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OOrpyHTYBaHHS TUITY HOBITPOPO3NOAIIBHOTO MPUCTPOIO
MHEBMOMEXAHIYHUX MPOCAMHUX C1BAJIOK

BcranoBieHo, 110 /U1 THEBMOMEXaHIUYHHUX CiBaJOK BUKOHAHHS BUMOT arpOTEXHIKM MO PiBHOMIpHOCTI
PO3IIOIUTY HACIHHS 3a TUIOIICIO >KMBJICHHS IIIJIKOM 3aJIeKHTh BiJ NMPAaBHIBHOTO BHOOPY KOHCTPYKIi BHUCIBHOI
cucteMd. [IepCreKTUBHUM PO3BUTKOM KOHCTPYKI[IH MPOCAITHUX CIBAJIOK € BHKOPUCTAHHS IMHEBMOMEXaHIYHHX
BUCIBHUX CHCTEM, IO CKJIaJa€ MepeyMOBHU ISl MiABUIIECHHS MPOJIYKTUBHOCTI Mpalli 1 3HWKY€E IPsSMiI BUTPATH
IpHu TOCiBi. AJe, B psAAl BHUMAJKIB, Take TEXHIYHE PIlICHHS NPUBOIUTH JO POCTY METAJOEMHOCTI CiBAOK,
yCKIagHIOE X oOciyroByBaHHs. [IpoBemeHi NOCTIHKEHHS MO3BONWIM TOSICHATH TPUYNHY HEPiBHOMIPHOCTI
PO3MOAITY MOBITPSHOTO MOTOKY IO IIWPHHI 3aXBaTy, fka 0OyMOBJIEHA HEPIBHOMIPHICTIO CTATHYHOTO THUCKY,
3MEHIICHHS SIKOTO BiOyBaeThCs B HANpPSIMKY Bin nepudepii pecusepa 1o iforo nentpy. OTpumani pe3yiabTaTi
MPOMIILIH JTab0opaTOPHY MEPEBIPKY, sIKa MOBHICTIO MIATBEPANIIA PE3YJIbTATH TCOPSTUIHUX JOCITIHKCHb.
pecuBep, NHeBMOMeXaHiYHWI BHCIBHMII amapaT, ciBajgka, BakyyMHa Kamepa, NOBITpsiHMii NOTIK,
PO3pi:KeHHs], BTPaTH THCKY, TipaBaivHuii omip
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Ob0ocHOBaHMEe THIIA BO3JAyXOpaclpeaeuTeJIbHOr0 yCTPOCTBA NHEBMOMEXaAHUYECKUX
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YCTaHOBJ'IeHO, YTO JII IMHEBMOMCXAHHUYCCKUX CCsJIOK BBIIIOJTHCHHUC ’I‘peGOBaHI/Iﬁ ArpOTEXHUKU 110
PAaBHOMCPHOCTH PpaCHpCACIICHUSA CEMSH MO IUJIOMAaAd MUTAHUA IMOJHOCTBIO 3aBUCHUT OT HNPAaBUIIBHOI'O Bmﬁopa
KOHCTPYKIIUH BBICGBaIOIIIeﬁ CUCTEMBI. HepCHeKTI/IBHLIM Pa3BUTHUEM KOHCprKIII/Iﬁ MMPpONAIIHBIX CCAJIOK ABJIACTCA
HCIOJb30BAHUC IMHEBMATHUYCCKUX BbICCBAOMIUX CHCTEM HYTO COCTABJEICT MNPCANOCBUIKUM Jid TMMOBBIIICHUS
MMPOU3BOAUTECIIBHOCTHU TPYJda U CHUKACT MPAMBIC 3aTPAThl IIPU ITOCCBE. HO, B pAAC CIIydacB, TAKOC TEXHUYCCKOC
pelieHne MPUBOAUT K POCTY METAUIOEMKOCTH CEsUIKM, 3aTpyOHsSeT WX oOchmyxuBaHue. I[IpoBeneHHBIC
WCCIICIOBAHUS TIO3BOJIMIM OOBACHUTH NPUYNHY HEPAaBHOMEPHOCTH PacIpelesieHHs] BO3AYIIHOTO TIOTOKA 10 €€
IIMPUHE 3aXBaTa, KOTOpas 0OyCIIOBIIEHA HEPAaBHOMEPHOCTHIO CTaTHYECKOTO JABJICHHUS, YMEHBIICHHE KOTOPOTO
MPOMCXOJUT B HANpaBlICHUH OT Inepudepur pecuBepa K ero LeHTpy. llosydeHHbIE pe3ysbTaThl MPOILIH
J1a00paTOPHYIO MPOBEPKY, KOTOPAs MOJTHOCTHIO MOATBEPAMIIA PE3YIIbTAThI TCOPETUUCCKUX UCCIICAOBAHHA.
pecuBep, NHEBMOMeEXaHMYECKHMII BbICEBAIOLIMI aNlAPAT, ceslJIKAa, BAKYYMHasl KaMepa, BO3AyLIHbIH NOTOK,
paspekenue, NoTepu JaBJCHUA, THIPABJIHYECCKOE COITPOTUBJICHUE

