which is cut with rotary top cutter placed between
rows of unexcavated roots crops between two adjacent dividing discs are the yield of
the haulm and the density of chicory roots. In this case, the specific weight of the
haulm with changes in the speed of the haulm gatherer from 1.2 m/sto 1.6 m/sisin
the range of 18... 27 kg / m2 and 10... 18 kg / m2.

The discrepancy between the theoretical and experimental values of the second
feed of cut haulm between rows of unexcavated chicory roots with changes in

planting density and yield of haulm is in the range from 12% to 20%, and the



proportion of haulm stacked between rows of unexcavated root crops - from 7 to
18%.

According to the results of comparative studies, it was found that the total
amount of impurities in the collected heap of roots decreases by 0.8%, including: the
total amount of soil impurities decreases by 0.5%; the total amount of plant
impurities decreases by 0.3%; the amount of free soil decreases by 0.2%; the amount
of free plant impurities decreases by 0.5%.

It was found that the ammount of cut and stacked halum in protective zone of
unexcavated roots crops for the basic harvesting method is 4.5%, and for the
improved method -2.1 %, the ammount of halum is reduced by 2.2 times.

Effective increase of root crops head cutting speed , or increase of root crops
head cutting length occurs in the second case of constructive execution of a cutting
knife (spring-loaded knife) at spring rigidity more than 35 N/ cm.

The fifth section presents ways to further improve the working bodies of the
haulm gatherer, the calculation of the energy consumption reduction of the process
with improved haulm gatherer and the calculated economic effect of the application
of the improved haulm gatherer.

Based on the analysis of theoretical and experimental studies, the following
rational parameters of the haulm gatherer were substantiated: diameter of the rotary
hook-cutter 0.35 m; rotational speed of the rotary cutter 600... 650 rpm; diameter of
dividing disks 0,4 m; the distance between the dividing disks is 0.35 m; the speed of
the haulm gathereris 1.6... 1.8 m /s.

It was found that the specific consumption of consumer power of the screw
conveyor when harvesting the haulm from 6 rows of roots and the yield of the haulm
1.4-1.8 kg / m2 with changes in the speed of the haulm gatherer 1.2-1.6 m / s change
in the range 0,011 kwW-0,018 kW s / kg m. At the same time at simultaneous
harvesting of 3, 4 and 6 rows of root crops specific expenses of consumer power of
the improved haulm gatherer decrease, accordingly, on: 0,023... 0,28 kW with / kg
m; 0.017... 0.22 kW s/ kgm; 0.011... 0.014 kW s/ kg m.

Key words: rotary top cutter, guiding channel, second haulm feed, specific
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