M3BECTHYI
TOMCKOro OPAEHA TPYAOBOIO KPACHOI'O 3HAMEHH TMOJIUTEXHHUYECKOTI G
HHCTHUTYTA umenn C. M. KUPOBA

Tom 118 ‘ 196;3_

IMIIUPUYECKHUE $OPMYJIbl, BbIPA)KAIOLWKE JABJIEHHE
MNOTOKA BO3AYXA HA NPOBOJIOKY OTBECA YEPE3 CKOPOCTH
ABMKEHHUS BO3AYXA U JUAMETP NNPOBOJIOKH

r. ¢. JIBICOB
i
(Mpeacrapaeno nayuiniy cesunapost Kadeap Mapsmiceil lepexoro jqedd 0 reojesin)

Japiende HOTOKd BO3AYXd Ha HPOBOJMOKY OTBeCa 1IPH OPHEHTHPOBA-
HHH AXTH onpeeasercs no caeaviomeil dopmyae (1,67):

p = cgs, (1)

e p — J4BJACHHC 1IOTOKA BO3AVXA B Ke/M HA CAMHHILY 1AHHBL TPOBOJOKH,
¢ - HeKOTOPLfl Ko3HIHeHT,
¢ - IMHAMHUYCCKOE Jarjelne MHOTOKa BO3jAyXa B Ko 87 HA EIUHHILY
II0I0AAH MJAOCKON IAACTHHKH,
$ — ILIOILA/ b B 127 TaK Ha3bIBAEMOrO ,MHAEJEBOIO" CCUYEHHS TeJa,T. e,
€ro HpOeKIHH HA ILIOCKOCTL, NePHeHJUKVASIDHYIO HANparJAeHHIO
JIBHKEHHS ITOTOKA BO3AVXA.
Kosduuuent ¢ dopmyas (1) onpeaeasior Ho CheulaibHOMY Tpadii-
Ky (1,68) kax QyvHKmuio ot kpurepus PefiHoabaca R, 3iauenne KOTOPOIo
HAXOJSAT U3 BbIPAMKEHHS:

Re — = (2)

rjie [iM,I_LHaMETp IIpOBOJIOKK OTBeCa B cCM,

U — CKODPOCTH MOTOKA BO3AyXa B CM/cex,

f — KHHeMaTHueckas BA3KOCTbL BO3BYXa B cM/cer,

Benuuuna KuHeMaTHYeCKo# BS3KOCTH f 3aBUCHT, B OCHOBHOM, OT T€M-
nepaTypel Bosavxa. Mepkcom (Maerx), 1ccae0BaBUINM 3TOT BOIPOC, AaH
rpacuk (1,68) nas onpeneseHuss KHHeMATHUECKO BA3KOCTH B 3aBHCIIMO-
CTH OT TeMheparypbl po3ayxa. kI3 atoro rpagura caenyer, 4To HpH H3-
MEHEeHHH TeMmmeparypnt Bo3avxa B npegeaax ot 0 go 10° kuuemarnyecxas
BA3KOCThL Menger cpoe snauenue ot 0,140 go 0,146 cam?/cex, T. e. BechbMa
He3HauuTeJbHO. llosToMy BHIOAHE OOOCHOBAHO NIPH pacyeTax PEKOMEHLY-
ercst (1,68) cuntaTh KHHEMATHUECKVIO BA3KOCTh NMOCTOSIHHON M paBHOR 1/7.

JlMHaMHueckoe gaBjedue [0TOKA BO3JAVXa ¢ BHIUHCAAIOT 10 dopmyne:

~r

[} -2 ‘
q g ‘U" (xj)
2g
rae: 7= 1,296  Bec | w* Boznavxa B K¢,
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g = 9,81 — yCKOpeHHEe CHUJbl TSXKECTI B M CEK:

fu—cxopocw) NOTOKa BO3NyXa B Mlcer.

[laomwaab ,MUAEIEBOrO" CEUEeHHS S QIHOTO [OrOHHOIO MeTpd IIPOBO-
JOKH OTBeca olpeieasior no gopmyJae:

=d-1m=d, (4)

rie d — nHaMeTp TPOBOJOKH OTBeCa B 4.

AHHJIHSI/Ipyﬂ dopmyant (1), (2), (3), (4), MO¥kHO cCKa3aTb, UYTO IIPH
NOCTOSIHHOH KHHEMATHUYECKOIl BfA3KOCTH BeJHYMHA p siBAseTcd (PyHKUHed
OT CKOPOCTH IIOTOKA BO3AYXa U W JuaMeTpa HpoBoJoku orteeca d. C 1eabio
VCTAHOBJEHHA (PYHKUMOHAIBHOH 3aBUCHMOCTH P OT ¥ M d MBI MOJCYHTAJN
paj SHauYeHHH p (B I/mor. M) IO NPUBEAEHHBIM BHIue GopMyJaam, H3Me-
HAd BeJaduuHbB ¥ B npepesax or 0,1 no 5,0 m-cex uepes 0,3 — 0,2 x/cex
u d — B npegeaax ot 0,5 no 3,0 s uepes 0,5 mu. Pesgyabratel nojcue-
Ta npeacrariaedsl B taba. 1.