IMoctanoBka mnpodaemu. OaHUM 3 BAKIMBHX IIOKA3HUKIB SKOCTI IOCIBY €
pPIBHOMIpHICT,  PO3MOAUTY HACiHHS 3a [IMPUHOIO  3axBaTy CIBaJKW, s5Ka, JUId
ITHEBMOMEXaHIYHHUX CiBAJIOK, MOKJIMBA TIJIbKU MPH PIBHOMY BiIOOPI MOBITPS 3 YCiX BHCIBHUX
amapatiB 1o 11 mmpuHi 3axBaty [1]. B KOHCTPYKIiSX Cy4YacHHX ITHEBMOMEXAHIYHUX
NpOCAIHUX CIBAJIOK JaHE MHUTaHHS BHpIIIEHO HEe B MOBHIM Mipi. Lleil Hemomik ocoGimBo
NPOSIBIISIETBCSL Y  IIMPOKO3aXBaTHUX CIBAaJOK. 3OIIbIICHHS PSAAHOCTI TMPHU3BOIUTH IO
301IBIICHHST HEPIBHOMIPHOCTI PO3PIKEHB, HACHIIKOM 4YOTO € 30UIBIIICHHS HEPIBHOMIPHOCTI
BuciBy [2, 3].
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Ha cporognimHiii 1eHb A7 BU3HAUYEHHS OCHOBHUX aepOJAMHAMIYHUX XapaKTEPUCTUK
MMHEBMOMEXaHIYHUX BHUCIBHUX CHUCTEM, a TakKOoX i BHOOPY palliOHAIBHOI CXEMH
MOBITPOPO3MOAIIFHOTO  MPUCTPOIO, SKUH  3a0e3reuyBaB  OW  PIBHOMIPHUN  PO3IMOALT
MOBITPSHOTO TOTOKY IO IIMPHHI 3aXBaTy CIBaJKH, Ta OOIPYHTYBaHHS HOTro mapameTpiB
HeoOX1H1 JOJATKOBI JOCHIKEHHS, a caMe, MaTeMaTUYHUN OMUC MPOLIeCy MHEBMOXKUBJICHHS
BUCIBHUX araparis.

B 3B’s3Kky 3 HEOOXimHICTIO iHTeHCH(iKalii CUIBCHKOTOCIIOAAPCHKOTO BUPOOHHMIITBA,
HasIBHICTIO HOBUX COPTIB HACIHHS MPOCAMTHUX KYJIBTYP, SIKi CTaBJIATH OLIbII BUCOKI BUMOTH JI0
PIBHOMIPHOCTI PO3MOIiTy HACIHHS MO TIIOMII KUBJEHHS 3 METOI0 OTPHUMaHHS MaKCHUMaTbHUX
BpOXaiB, MiABUILEHHIO SKOCTI MOCIBHOTO MaTepialy — akTyaJIbHICTb IIi€] 3a/1a4l 3pOCTaE.

AHaJi3 ocTaHHIX J0c/iIKeHb i myOJaikaniii. HanpsMok po3BUTKY TeXHIYHHX 3aC001B
JUIS BUCIBY HACIHHS MPOCAMHMX KYJIbTYp BH3HA4Ya€ HaMiu€HA 32 OCTaHHI POKU TEHJIEHIIis
3aCTOCYBaHHs ITHEBMOMEXaHIYHUX BUCIBHHX cucteM [1, 2, 3].

OmauM 3 HampsMKiB  iHTeHcH(iKalii CUTbCHKOTOCIIOIAPCHKOTO BUPOOHUIITBA €
MiIBUIICHHS MMPOTyKTUBHOCTI MamuH. Take ImiIBUIIEHHS MOXe OyTH JOCSATHYTO 32 PaxyHOK
30iMbIICHHS IMpWHKA 3axBary [1, 2, 3, 5], ame mnpu mbOMY MOCHIIIOETHCS MpodemMa
PIBHOMIPHOTO PO3MOALTY MOBITPSHOIO TMOTOKY B BHCIBHHMX amaparax MO HIMPHHI 3axXBaTy
CIBaJIKH, HACJIIJTKOM YOTO € 301JIbIIIEHHS HEPIBHOMIPHOCTI BUCIBY.

HepiBHOoMipHicT BHUCIBY 9-TH psaHOI NHEBMOMEXAHIYHOI OBOYEBOI CIBAJIKH
CVYTIO-9A 3pocna mo BigHomeHH0 10 6-Tu psaroi CYIIO-6A 3 4,1-6,3% no 14,5-15,3% npu
BHUCIBI HaciHHs TomarTiB i3 1,1-3,4% no 5,4-5,5% npu BuciBi HaciHHs KanyctH [1, 4].

[TaeBMomexaniuna npocamnHa ciBaaka CYIIH-8A Takox He B MOBHIHM Mipi BIAMOBITAE
BUMOTaM 10 PIBHOMIpPHOCTI BHUCiBY. BumpoOyBaHHSMM BCTaHOBJIEHO, IIO L€ TOKa3HUK
KOJIMBa€eThes B Mexkax 7,4-9,4% npu BUCIBI HaCiHHS KyKypy3H 1 3,2-4,9% 1nipu BUCIB1 HACIHHSA
consirHuKy [1, 4] (mo ATB 5% mnst kykypya3sHux ciBanok i 3% mis OypsikoBux). B mporeci
poboTH CiBaJKM I TMOKa3HWK moripuryeThes. Ilicas HampamroBanHs ciBaikoro 10 ra
JIOZIaTKOBA TIepeBipKa BHUABMIA 30UIbIICHHS HEPIBHOMIPHOCTI BUCiBY 1o 44,4% [4]. Tobro,
3a/1adya pIBHOMIPHOTO PO3MOiTY HACIHHS TO TUIONI JKHUBJICHHS, SIKa € HAWBAKJIUBIIIOW TPU
M0CiB1, HE BUKOHY€ETHCS.

