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Bacunenxa

JIoCHiIPKEHHS PyXYy 4aCTOK B KBa3IrOPU30OHTAJIbHOMY
MJIOCKOMY KaHaJll MHEBMATUYHUX CENapaTopiB

B HacmiOK aHATITHYHOTO PO3B’ 3Ky CHPOIICHUX HEMIHIHHUX PIBHAHB PYXY YACTHHKH B OJHOPITHOMY
TIOBITPSTHOMY HOTOI OTpUMaHi (POPMYIH UI1 PO3PAXYHKIB IIBHIKOCTI Ta TPAEKTOPIi iX MOIBOTY B IIIOCKOMY
KaHAJI 3 MaJIAM KyTOM HAaXWIy A0 TOPH30HTY. BH3HAUCHHS JANBHOCTI IOJBOTY YACTHHOK B KaHAMI 3aJaHOI
BHCOTH, a TaKOX HOTO TMOAULIIOYOi CIPOMOKHOCTI 332 TPAHMYHMM 3HAYCHHAM KOC(imi€HTa BITPHIBHOCTI
HACIHHA, 3BCCHO 0 BHKOPUCTAHHSA Ta0HIi crienianpHoi PyHkmii JlambOepra.

YACTHHKA, MOBITPSIHUIT TWIOCKUI KaHAJ, MOMIJIAYA CIPOMOMKHICTH, MBHAKICTH i JAJLHICTL MOJILOTY,
dynknist TamGepta

IMocranoBka npobaemu. 3HaHHA OANICTHYHUX BJIACTUBOCTEM YAaCTUHOK B TMOJI
NOBITPSIHOTO  TMMOTOKY [IO3BOJIIE  OOIPYHTOBAaHO BHOHMpATH paLliOHAJbHI MapaMeTpu
MHEeBMATUYHUX CEMapaTopiB HAciHHEBUX cymimeil. Ilpu KBagpaTW4Hii 3ajeKHOCTI
aepoONMHAMIYHOI CHUJIM BiA BIAHOCHOI IIBHUAKOCTI TOTOKY TMOBITPS PIBHSHHA IOJBOTY
YaCTUHKM € HeNHIHHUMH 1 A IX IHTerpyBaHHS BUKOPUCTOBYIOTH YHCJIOBI METOIM.
OTpuMaHHS aHAJITUYHUX PO3B’SI3KIB MMOB’s13aH] 13 3HAUHUMH MaTEMaTHYHIMH CKJIATHOIAMH.
AJe X OTpUMaHHS MOXKJIMBE MICIsI HAJIEXKHOTO cripoinenHs 3anadi Komi. Tomy onepsxaHHs
HAOJMIDKEHNX AQHAJITUYHUX PO3B’SI3KIB, AKI NPHUBOAATH O KOMIIAKTHHUX PO3PaXyHKOBUX
bopMy, 3aIHIIAEThCA AKTYAIBHOIO 331a4€H0.

AHaJN3 OCTAHHIX JOCHIT:KeHb Ta myOJaikanid 3 TMOBITPSHOI cemapauii 3epHa
Buknageanii B [1]. I3 ocramnix pobit 3a mpobnemoro Biamitumo [2], [3]. B poboti [2]
OOTpyHTOBAaHO BIUIMB JKMBHJIbHHKA Ha €(EKTUBHICTh cemapanii y TOpPHU30HTAJIbHOMY
noBITpstHOMY moToui. B nucepranii [3] mocnipkeHO BIIMB HEPIBHOMIPHOCTI ITOTOKY MOBITPS
MO BHCOTI KaHaJy NPSAMOKYTHOTO NEPETHHY Ha sKICTh PO3IUICHHS 3€PHOBUX cymimeil. B
crarti  [4] omucani OymoBa 1 npwHOWN POOOTH  3WUr3aronoAiOHOr0  KUTbLEBOTO
nmHeBMOcenapatopa. Pesymsratn pO6OTI/I MOJIEPHI30BAaHOTO CemapaTopa 3 HAXHIECHUM
MOBITPSIHUM KaHAJIOM TIPHU OYHINEHI HACIHHS PEIUCKH OHy6J‘IlKOBaH1 B [5]. 3arambni
HANPSIMKU lHTeHCI/I(I)lKaLIII MOMEPEHbOrO  OYHMIIEHHs 3epHA NOBITPSIHUMHU TTOTOKaMH 1
OCOOHCTI pe3yJIbTaTH NOCIIIKeHb HaBelleH! aBTopamMu B poOoTi [6].