‘ Ta6aununa 1

AN | }
N L.
‘, 0,5 ; 1,0 ; 1,5 2,0 2.5 3,0
0,1 0,0014 0,00195 0, 0026 0,0033 0,0041 0,0047
0.3 0,0064 0,0112 0,0154 | 00,0197 © 10,0250 40,0295
0,5 0,0155 0,0270 10,0390 0,0505 0,0625 0,0735
0,7 0,0280 0,0490 0,0700 0,0910 0,1120 0,1320
1,0 0,0535 0,0930 0,1320 0,1720 0,2120 0,2510
1,3 0,0840 0,1485 0,2120 0,2750 0,3390 0,4010
1.5 0,1050 0,1880 0,2700 0,3500 0,4300 0,5100
1,7 0,1400 0,2370 0, 3400 0,4400 0,5500 0,6300
2,0 0,1800 0,3180 0,4600 0,6000 0,7300 | 0,8600
2,3 0,2300 0,4060 00,5800 0,7500 0,9200 1,1000
2.5 0,270 0,468 0,670 0,870 1,070 1,270
2,7 0,310 0,538 0,770 1,000 ‘ 1,230 1,460
3,0 0,385 0,670 0,950 1,240 1,530 1,820
3,3 0,446 0,776 1,102 1,432 1,763 2,106
3,5 0,490 0,841 1,209 1,570 1,941 2,290
3,7 0,548 0,957 1,368 1,777 2,188 2,598
4.0 0,670 1,169 1,660 2,160 2,670 3,170
4,3 0,740 1,300 1,860 2,410 2,970 3,530
4.5 0,800 1,376 1,952 2,550 3,150 3,750
4.7 0,850 1,513 2,150 2,790 3,440 4,090
5.0 (0,926 1,609 2,290 3,000 3,700 4,400

MMpumeuanne 3Hauenus p B 1abn. 1 ykaszaub B 2/noe. .

Vlcnoab3ys naHHbie TabJg. 1, MBI MOCTPOMJAH Psif rPaduKOB 3aBUCHMO-
CTH P OT BeJHYMHB AHAMETPA NPOBOJOKU d NPH OCTOSHHBIX CKOPOCTSIX
noroka Bo3ayxa @ {puc. 1). PaccmarpuBasi puc. 1, MOXHO CZesaTh BLIBOI
0 TOM, 4TO IIPH NOCTOSIHHOM 3Ha4YeHUH ¥ B npepetax ot 1,0 no 5,0 mjcex
3aBHCHMOCTb B@JHUHHEI p OT IHAMETPa NPOBOJOKMU OTBeca d HMeeT Mpsi-
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MoauHenHbpld xapaxkrep. Takns ke o0pasoM nasnee OblJI ILOCTPOEH PA Ipa-
(PUKOB 3aBHCHMOCTH BEAMYHHBI / OT CKOPOCTH MOTOKA BO3AyXa T IPH HO-
CTOSIHHLIX JIHAMETPAX IPOBOJAOKKH OTBecOB B mpegesdax ot 0,56 no 3,0 ma.
PaccmarpuBas rpauki, H300paxKeHHBIE HA PHC. 2, MOXHO CH@JaTh BHIBOJ,
UYTO B 3TOM CJy4de 3aBHCHMOCTb p OT U OVAeT KPHBOJIMHEHHOH, TOouHee
— 1apaboJ/HuecKof.

Taxum 00pasom, NPeACTaBAsAeTCss BO3MOXKHBIM BHPA3UThL JTaBJeHHE BO3-
LyXa Ha I[POBOJOKY OTBECd HENOCPeACTBEHHO aHANHTHYECKH Yepe3 CKO-
pPOCTh ABHXXEHHSI BO3JAYyXa M /uaMeTp IMPOBOJOKH B BUAE OJHOTO Ml
HECKOJIbKHX 3MIHPHYECKHX BbIPAKEHHH CJAEAVIONETO CTPOEHHS :

p o= xdvy, (5)
P oxdoy 43, (6)
p o {xd 4 z) v, (7
p={xd+2)vv- <. (8)