3 i€l NpUYMHM KOXXHUM BHMCIBHHMM amapaTr Mo UIMPUHI 3aXBaTy CiBaJKU MOTpelye
1H/IMBIyaJbHOTO HAJNAro/PKEHHS 3a JOMOMOTOI0 CKMJaya «3aiiBOro» HACIHHS, II0 3HAYHO
YCKJIQJTHIOE TIITOTOBKY CIBAJIKK A0 POOOTH, OCOOJIMBO B yMOBAX rOCIOIAPCTB.

BBenenHs B BHCIBHMH amapaT MNpHUCTPOiB, M0 3a0e3MeuyloTh pPIBHOMIpHE
BIZICMOKTYBaHHS TIOBITps, 3MIHIOIOYM JKUBHH Iepepi3 BakyymMHOi Kamepu [1, 2, 3, 4],
YCKJIaIHIOE€ KOHCTPYKIIIFO BUCIBHOTO arnapara.

[ToBITPOPO3MOAUTBHAN TPUCTPIA 3 TBOMA KOJEKTOPAaMH, BCTAHOBJICHUMHU Y BXIiJHOTO
BiKHA BEHTHJIATOpA, Mo Tumy ciBaaku Monoair-80 (Himewunna) [1, 2, 3, 4] yckiagHioe
KOHCTPYKIII0, HE CTBOPIOIOYM TOMITHHX II€peBar B IOKPALICHHI PIBHOMIPHOCTI Bigdopy
MOBITPS 3 BUCIBHUX amaparis.

OcTanHiM dYacoM 3’SBWJINCH 1HIII OpHUTiHAJIBHI TNPOMO3UIlI, CHpsIMOBaHI Ha
MIJBUIIEHHS PIBHOMIPHOCTI BHCIBY 3a paxyHOK cTaOuTi3arii po3piUKEHHS B BaKyyMHHX
KaMepax BHCIBHUX amapaTiB MO IUPUHI 3aXBaTy CIBAJIKH.

[Tpornionyethest [4] BCTaHOBMIOBATH PECHBEP, B SKOCTI SIKOTO BHKOPHUCTaHI JIBI TPyOH
pi3HOro miamerpa. B mopoxuuHI TpyOM Oinbmioro piamerpa (30MpasbHOTO KOJEKTOPA)
posrtamioBaHa TpyOa MEHIIOro jiaMeTpa (BiICMOKTYBaJbHHH KOJEKTOP) 3 OTBOPaMH,
CMOJy4eHa 3a JONOMOrOI0 INTYLEpiB Ta TpyOONpOBOAIB 3 BCMOKTYBAJBHHUM BIKHOM
BeHTWIATOpa. [lpm poOoTi ciBagkM BakyyM, IO CTBOPIOETHCS BEHTHJIATOPOM, Yepe3
TpyOOIIPOBOIU Ta OTBOPH BIACMOKTYBAJBHOT'O KOJEKTOPA, KUIBKICTh SIKUX B J[Ba Pa3d MEHILE
KUIBKOCTI BHCIBHUX arapartiB, TMEpeIacThCsi B 30HMpaIbHUN KOJEKTOp, a 3 HBOTO Yepes
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MOBITPOBOAM — B BaKyyMHI KaMepu BUCIBHUX amapartiB. Henmomikom — Takoro
MOBITPOPO3MOIIFHOTO MPUCTPOIO € HOTO BEITMKA METAIIOEMHICTD, CKIIaHICTh BUTOTOBJICHHS,
a TaKOXX 3Ha4YHI BTPATH THCKY MpH OaraTopas3oBiii 3MiHI HANPSIMKY pyXy HOBITPSIHOTO MOTOKY
B 30MpaJIbHOMY Ta BIJICMOKTYBaJbHOMY KOJIEKTOPAX.

B inHmnii koHcTpykuii [1, 4] mpOMOHYETHCS BCTAHOBIIOBATH HA KOKHOMY BHCIBHOMY
amapari eXeKTOp 3 BCMOKTYBaJIbHOI KaMepOro, CIOJYYCHOI 3 BaKyyMHOKIO KaMeporo
BUCiBHOrO anapara. [Ipu po6oTi ciBajKu JKepeso CTUCIOro MOBITPS MOAA€ HOro B pecuBep a
Jalli MO MOBITPOBOJAM JI0 EXKEKTYouux TpyO ekekropiB. IloTiK MOBITps, BHUXOIAYU 3
©XKEKTYI0UO01 TpyOH, CTBOPIOE PO3PIHKEHHS B BaKyyMHiN Kamepi BHCIBHOro amapata. Takuit
NPUCTPIA TPOMI3IKUH, CKIaTHUIA Y BUTOTOBJICHHI, a TAKOXX MAa€ BEJIHKY CHEPTOEMHICTH 3
npuunHu  Hu3bKoro KKJ[ exexropa. EQexTHBHICTD BUKOPUCTAHHS TaKOIroO CKJIAJHOTO
MPUCTPOIO BUKJIMKAE CYMHIBH.

Omxe, B TEHepilIHIA dYac Juisl MPOCAIMHUX CiBaJOK HaWOLIbII e()EKTUBHUMH €
MTHEeBMOMEXaHIYHI BHUCIBHI CHUCTEMH BaKyyMHOTO THITy 3 amapaTaMyd I1HIWBIAYaJIbHOTO
no3yBaHHs. J[ns BHSIBICHHS HaAWOLIBII  paIiOHATBLHOTO THITY TOBITPOPO3IMOAIIBHOTO
MIPUCTPOIO, KUK 3a0e3redyBaB OM PIBHOMIPHUH PO3IMOALT MOBITPSHOTO MOTOKY B BHCIBHHUX
amapartax Io IIMPHHI 3aXBaTy CIBAJIKH, HEOOX1IHI TOJaTKOBI JOCIIiIKEHHSI.