MeTtoro focaigKeHb € OTPUMaHHS HAONMKEHUX KOMIIAKTHUX (opMyn aus
pPO3paxyHKy KIHEMAaTHYHUX @IapaMeTpiB UYaCTHHOK I dYac iX pyXy B OAHOPLAHOMY
MOBITPSTHOMY TIOTOLIl B TUIOCKOMY KaHaJ 3 MaJM KyTOM HAaxwIy O TOPH30HTY.

PesynbTaTn pocainkennb. Po3risiHeMO MOBITPSIHUNA NPSIMOKYTHUN KaHAJ LIUPUHOIO h
BEPXHsI 1 HIDKHS CTIHKM SIKOTO HaXWJIEHI A0 TOPU3OHTY MiA KyToM ¢« . Bekrop mBumkocTi
BUCXiTHOTO OJHOPIJHOTO MOBITPSHOIO TOTOKY )/ TPHAMAEMO CTAIMM i CHPSAMOBAHHM
B3JIOBXK CTIHOK KaHajy. TpaekTOpil0 MOJBOTY YACTHHOK PO3IJITHEMO B MOBEPHYTIH Ha KyT
o IPSIMOKYTHIH CHCT€MI KOOpPAMHAT XOy, HaBeleHid Ha puc 1. B mifi cucremi koopawHaT
NPOEKLIi TPAEKTOPIi pyXy YACTUHOK € PO3B’sI3KaMU AU(EPEHLIHHIX PIBHSHB!



¥—k(V -%)V %) +)° =—gsing; "
V—kpJ(V —%)* +y° = gcosa,

ne k — koeQilieHT BITPUIBHOCTI YaCTHHOK,;
g - TPUCKOPEHHs BIIBHOTO MaiHHS, Kpamka HaJ CHMBOJOM BHU3HAYA€E IMOXIAHY 3a
4acoM 1.

Pucysok 1 - PozpaxyHkoBa cxema

ITouatkoBi ymoBu 10 cucremu (1) mpuiiMaemMo:

#0)=8; 7(0)=8,; x(0)=0; ¥(0)=0, )

ne 9 1 8, — npoekwii NOYaTKOBOI CKJIAJ0BOI IMIBUAKOCTI YACTUHKU HA OCl OX Ta 0y,
BIATOBITHO.

JUis OTpUMaHHS aHAJITHYHOTO PO3B’si3Ky 3amaui Komr cnpocTuM BUXiAHI PIBHSHHS
(D).

JUis MHEBMATUYHOTO KaHANy B IKOro ) <<} —Xx, cucremy piBHsHb (1) 3anmimemo y
BUTJISAL

¥—k(V -%) =-gsina;
V+kp(V —x)=gcosa.

Ilepwe piBHsSHHS cuctemu (3) He Mictuth ) 1 y. Horo iHTerpyBaHHs IpH
MOYaTKOBUX YMOBax (2), mae:

€)

. exp(2k9't) +c

x(t)=V -9 . ;
exp(2k9t)—c

(4)
exp(2k9't)—c

x 1
Hn=G+9)rt-—-1
X =+ 87) 1= In =

) (5)
ne 8 = Jgnalk c= (-89 -8+8)"



BpaxoByroun HeBenHKi 3Ha4YeHHS « (3a TOCTAHOBKOK) 3aj4advi), CHIPOCTUMO Ipyre
piBHSHHA cucteMu (3), TIACTABISAOYH B HBOrO 3aMictb (4) Oumblr  mpocTimmid
AIPOKCUMYIOUUI BUPaA3

V-39

x(1)= V—m.

B pesynbprari Takoro nepeTBOPEHHS, IHTErpajd 3 BpaxyBaHHAM (2), 3amUIIEMO Y
BUTJISIL

10 ;)‘l{gz . gcoso{l +§(V_ 191).,2};

Tk -8,

W0)- k(Vl—Sl){gz . 25(;03)}11[1%@_gl).z]+

1 1 4
+= M ——+—| 6
2gcosoz {k(V—Sl) 2} (6)

[{o6 3HaiiTH Yac mepenbOTy YaCTHHKHU Bil BEPXHBOI CTIHKM KaHAJTy 0 HIDKHBOI, A€
pO3TaIIOBaHI MPUHMaYl MPOAYKTIB PO3AUICHHS, HEOOXITHO PO3B’SI3aTH PIBHSHHS:

y(r)=h, (7)

B SIKOMY JIiBa YaCTHHA BU3HAYAETHCS BUPa3oM (6).