M3 npuBeseHHHX IMOHPHUECKHX (QOPMYJA 3aBHCUMOCTH p OT U W d
Hanbosee MOAXOASIUMM C TOUYKH 3peHHsi (PH3HUECKOIO CMbICJIA sBJAAETCH
BblDaXKeHHE BHAA (D), NPH KOTOPOM 3HAUYCHHE P NOJAY4aeTCs pABHBIM HY-
a0, Korga v uau d paBusl Hyao. OJHaKo, VUHTBIBas sMIOHpuueckull xa-
paKTep NPeACTaBJICHHBIX (OPMYJ H TO, UTO Ha CAMOM JeJe, BEePOATHO,
3aBUCHMOCTL P OT U M d npeicTasadeTcs 0o/ee CI0KHOH QyHKINEH, HYHK-
HO ObLTO OB HCCaeIOBaTh TaKkke GopmyJasl (6), (7), (8) # 1o peayabraTam 3THX
MCCAE0BAHUI CAEIATh COOTBETCTBYIOIHE BBHIBOMRBIL.

Onpenenenne nmapamerpoB X 1 ¥ QOPMYJB! (5) MBI IPOU3BEH ABAM b
IO CIOCOO0Y HaHMEHBHIMX KBaApParOB (MeTOJOM HOCPEACTBEHHHIX Hab.I0-
LEHHH), T. €. ¢ coOMoienieM yCa0BU:

a) [z¢] = min,

(9)

6) [Pee] = min,
r1e - OTKJIOHEHHE MOACUMTAHHON 1O yCTaHOBJIEHHOH dopmy.ae (5) Beau-
YHHBL 2 OT COOTBETCTBYIOWErO 3HAayeHHsl 3TOH BeJHUHHBI, 3aHK-
cupoBaHuoro B tadJa. 1;
P - Beca, BBOIUMBIE C LE/BIO [10.1YUCHHs IMIMPHUECKO GopMyasl (D),

B paBHOH CTENEHH NMPUrOAHOA A/ ONPEeJe/IeHHs] BEJHYHHBL p IPH
60JBUINX H Ma/JbIX 3HAYEHHSAX ¥ H d.

B nepBom Ciyuae Mbl TOJXKHB OBLIM PEHIUTH CHCTEMY JBYX HOPMAaab-
HBIX YPaBHEHHUH CA€AYIOLIETO BUJAA:

lgvlgo]y -+ [lgvllgx — [lgv(lgp — lgd)] =0, (10)
ligo|y i nigx—[(lgp—Ilgd)| =0, ’

rAe n — yyucao BCeX 3HayeHdd p B tadJga. 1.
OnycruB AOBOALHO IPOMO3JKHE BLIUHCJAEHHs, HPHBEAEM OKOHUATeJb-
Hble PEe3yJbTaThl M0 olipejeaeHHo (hopMyabl BHAA (D) MepBBIM CHOCOOOM:

p = 0,0929 dv'™, (11)
Bo BropoM cayuae mnpenBapHTeAbHO OlpeaeasanCh Beca ,Habm0ne-

HAR® Mo maHHeIM Tabsa. 1 ¢ yueroM ITOPSAKOB NEPBHIX 3HAYAUIHX LMD
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3HaYeHWHA p (Beca yCTaHaB/AMBaJAHCh OOPATHO HPOHOPILUOHAALHLIMH TOPHL-

Ky nepBol 3navameidl uudph siadenui p rtada. 1). Jlanee pemraauch j1sa
HOPMAJIbHLIX YDaBHEHHA BHJA:

|Plgvlgo]y -+ [Plgo]lgx —[Plge(lgp - 1gd)] =0,
(12)
[Plgo] y -+ [Pllgx — [P(lgp —igd] =0.

OnycTuB BCe BHIUHCJAEHHS, NMPHBELEM OKOHUATe/JbHble Pe3y./abTaThi 1a-
X0 JeHUus (HOpPMYyaB (5) BTOPBIM CHOCOOOM:

p = 0,0947 dov'-"H (13)

Onpenenende napamMerpos x, v, z, ¢, dopmya (6), (7), (8) npousso-
JUIOCHL B CJeAYIOIeM HOpsiKe.
BenwuuHa x HaxoAWAACh TNYTEM peIIEHUS HOPMAJBHOIO YPABHEHUH:

[(di - d0)2] Xo— [(di o do)(pi - p())] =0, (14)

JJd noacueTta xko3@@QUIHEHTOB KOTOPOTO HCIOAB30BAIUCh JAHHBIE CTPOKH
v =10 M/cex Taba. 1. 31eCb x, — ypPaBHEHHOE 3HAUEHHC BEJHYHHBI X,
Po — 3HaueHne BeJaHuHHbl p NpU U, pasuoit 1,0 sjcex, u dy, pasuom 0,5 s,
B pesyabrare nojcuera ObJO NOJAYUEHO 3HAauUeHHE X,, paBHoe 0,0790.