IMocTtanoBka 3aBaaHHs. JlOCHI[UKEHHS NPOBOAWINCH 3 METOI0 MaKCHMAaJIbHOTO
HaOJIMKEHHST BPOXKAMHOCTI MPOCAHUX KyJIbTYp 10 ii MOTEHLIHHOIO KOPIOHY 3a PaxyHOK
MOJINIIEHHS. PIBHOMIPHOCTI PO3MOAUTY HACiHHA MO IUIOHI JKMBJICHHA ILISIXOM BHOOpY
paIioHaIBHOI CXEMH MOBITPOPO3NOIITFHOTO TPUCTPOIO Ta OOTPYHTYBAHHS HOTO MapaMeTpiB.

3riiHO BHUCYHYTOi po0OOYOi TIMOTE3W PIBHOMIPHUHM pPO3MONLT HACIHHSA IO IO
KMBJICHHSI THEBMOMEXaHIYHOI CIBAJKOK 3 BHUCIBHUMM amapaTaMd BaKyyMHOI'O THITY
MO>KJIMBUH TIPU PIBHOMIPHOMY PO3IMO/LI MOBITPSHOTO MOTOKY M0 ii BUCIBHIN cUCTEMI.

Buknan ocHoBHoro marepiany. BcraHoBieHo, 10 I MPOCAMHUX CIBajoOK 3
THEBMOMEXAHIYHUMH BHCIBHUMHU arapaTaMd BaKyyMHOTO THITy HaWOIIbII HIMPOKOTO
MOIIMPEHHSI 3HANIIUTA TOBITPOPO3MOALILHI IPUCTPOT ABOX THITIB [4]:

1) 3 KOJEKTOpPOM, BCTQHOBJICHHUM Ha KOPIycl BEHTHISATOpPA, Ta IOBITPOBOJAMH,
3" €JJHAHUMH 3 BHCIBHUMHU ariapaTaMu;

2) 3 pecuBepoM, BHYTPILIHS MOPOKHHHA SIKOTO 3 €IHAHA 3 BEHTHIATOPOM i
NpUETHAHUMH JI0 HOro OOKOBOI MTOBEPXHI MOBITPOBOAAMH OIHAKOBOT TOBXKHHH, CIIOTYYCHUMHU
3 BUCIBHUMH aniapaTamH.

3 METOI BCTAHOBJCHHS HAWOUIBII PAlllOHAILHOTO THITY MOBITPOPO3NOAITHEHOTO
HPHUCTPOIO MPOBEACHO aHaNi3 yMOB THEBMOYKHMBJICHHS BUCIBHUX amapaTiB. B sikocTi kpurepito
NP OI[IHIOBaHHI HEPIBHOMIPHOCTI BETMUUHM PO3PIPKEHHS B BHCIBHUX araparax 10 IIHPHHI
3aXBaTy CiBaJKH BUKOPHUCTOBYEThCS Koe(irieHT Bapiarii [5]:

1)

ne W — xoedimieHT Bapiaii, %;

N — PSAIHICTH CIBAJIKH;

Pi — PO3piKEHHS B I-OMy BHCIBHOMY amapari, [1a.

Po3risiHeMO MOBITPOPO3MOAUTBHUI MPUCTPiN N-PSIHOT CIBAJIKK 3 KOJIEKTOpoM (puc. 1)
| BIAMOBIIHO 10 Tepepi3iB a-b 3amwmemo piBHsHHSA beprymmi: [6]:

V-2
Py Ap,,, )

pa:pb+

99



ISSN 2414-3820 KonctpyroBaHHsl, BUPOOHHUIITBO Ta SKCILTyaTallis CUTbchkorocnonapcebkux Manm, 2020 surr. 50

Iie Pa — atMocdepHmit THCK, [1a;

Pp — CTATUYHUIN THUCK B Hepela)isi b, ITa;

p — UIIBHICTH MOBITPS, KI/M”;

Vi — MBUKICTH MOBITPSHOTO MOTOKY B I-OMY MOBITPOBOII, M/C;
APa-p — BTPATH THCKY Ha AinsHii a-b, Ila.

Pucynok 1 — Po3paxyHkoBa cxema MOBITPOPO3MOAITEHOTO IPHCTPOIO 3 KOJEKTOPOM
Hotcepeno: po3podaeno asmopom

Brpatu THCKy Ha AinsHII 8-D CKiIagaroThCs 3 BTpaT B BUCIBHOMY amapari Ta BTpaT Ha
TEPTsI NP MEPEMILIEHHI MOBITPSIHOIO MTOTOKY B TIOBITPOBO/II:

Apr:l—b = Apea + Apmp ' (3)
oV’ . . .
ne Ap,,; = gT — BTpaTH TUCKY B I-My BUCIBHOMY anapari, [1a;
I pV.? : : :
AP, = /15 — BTpPaTU TUCKY Ha TEPTA B |-OMY IOBITPOIIPOBOIL;

TYT ¢ — KOe(IILi€HT T1IpaBIiuHOTO OMOPY BUCIBHOTO anapara;
A — KOeQIIIEHT TiAPaBIIYHOTO OTMOPY MOBITPOIIPOBOY;
d — mpoxigHuit JiaMeTp MOBITPOIPOBOAY, M;
li — moB>kMHA I-TO MOBITPONPOBOY, M.
2
I jpvi