Jns mporo 3anummemo (7) y BT

Alnz* + Bz =h+B, (8)
1 gcosa
A=—r——|V, ———— |
e 2k(V—191){ : 2k(V—191)}
__ gcosa
4V -8
z=1+k(V - 9)-t

I3 ocTaHHBOTO BUpPa3y BUXOAUTD, IO

z—1

t:k(V—lgl)’

TOMY, 3HalOUU Z , MOYKHA BU3HAUUTH .

IIpu Bu3HaueHH! z , OyaeMO PO3rIsIIaTH TPU BUTIAIKH.

1. B piBasiani (8) A=0. Toni
z= 1/1+£.
B

2. Sxmo B pisusiagi (8) A > 0, To fioro MoxHa nepeTBOpUTH 10 BHIY



, ©)

h+B B
+In—

A A

ne C =

Po3p’si30k piBHSHHS (9) BupaxaeTbecs dyepe3 (ynkuiro Jlambepra W(f) [7, 8] 1 mae

2
BUTJISA; %:W(ec)z z= %W(ec).
3. Sxwmo B piBHsAHHI (8) A <0, TO BOHO 3BOAUTHCS 10 BUPA3Y:
Bz* Bz’
n——-———=-d, (10)
4 14
B SIKOMY
Je h+B n E
44

Po3sp’si30k piBHsAHHS (10) Takox 3anucyeThes yepes pynkuiro Jlambepra y Burmsai:
A
z= EW(—ed). (11)

TakuMm YHMHOM, &SI PO3PaxXyHKY JIaJbHOCTI IOJBOTY YACTUHKU B3IOBXK KaHAIY
noTPiOHO BHU3HAYMTH Z, IOTIM t Ta MACTaBUTH Horo y Gopmyny (5).

TpaguuiiHO Ha TPaKTUIIl BUXIIHI 3HAYEHHS mapamerpiB Taki, mo A<0 1 z
MPUXOIUThCS BU3HauUaTH 3a (opmynoro (11), Todro maemo crpaBy 3 ¢yHkuiero Jlambepra
Bi’€MHOrO apryMeHTy. B 1ipoMy Bumaaky ii 3HaU€HHS MOJKHA BU3HAYUTH METOJIOM JIiHIHHOI
iHTepnoALii 3a Tabnuuero 1, HaBeneHid B MoHorpadii [9, ¢. 181], sky mpuBOIUMO HUXKYE.

3a BUKIQJICHOIO TEOPIED TPOBEIH PO3PAXYHOK MIHIMAIBHOI 1 MaKCHMAJIbHOI
JabHOCTI MOJIBOTY 3€PHA MIIEHUIIl O KaHaJy 3 apaMeTpPaMH:
o =20";h=03m npu pi3Hux J .
I'pannuHi 3HaueHHs Koe(ilieHTa BITPUIBHOCTI BU3HAYHIIHN 32 (POPMYJIIO0

_ &
k = ?’
ne 9, - MBUAKICTb BUTAHHS YaCTUHKHU.
Bpaxosyrouu o [10] min 9, =8 5u/c, max 4, =11,5m/ ¢ 3Hax0auMO

k,=mink=0,074m"; k, =max k =0,136m ",

PosrnsitHeMo criouaTKy BUMAAOK, KOJIHM YaCcTOYKA HAJAXOIUTH IO KaHATY 3 HOJBOBOIO
NOYaTKOBOIK MIBUAKICTIO, TOOTO ¥ =9, =0 Po3paxoBaHi A1 HBOrO 3HAYEHHS MapaMeTpiB
npu k =k, 3Beneni B Tabn. 2, anpu k =k, — B Tabn. 3 B SIKMX 1OJATKOBO HABENEHI 3HAYECHHS
Ax = max x — min x.