Tlapamerp y dopuya (6), (7), (8) naxomuacs nyTem pellEHHS HOP-
Ma/JbHOI'0 YDaBHEHHS:

| Pi—= 1o
lgvplgo — |levgp | lg = 0, 15
[lg v lg vp| yo — [l2 k(bxv(di’do)” (15)

rjie Y, — YPaBHEHUOE 3HAauCHUEe BCJAUYHUHBL Y,
Up — CKOpocTH 1oToka Bosdayxa ot 0,1 go 5,0 #'cex, 3aduxcuponaH-
Hele B 1abda. 1,
p;— 3HAYEHHUS] p I[IPH CKOPOCTH Up M JHaMeTpe oTBeca d;, PaBHOM
3,0 aa, :
Po— 3HAYEHIE P TNPH CKOPOCTH ¥Up U auamerpe orseca d,, paBHOM
0,5 am.
B pesyabrare mojacuera napaMerp Y, okasascs paBueim 1,790.
Y paBHeHHOe 3HauexHHe BCJIHYHHBI 2, Gopmya (7) u (8) onpemeasiocs
pelleHHeM HOPMaabHOILO YPABHCHHSA:

o[ (B0 ) 5] o e
Uy — R—1

I&e /1 — 4uCa0 ugaenoB croadua d == 1,0 ma tada. 1 Ges oanoro (n=20)
Pr, Dp—1— 3Hauenus p croabua & = 1,0 um tada. 1.

Beauuuna z, okazasaace paenoit 0,0133.

3HaueHHe ¢, ypaBHeHUll (6) H (8) HAXOAUIOCHL MYTE€M PEIUEHHS HOP-
MaJIbHLIX ypaBHeHHH:

a) aasi popmyas (6):
n o, —|p; — xodiv¥] =0, (17)

rae p;d; — 3nauenus p u d crpoku v = 0,1 wu/cex taba. 1.
6) aas opmyan (8):
noo— [pi — (xod; +25) 0] =0 (18)

PemmB ypasHenust (17) u (18), Mpt noayuuau:
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a) nas popmyawr (6): ¢, = 0,0007,
6) aas ¢opmyast (7): ¢, = 0,0005.

TakuMm o0pasom, 3aBUCHMOCTB p (B 2/#) oT U (B Micex) u d (B Mm
MOXeT ObITh NIpPeICTaBl1eHa TaKxke QopMyaamu:

p = 0,079 do'"™ - 0,0007, (19)
P = (0,079 d -+ 0,0133) w17 (20)
p = (0,079 d - 0,0133) 21790 4 0,0005. (21)

Janee Opl npousBefeH aHAJAM3 YCTAHOBJAEHHHIX 3IMIHpHUECKUX (HOP-
MYJ CBfI3H JlaB/I€HHs IIOTOKA BO3AYyXa Ha NMPOBOJOKY OTBECA CO CKOPOCTBIO
ABHMEHHS BO3AYXA M JAHAMETPOM IIPOBOJOKH. Pe3yapraTel 3TOH padoTw
npencrapaeHs B Tabua. 2,

B bIBO 1bi

L.Ilpn onpepenenun BeqHYHHBI p HET HAAOOGHOCTH MUCHOJB30BATH (HOP-
myaet (1), (2), (3), (4) u MeTopuky, onucannylo BbIIe, TaK KaK 3HAUe-
HHE p C JOCTATOYHOH TOYHOCTBIO MOXET HAXOJMTHCH HENOCPEACTBEHHO,
KaK (DyHKIHA 3aJdaHHHX ¥ ¥ d.

2. Y craHoB/ACHBl 3MIHPHUECKHe (GOPMYJILL CBA3H JaBJeHus OTOKA BO3-
AYXa Ha OPOBOJIOKY OTBE€CAa CO CKOPOCTBIO JIBHXKEHHA BO3JAyXa H JgHamer-

pOM TMPOBOJIOKH.
3. HanGosee TOURON jJst BRIPAXKEHHST YKA3AHHOMH CBA3H siBasieTcss Gop-

Myja (21), nosBoIAIOLAS NOACUHTHIBATL 3HAUEHHS P C TNOTPENIHOCTHIO HE

Gosee 6%.
4. JloCcTatounylo A TeXHHUECKHX uesell TOUHOCTL AAKOT Taikxke Pop-

mydabl (20) # (13), Mo KOTOpHIM 3HAUEHHE P HOACUHTHIBAETCH ¢ OLIHOKOI]
COOTBETCTBEHHO He Oosee 109% u 20%.
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