Ap, , = A=, 4
pa—b (g-l_ d 2 ()

[TincraBuBimm y Bupas (2) 3HaiigeHe 3HaueHHS APap 3 (4) Ta BpaxoBy[OUH, IO
CTaTHYHHUI THCK B Tepepi3i b mopiBHIOE pi3HUII aTMOC(HEPHOTO THCKY Ta BAKYYMETPHYHOTO B
KOJIEKTOpI, MICJIA BiAMOBIIHUX MEPETBOPEHD 3HANIEMO IIBHIKICTH MOBITPSIHOTO MOTOKY B I-
OMY TOBITPOTIPOBOII:

2
VI — p(iaKKO."l I , (5)
p(l +c+A4 d'j

1€ Psaxxos — POPIIKEHHS B KoJIekTOpi, [1a.
3anumemo piBHSHHS bepHyInti BianoBigHoO 10 nepepisis a-C (puc. 1):

2
+&+Ap

> M ©

Pa = Pc

1€ Pc — CTATUYHUN THCK B miepepisi C, Ila.
[TincraBuBim B Bupa3 (6) 3HauCHHS APgi 1 BPaxOBYIOUHM, IO CTATHYHHM THCK B
nepepisi C JOPIBHIOE PI3HUII aTMOC(HEPHOTO THCKY Ta BaKyYMETPHYHOTO B MICIIl CIIOTyYEHHS
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MOBITPONPOBOY 3 BaKyyMHOI KaMepolo, OTPHMAEMO BEJIHYMHY PO3PIIKEHHS B iI-MYy
BHCIBHOMY arapari:

Pt = 625 )

[MincraBusim 3uauenus Vi3 (5), orpumaemo:
P =5 p ®)

1+g+ﬂé

Bpaxosyroun (8) orpumaemo 3 (1) Bupas mis Bu3HA4YeHHS KoedimieHTy Bapiariii
HEPIBHOMIPHOCTI PO3PIMKEHb B BaKyyMHHUX KaMepaxX BHCIBHUX amapatiB MO MIMPHHI 3aXBaTy
CiBaJIKM 3 KOJIEKTOPOM:

2

" 1
"
Hlrc+ At
W = d/ _1.100. )

2

>t

b+ AL
R

—_—

BcranoBumo BenmumHy Koedilli€eHTy Bapiamii piBHSA pO3PIHKEHHS B BUCIBHUX
amaparax THEBMOMEXAHIYHHMX CIBaJlOK 3 PECHUBEPOM IOCTIHHOTO TMOMEPEYHOro Tepepizy

(puc. 2).

, /
7__ |2 |3 |~ i;? ;‘7 n ;l
" | =S h ;a j C
PR G4 ’iU/ A A
lo a
=~ = = — = — .= = = = = = =
\/ f ViVAVAv.Vava f VAVAVAV/
"i I'u,l AR e e o s T A\ 1

7 77 \
72 3 k3T 5 5 592 543 00 n

Pucynok 2 — Po3paxyHKoBa cxema MoBITPOPO3IOIIIBHOTO IPUCTPOIO 3 PECHBEPOM

wcepeno: pospobreno asmopom

OCKUTBKM  TOBITPONPOBOAM CHUMETPUYHO PO3TALIOBaHI BIJHOCHO BEHTHJISATODPA
(puc. 2), posriastHeMo poOOTy JwHie oaHiel yacTiHH (J1iBOT).
[MincraBuBmiu B (1) 3HAUCHHS Pyyxi 3 (7) 3HAKIEMO:

101



ISSN 2414-3820 KonctpyroBaHHsl, BUPOOHHUIITBO Ta SKCILTyaTallis CUTbchkorocnonapcebkux Manm, 2020 surr. 50

(10)

301IbIICHHS BUTPAT MOBITPS Bix mepepidy i-1 10 mepepisy | IOPIBHIOE BHTpaTaMm
HOBiTpSI, AK€ HAAXOOUTH 3 i'OFO BI/ICiBHOFO arapara. Takum YUHOM, MO’KHa 3ar1ucaTu.

F(Vpi _Vpi—l): wa (11)

ne F — moma mpoxigHoro nepepisy pecuBepa, M

. . . 2.
f — ruTo111a IOX1IHOTO TIEpepi3y MOBITPOIIPOBOLY, M*;
Vi — MBHUIKICTH MOBITPSHOTO MOTOKY B I-OMY MOBITPONPOBOIi, M/C;
V,i — LIBUAKICTH MOBITPSHOTO IIOTOKY B IIEpETHHAX pecuBepa, M/c.
BukopucroBytoun (11) orpumaemo BennuuHy KoedillieHTy Bapiarfii:

DAV,

W = _~1-100. (12)

3anuiiemMo piBHSAHHS KiTBKOCTI pyxiB [7] B mpoekilii Ha MOB3IOBKHIO BiCh pecHBEpa
CTOCOBHO J10 00’ €My, 0OMeXEeHOMY Tepepizamu i-1 Ta I, a TaKoXK CTIHKaMHU pecHBepa:

piaF —pF-dll, = pFV - PRV, (13)

pi-17
Jie Pi — CTaTUYHUI TUCK B Iiepepizax pecusepa, [la;
11 — nepumeTtp pecuBepa, M;
lp — BigCTaHb Mi’K OCSMH TTOBITPOIPOBO/IIB, M;
2

;i’pi—l PVpi—l

4 2
TyT ﬂpi_l — KoeiIlieHT TiApaBIIYHOTO OMopy B nepetuHl I-1 pecuBepa.