Tabmuus 1 — 3navenns ¢pyHkuii JlamOepTa Bil’eMHOTO apryMeHTY:

F(g)=-10'W (&)

10 FQ© 10 [F© 10, [FQ© 10, [FQ©
10°/e 10000 345 14024 225 23432 105 35092
367.,5 10461 340 14512 220 23821 100 35772
367 10708 335 14973 215 24215 95 36481
366 11047 330 15413 210 24614 90 37223
365 11307 325 15837 205 25017 85 38001
364 11528 320 16248 200 25426 80 38821
363 11724 315 16650 195 25842 75 39687
362 11904 310 17044 190 26263 70 40606
361 12071 305 17431 185 26692 65 41585
360 12228 300 17813 180 27128 60 42635
359 12376 295 18191 175 27572 55 43767
358 12518 290 18566 170 28025 50 44998
357 12654 285 18939 165 28487 45 46347
356 12785 280 19310 160 28959 40 47842
355 12912 275 19680 155 29442 35 49522
354 13035 270 20050 150 29936 30 51445
353 13155 265 20419 145 30443 25 53696
352 13272 260 20789 140 30963 20 56423
351 13386 255 21160 135 31498 15 59898
350 13497 250 21533 130 32049 10 64728
349 13606 245 21907 125 32617 5 72840
348 13713 240 22284 120 33203 0 0

347 13819 235 22663 115 33810

346 13922 230 23046 110 34439

Pospaxynku migTBepauiaH, mo 13 30UIbIIEHHSM [MBUAKOCTI TMOBITPSIHOTO TIOTOKY
301IBIIyeThCST mMaxx Ta Ax, X0d4 iX CIIBBIJHOLICHHS 3aJUINAETBCA MAaMKe CTaJNM.
3aneKHICTh JANIbHOCTI OJBOTY YaCTHHOK BiJl IIBUAKOCTI MOBITPSHOTO MOTOKY } HeniHIfHA.

Tabnunst 2 — 3HaueHHs napamerpiB npu k =4k, , B=—-A4

W(-e¥)

V., m/c A M d t, C min x, M
11 3,478 1,086 1,474 0,263 0,169
14 2,147 1,140 1,625 0,265 0,331
17 ~1,456 1,206 1,781 0,267 0,526
20 -1,052 1,285 -1,956 0,269 0,753
Tabnuns 3 — 3HaueHHs napameTpiB npu k=k,, B=—-A4

V, m/c A M d W(-e) t, C maxx, M | Ax, M
11 -1,030 1,291 -1,968 0,269 0,205 0,205
14 20,636 1,472 22,309 0,273 0317 0317
17 20,431 1,696 22,683 0,276 0,443 0,443
20 0311 1,965 23,096 0,279 0,582 0,582




Jins 3’sicyBaHHs BIUTMBY NOYATKOBOI MIBUAKOCTI HAIXO/KEHHSI YaCTUHOK B KaHAJ Ha
napaMeTpu iX pyxXy BUKOHaHI po3paxyHku npu 9 =—0,182x/c; 3, =0,5u/c (BepTuKambHUil
PYX IOHU3Y) Ta MOMEPENHIX BUXITHUX JaHUX.

PesynbraTn po3paxyHkiB HaBeneHi B TaOMUIIX 4 1 5.

Tabnuus 4 ckiageHa Npu po3paxyHKax minx,a TaONuLs S5 Mpu po3paxyHKaxX max X .

TyT, Ha BiIMIHY B MOMEPEIHBOTO BUNANKY, B #—A .

Tabnunst 4 — 3HavuenEA minx pu k =k, B# -4

V, m/c A M B, m d W(-e¥) t,C min x , M
11 23,064 3,366 1,102 1,522 0,214 0,082
14 ~1,840 2.078 1,178 ~1,704 0,218 0,198
17 1213 1,410 1,259 -1,902 0,220 0,338
20 20,851 1,018 1,370 2,123 0,222 0,502

Tabnunst S — 3HaueHHs max x npu k =k,, B#—A4

V, m/c A M B, m d W(-e'd) t,C maxx.,M | Ax, m
11 -0,832 0,997 1,378 2,138 0,221 0,233 0,151
14 -0,485 0,615 1,649 2,607 0,225 0,432 0,234
17 0,310 0,417 2,016 3,470 0,229 0,674 0,336
20 0,210 0,301 2,502 -3.851 0,233 0,957 0,455

IIpn BepTHKaNbHIN MOYATKOBIA LMIBUAKOCTI YAaCTHHKH, piBHIA 0,532 M/c, 3MEHIIMBCS
4ac Pyxy B3AOBXK KaHajy, a TaKOX 3MEHIIWINCh minx, maxxy Ta Ax. HasBHICTB
MOTIEPEYHOI CKJIAI0BOI TOYAaTKOBOI MIBUAKOCTI 4, MOTIPMINIIO NOAUTAIOYY 34aTHICTh KaHAITY.