T, = JIOTUYHI HANpY>KeHHsI B iepeTHHi I-1 pecusepa, H/M?,

IBUIKICTH MOBITPSIHOTO TOTOKY B i-My IITYIEPi MOKHA BU3HAYNTH, BAKOPUCTOBYFOUH
bopmyiy Butikanus [8]:

Vmi =H Z(pH—pi ’ (14)
P
Iie ( — KoedIieHT BUTpAT;
Vi — IBUIKICTB MOBITPSIHOTO MOTOKY B I-My IITYIEpi, M/C.
BukopucroByroun 3anexHicTh (14), PI3HUIIO CTATUYHUX THCKIB MOXHA TPEICTABUTH Y
BUTJISAII:
2
= Dla Pl (15)
2u

BpaxoBytoun piBHSHHS 00’ €MHUX BHTpAT [7]:

Qui=fVi=1,V (16)

w LMI !
ne f,, — mroma npoxisHOro NepeTHHy ITYLEPa, MZ,
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Vi — WIBUJIKICTH TIOBITPSIHOTO MOTOKY B I-OMY IITyLIEpi, M/C;
Qsqi — BUTPATH TIOBITPS B i-OMY BHCiBHOMY amapari, m/c.
Binnosinno Bupasy (11), maemo:

Vmi = fi(vpi _Vpi—l)’ Vu,{i—l = fi(\/p[l _Vp[—Z) (17)
[MincraBnsroun (17) B (15) orpumaemo:
2
pi—l - pi = thpl%[(\/pi _Vpi—l )2 - (\/pi—l _Vpi—2 )2] (18)

[TincraBuBuim B piBHsHHA (15) Benmuuny Pii-Pi 3 (18) i BpaxoByroun, mo |, = L

H
(n-1)
micJIs BIAMOBIIHUX TEPETBOPEHb OTPUMAEMO 3HAYCHHS IIBUIKOCTI MOBITPSHOTO TOTOKY B
nepepizax pecuBepa:

) T W D7 Aiak 2 2
Vpi—l + \/Vpil - (1_ F 2 F 2 2— (n il)D pi-1 + vai—ZVpi—l _Vpi72
Vo= .

" | 2wty
F 2
ne D, — exBiBaJIeHTHU JiaMeTp pecuBepa, M;
L — 3arajipHa TOBXKMHA PECHBEPA, M;
iI=2, 3, 4,..,n/2.
[1in 3HAKOM pajiuKally B3STO 3HAK ILIIOC, OCKIIBKH 3aBXKIU V>V 1.
Jlns Bu3HaueHHS KoedimieHTy BUTpAT 3amuiieMo PiBHSHHA bepHysuti s aiasHku a-b

(puc. 2):

,» (19)

/)Vufi
Pa = P +T+ Apa—b ) (20)
ne Ap,., =Ap,, +Ap,, +Ap,, +Ap, — BTpath TUCKY Ha ainsnu a-b, Ila.
pV.? . . . )

TYT AP, =¢ — BTpaTH TUCKY B I-OMy BUCIBHOMY amnaparl, I1a;

I pV? . . .
Ap,,i = /IE— — BTpaTH TUCKY B I-oMy noBiTponposozi, [1a;

N .
AP, =6, — BTpaTH IIpU BXOA1 B mITyLep, l1a,

| 2 .
Ap, =1, di% — BTpaTu THCKY B mTyuepi, [1a;

| — moBXHMHa MOBITPOIPOBOY, M;
d — mpoxiiHuUiA JiaMeTp MOBITPONPOBOY, M;

3/4
G, = 0,5(1—%j — Koe(IIiEHT MICIIEBOIO OIOPY MUTTEBOMY 3BY:KyBaHHIO [9];

ne Ay, — Koe(illieHT TipaBIivHOTO OTIOPY MITYIEPA;

|, — moBkMHA IITyLIEPA, M;

d,, — moxinuuit miamerp mryuepa, M (d,,=d,m=Cconst).

To6to, BpaxoBytouu piBHSHHA 00’emuux Burpar (16), Brpatn ApPsp MOXKHA
NPEJCTaBUTH B HACTYITHOMY BHIJISII:
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1 f2 £V | pv?
Ap,, =||c+A—|%5+051-——| +4,6 " |—=. 21
pa—b {(g d } f 2 [ f j w dm 2 ( )
Bukopucrosytouu (14), (20) ta (21) micis nepeTBOPEHb OTPUMAEMO:
1

(22)

p= -
1 f2 V)

1+(g+/1j S+051-—1| +4,-~
d)f f d

[MincraBnsroun 3HaueHHs koediuienty Butpat (22) B (19), orpumaemo dopmysy st
BU3HAYCHHS ILIBUIKOCTI HOBITPSIHOTO MOTOKY B I-OMy Iepepisi pecusepa:

AL
Vo + \/v;l - ZB){B[Z - (njll)D)vjil + 2V, Vo -V,
V 3

= , 23
" 1-2B 23)
)
3
e B 1 f2 £
I+ g+A— |- 5 +09 11— +4,-~
d)f f d,
[Mpunyckarouu i=2, Ta BpaxoBywouH, 110 Vo=0, oTpuMaemo:
Ve =CV,,, (24)
AL
1+ [1-(1-2B)B| 2— "
c (h-1)D,
e = )
e 1-28
Ipunyckatoun (=3 1 migctaBmsiioun  V,p=CV,1, 3Haxogumo V,3=C3V,1. [Haii,
npumnyckarouu (=4, 5, 6, ..., N/2, orpumaemMo:
V,=CV,, (25)
2 ﬁ“pifll‘ 2 2
C_,+.|C} —-(1-2B)B Z—W CZ,+2C, C_,—CZ,
eC = ‘ ,

e 1-28

Tyt Co=0; C1=1; i=2, 3, 4, ..., n/2.

[TlincraBmsroun B (12) 3mawenns V,; 3 (25), orpumaemMo BHpa3 Uil BU3HAYCHHS
KoeilieHTy Bapialii piBHSA PO3PIIKEHHS B BaKyyMHUX Kamepax BHUCIBHHMX amapaTiB IO
IIUPHHI 3aXBaTy CIBAJIKU 3 PECUBEPOM:

n/2
n (Ci _Ci—l)4
W = B ~—1-100. (26)

2[%((; = ci_l)z}

i=1

[lpu mnposeneHHi po3paxyHkiB 3a ¢opmynamu (3.20) Tta (3.50) koedimieHT
riIpaBIiYHOrO OIOPY BHMCIBHOTO amapara ¢ mpuiiMaBcs 3a pekomengarismu [10]. 3a
pesyibTaramMu Po3pPaxyHKiB moOymnoBaHi rpadiku 3anexunocti W=f(n) mis kykypyn3sHoi
ciBanku (puc. 3).
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Y n
1- ciBanka 3 konekropom; 2 — D,=40 mm; 3 — D,=60 mm; 4 — D,=80 mm; 5 — D,=100 mm

Pucynok 3 — HepiBHOMIpHICTb pO3piKEHB 110 IIMPHHI 3aXBaTy KyKYPY/A3SHUX CIBAJIOK
Horcepeno: pospobdaeno asmopom

AHai3 3a1eKHOCTE! MoKa3ye, 10 MPU 30UTbIICHHI PSAIHOCTI CIBAIOK 301IbIIYETHCS |
HEPIBHOMIPHICTh PO3PIPKEHh B BUCIBHUX amaparax, sika HPUBOJIUTH JI0 HEPIBHOMIPHOCTI
BHCIBY HACiHHS.

JIst ciBaJoK 3 KOJIEKTOPOM II€ TOSICHIOETBHCS THM, IO TPH 30UIbIICHHI PSTHOCTI
3pocTae Bapiailisi JOBXHH MOBITPONPOBOIB Ta BTPAT THCKY B HUX. [Ipu 11bOMYy 301JIbIICHHS
koedimienty Bapiamii HepPIBHOMIPHOCTI PO3PIMKCHHS CHOCTEPITAETHCS TPU  3MEHINCHHI
koedimieHTy TigpaBIiYHOTO OMOpPY BHUCIBHOIO armapara, OCKIJIbKM HOro 3HA4YCeHHS CTae
CHiBBUMIPSHUM 3 Koe(IIieHTOM TigPaBiIiyHOrO oOmopy 1 HEPIBHOMIPHICTh TOBKHUH
NOBITPONPOBOAIB Iie B Olnbliiii MipI BigOWBaeThcsi Ha PiBHOMIPHOCTI BIOOPY MOBITPS 3
KOKHOTO amapata. Ilpu 30iibmieHHi  KoedimieHTy BIUIMB HEPIBHOMIPHOCTI  JOBXKHH
MOBITPONPOBOJIIB TIOCJIAOIIOETHCSI BHACHIZOK 3MEHIICHHS JOJIi OMOpY IMOBITPOIPOBOMIB B
3araJbHOMY OTOPI THEBMATUYHOT CHCTEMH.

Jns ciBaJoOK 3 pecuBEepoM 31 30UIBIICHHSAM PSIHOCTI 3pOCTae Bapiailis PIBHS
PO3pIKEHHSI B pPECHBEpi, sIKa MPUBOJIMTH 10 HEPIBHOMIPHOCTI PO3PiMKEeHh B BHCIBHUX
amaparax. [Ipu 1pomy 3HIKeHHs KoediieHTy Bapiamii crocrepiraeTbcs npu 301IbLICHHI
niamerpa pecuBepa Ta 30iibmicHHI KoedimieHTy rigpaBiiyHOrO OMOPY BHCIBHOTO amapara.
BusiBiieHa 3aJIeKHICTh 3HAXOUTH CBOE (Di3MYHE MOSICHEHHS B TOMY, IO 30UTBIIEHHS TLUIOMII
NPOXITHOTO TMepepidy pecuBepa Ta 3HIKEHHS BUTpaT IMOBITPA B BHCIBHOMY armapari
NPU3BOAUTH O 3MEHIICHHSA MIBUAKOCTI V,, 3a0e3medyroud 3MEHIICHHS BEJIUYUHU
NpHUEIHAHUX B PE3yJIbTaTI HaIXOMKEHHS MOBITPS 3 BUCIBHUX arapaTiB IHHAMIYHUX THCKIB BijI
nepudepii pecuBepa 10 HWoro ueHTpy. ToMmy CTaTHYHHMH THCK IO BCii JTOBXKHHI pecuBepa
BUPIBHIOETHCS.