Jins BU3HAUEHHS MOXUOKM OTPUMAHMX HAONMIKEHUX (OPMyJT BHKOHAHE YHCIIOBE
iHTerpyBanus cuctemu (1) mpu mouaTkoBux ymoBax (2). PesymbraTu iHTerpyBaHHs AJis
HaBEIEHUX paHillle 3HA4YeHb t Ta IHIINUX MapaMeTpiB HaBeAeH] B Ta0u. 0.

ITopiBHSAHHS pe3yNbTaTIB PO3PAXyHKIB IMMOKAa3ye BHUCOKY CTYIIHb BiAMOBIIHOCTI
PEe3yJbTaTIiB OTPUMAHHX 32 JOMIOMOTOK0 PO3PaXyHKOBHUX (POPMYJI Ta YHCIOBOTO 1HTEIPYBAaHHS
BUXIJHUX PIBHSHB IIO MIATBEPAXKYE MOKIIMBICTD BBEICHHS 3aIPOTIOHOBAHUX CIPOIIEHb.

Tabnuus 6 — Pe3ynbpraTi 4MCIOBOTO po3B 3Ky 3amadi Komi

V, m/c 9 =0,9,=0 9 =-0,182m/c, 3, =0,5m/c

min x, M max x, M Ax, ™ min x, M max x, M Ax, ™
11 0,170 0,376 0,206 0,083 0,234 0,151
14 0,332 0,650 0,318 0,199 0,434 0,235
17 0,527 0,970 0,443 0,339 0,676 0,337
20 0,754 1,337 0,583 0,,503 0,959 0,456

BucnoBkn. Ilpn HeBenMKHMX KyTax HAXWIy TOBITPSHOTO KaHAY PO3PaxyHOK
OamiCTUYHUX MapaMeTpiB YaCTUHOK, B TOMY YHCHI 1 MOAUIAIOYMY 3[aTHICTh KaHAIY , MOXKHA
NPOBOJUTH 32 JOMIOMOTOK) OTPUMAHHX KOMIIAKTHHX (OPMYJ, BUKOPHCTOBYIOUH TaOIHUIIO
¢bynkuii JlamGepTa.
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M. Baxym, B. Onvwanckuii, M. Kpexom
Hccnenopanne TBIKEHAA TACTUI B KBA3NTOPU30HTATILHOM TLIOCKOM KAHAJIC TTHEBMATHIECKIX
cenapaTopoB

Bcrneacreue aHAMUTHYECKOTO PEIICHHS YIIPOIICHHBIX HEIMHCHHBIX YPABHCHUH IBIKCHHS JaCTHIBI B
OJHOPOJHOM BO3AYIIHOM ITOTOKE MOJYYCHBI (POPMYIBI I PACUCTOB CKOPOCTH M TPACKTOPHHM HX IONCTA B
IUIOCKOM KaHAJe ¢ MajlbIM YIJIOM HAKJIOHA K rOpH30HTY. OIpeacicHUE AANbHOCTH IIOJETA YACTHUILl B KaHAJC
33JAHHOH BBICOTHL, A TAKXKE Cr0 PA3ICILIOUICH BO3MOMKHOCTH 34 IPEACIBHBIM 3HAUYCHHEM KO3(pQHIUCHTA
MAPYCHOCTH CEMSIH, CBECH K HCIIOIb30BAHMIO TaOIHIBI cricianbHON QyHkumu Jlambepra.

M. Bakum, V. Ol’shanskiy, M. Krekot
The research of particle motion in quasi-horizontal flat channel of pneumatic separators

In the investigation of analytical decision of the simplified nonlinear evening of particle motion in the
homogeneous current of air the got formulas for computations of speed and trajectory of their flight in a flat
channel with the small angle of slope to horizont. The determination of particle flight distance in the channel of
decision height, and also his dividing possibility after the maximum value of coefficient of the air current seed,
Lambert is taken to the use of table of the special function.
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