BucHoBKHM. AHali3 OTPUMaHUX 3aJCKHOCTEH MOKa3zye, IO CIBAJIKU 3 PECHBEPOM
niametpom Oinbmie 70-80 MM mo xapaktepy BimOOPy MOBITPS 3 BUCIBHHMX amapartiB MarOTh
nepeBary nepej ciBalkaMu 3 KojekropoM. [Ipu 30inbiieHH] MPoxigHOTo AlaMeTpa pecuBepa
1151 TIepeBara cTae OUTbII TOMITHOTO.
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Substantiation of the Type of Air Switchgear of Pneumomechanical Seed Drills

Fulfillment of requirements of agrotechnics on uniformity of distribution of seeds on the area of feeding
completely depends on the correct choice of a design of sowing system.

Promising development of designs of row seeders is the use of pneumatic sowing systems, which is a
prerequisite for increasing productivity and reducing direct costs during sowing. But, in some cases, such a
technical solution leads to an increase in metal consumption of drills, complicates their maintenance. The costs of
production and operation of such drills become unjustified.

Various types of air switchgears are used to select air from sowing machines in vacuum pneumatic sowing
systems and to distribute it over sowing machines in pneumatic sowing systems of excess pressure.

Recently, in the designs of most pneumatic seeding systems of domestic and foreign drills used receiver,
which has the form of a pipe, the inner cavity of which is connected to the fan. Air ducts of the same length
connected to the sowing machines are adjacent to the outer side surface of the receiver. The use of the receiver

106



ISSN 2414-3820 KoHcTpyroBaHHsI, BAPOOHHMIITBO Ta EKCILTyaTallist clTbcbKorocroaapchkux mMarmH, 2020, Burr. 50

simplifies the design of the pneumatic seeding system, eliminates the difference in the lengths of the air ducts and
reduces their length, which eliminates their inflections in the process of the drill.

The conducted researches allowed to establish the dependences, the analysis of which showed that with
increasing the number of seeders the unevenness of the differences in the sowing machines increases, which leads
to the unevenness of sowing the seeds.

For drills with a collector, this is explained by the fact that with increasing uniformity, the variation of air
duct lengths and pressure losses in them increases. In this case, an increase in the coefficient of variation of the
non-uniformity of propagation is observed when the coefficient of hydraulic resistance of the sowing machine
decreases, since its value becomes comparable with the coefficient of hydraulic resistance and the non-uniformity
of lengths. As the coefficient increases, the effect of the unevenness of the air duct lengths weakens due to the
decrease in the fraction of air duct resistance in the total resistance of the pneumatic system.

For drills with a receiver, the variation in the level of rarefaction in the receiver increases with increasing
uniformity, which leads to uneven distribution in the sowing machines. At the same time, a decrease in the
coefficient of variation is observed with an increase in the diameter of the receiver and an increase in the
coefficient of hydraulic resistance of the sowing machine. The revealed dependence finds its physical explanation
in the fact that the increase in the cross-sectional area of the receiver and the reduction of air flow in the seeder
leads to a decrease in air flow rate in the receiver, providing a decrease in the amount of air connected to the.
Therefore, the static pressure along the entire length of the receiver is equalized.

The analysis of dependences also shows that seeders with a receiver with a diameter of more than 70-80
mm have advantages over seeders with a collector in terms of air selection from seed drills. As the previous
diameter of the receiver increases, this advantage becomes even more noticeable.
receiver, pneumomechanical seed drill, drill, vacuum chamber, air flow, vacuum, pressure loss, hydraulic
resistance

Ooeporcano (Received) 29.10.2020 Ipopeyenzosano (Reviewed) 05.11.2020
Ipuiinamo oo opyxy (Approved) 21.12.2020

YK 631.363.2 DOI: https://doi.org/10.32515/2414-3820.2020.50.107-113

P.B. KicinboB, gou., kana. texH. Hayk, B.C. XmeaboOBCbKHMii, J0I., JI-p TEXH. HayK,
IL.I". JIy3awn, noi., kaaa. Texd. Hayk, L.II. CucoJiina, 1o11., KaHJ. TEXH. HAyK
LlenmpanvHoykpaincokuii HayioHanbHuli mexuiunuil yHigepcumem, M. Kponusnuyvkuil,
Ykpaina

e-mail: ruslan_vik@ukr.net

Jloc1IDKEHHST IBOCEKIIIMHOTO 3MiITyBayva JJjis

PUTrOTYBAHHS 30aJITaHCOBAHUX CyMilIel Ha pepmax
BPX

VY crarti Ha MiACTaBI TPOBEACHO aHAII3Yy ICHYHOUHX KOHCTPYKINHA 3alpONOHOBAHO HOBY CXEMY
JIBOCEKIIHHOTO ~ CTPIYKOBO-JIONIATEBOr0 3MilllyBaya. EKCIepUMEHTalbHI JIOCTI/DKEHHS BU3HAYWIM  BILUIMB
KOHCTPYKTHUBHHX 1 PeKMMHHX IapaMeTpiB Ha SIKICTh MIPUTOTYBaHHS KOPMOCYMIII /ISl BEJTMKOT poraToi Xymo0u.
BusHadueHa o0nacTe pamioHaNBPHUX 3HAYCHb IPH SKUX JIOCATAETHCS MaKCHUMalbHAa OXHOPITHICTH CyMIIIi.
OtpumMaHO TpadivuHi 3aJIEKHOCTI, SKI XapaKTepU3yIOTh SIKICHY pOOOTY MABOCEKLIIHOTO KOMOIHOBaHOTO
3MilTyBaga KOPMIB.
3MilIyBa4 KOpMiB, KOpMH, TBADHHHUITBO, OHOPIIHICTL cyMilli, KOpMoOcCyMilll, 300TeXHIYHi BUMOTH
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