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SHEPTETHYECKHAE ITAPAMETPBI KOPOTKHX SPJIN®TOB

| Manees B.b., xaung. T€XH. HAYK, [01L.,
MansmreH C.C., kaHa. TeXH. Hayk, qou., Xomnoma A.C., acriupaHT,
JToHEIKHIi TOCYAaPCTBEHHBIN TEXHUYECKUH YHUBEPCUTET

Ha OcCHOBaHMM 6aJaHca MOI[HOCTH, OTHOCHTENBHOrO K 1 M/c
TPAHCTIOPTHPYEMOM HKMAKOCTH KOPOTKHAM SPIHQTOM, HOTYICHBI CUCTEMBI
YpaBHCHUH IS ONMPEEICHHU BHYTPEHHETO JIHaMeTpa NOJbeMHOi TpyOs!
i nofaud 3pMU(THOH YCTaHOBKM NPH PasIMYHEIX F€OMETPUYECKHX HO-
IPY:KEHHAX CMECHTEIIS

B xopoTkux spaudrax ¢ KBagpaTHHEIM CEYEHUEM ITOABEMHON TpyOb!
OICYTCTBYET BPAILATENILHOE JBMIKEHHME ra30KHAKOCTHOMH cmecu [1]. JlBu-
JKEHHE JKE €€ BePTHUKAIBHO BBEPX OCYIIECTBIIAETCS 3a CYET DHEPIMH pac-
IMPEHNs BBOOUMOTO B TpyOy cikaToro Bosayxa. Ilpm 9ToM nomaBoauMeli
ra3 paclIMpsAETCsi OT AAaBICHMA NEPE] CMECUTENEM [0 JaBICHHUs B ra300T-
IenuTene.

IloHbIe 3aTPaThl MOIHOCTH HA MOALEM | M’/C SKHJIKOCTH B SpiHTe
MOKHO OIPEIEIHTH 110 3aBHCHMOCTH:

N =pq ln(l + Ei—h} (1)

IJie p — JaBlIEHHE HAa BBIXOJE M3 NMOMBEMHOM TpyOEI, OJIHM3KOE K at-
MochepHOMY Da , I1a; h — ryOuEa morpyskeHus CMECHTEII SpaHPTa, M.

3Ta SHEPrHs PacXoAyeTcs B ABMXKYIIEMCSA B BOCXO/IAIIEM HallpaBiie-
HHH Ta305KM/IKOCTHOM IIOTOKE Ha Pa3roH JXHIKOCTHOM (a3el N, , Ha npe-
OJOJICHME MMAPABIMYECKOTO CONPOTHBICHHS NOXBEMHOH TPyOBl Ny, , Ha
IPEOACICHHE THAPABIMYECKHX CONPOTHBICHUH cMecuTeNs Ny U ra3oot-
pemarenst Ny, Ha OTHOCHTENBHOE ABmkeHHe (a3 N, a Talke Ha MoABEM
KUIKOCTH C HIDKHEro ypoBHS Ha BepxHHM Ny. V3 Bcex nepedHCiICHHBIX
SHEPTHIA TOJBKO 3aTPATHl HAa MOJBEM JKHAKOCTH OymyT MOJE3HBIMH, OC-
TaNbHEIE OTHOCATCS K MOTEPSM.

C yderoM BBINECKA3aHHOIO, ypaBHEHHE OaaHca MOUIHOCTH, OTHE-
CeHHOTO K 1 M’/c TpaHCHOPTHPYEMOH HAKOCTH, MOXKHO 3amUCaTh B Clle-
AYIOIIEM BHIE:

N = Np.+ N, + Ny + Ny + Nor + No (2)
: Kak Mokasajd MHOTOYUCIICHHEBIE MCCIENOBAHUA KOPOTKHX OpJHd-
TOB, mposenesHsle panee Hamu B J(IIM, morepr MOIIHOCTH Ha pasroH
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KUJKOH (asbl COCTABIAIOT He Gonee 3%, a Ha NPEONO/ICHHE THAPAB/HYe-
CKOr'0 CONPOTHUBIEHHsS NOALEMHOU TpPYDOBI- He Gonee 2% oT zalpatmnag-
MoH. [To3aTOMYy MX MOXXHO HUCKIIOUMTH M3 ypaBHenus (1) ¢ J0ocTaATOYHOE
TOYHOCTBIO U1 noacderos. Torga ypasHenue Oaanca MOITHOCTH I{Dpur.
KOro 3pnudyra NpUMeT CAENYIOLHH BHLI:
N = Nn-+ Ncm - Ncrr S Nn (3}

Bce Bupl 3aTpaT MOLMHOCTH, KPOME 3aTpaT Ha OTHOCHTEJILHOE [BH-
KeHue (a3, UMEIOT MECTO TaKIKE IPH JBUIKEHHH OJHOPOIHEBIX HKUIKOCTEl
 Ta30B. [To3TOMY X MOMHO OMPENENHTE IO W3BECTHHIM 3aBHCHMOCTSM,
YYHTEIBasi CXKMMaeMOCTh M pasHo(asHOCTs. [1one3H0i MONHOCTEIO B 3p-
nu(Te, KaK U B JIIOOOM JPYroM BHJIE HACOCOB, Oy/NEM CIHUTATh TY, KOTOpas
HEOOXOAMMa Ul TOJHATHA XKUIKOCTH C OTMETKH ¢ CBOOOJHOM HOBEpX-
HOCTH B OTKaYMBAaE€MON €MKOCTH Ha OTMETKH BEPXHETO KOHIA HOABEMHOI
TpyOBI, PacIoaaraeMoro B ra3o0TAeNUTeNe. B COOTBEICTBHM C HTHM I0-
Jie3Hasi MONIHOCTb, 3aTpadnBaeMas Ha MOTbeM 1 M/C SKHIKOCTH, oIpene-
JIAE€TCA 110 CIIEAYIOIIEH 3aBUCHMOCTH

l-a
Ny =p-gH= p-g-h-—a—, , @

rJe p - INOTHOCTH MOJHAMAEMO#H JKATKOCTH, KI/M X

g — yCKOpeHne cBo6OHOTO MaieHus, M/c” ;

H — BBICOTa MOABEMA KHIKOCTH, M |

h — rimyOuna norpyxenus cMecuTens 3paudTa, M ;

O - OTHOCHTENIbHOE MOrpyXXeHHE SpiH{Ta, ONpeIenicMoe 10 3aBH-
h .

H=h"

C TOYKH 3peHMs THIPABIMKH JTIO00M 5pIU(DT NPeNcTaBIseT ool
MpOCTOH TPyOONpoBo. IIpH MOCTOSHHOM CeYeHMM €ro Mo AbEMHOIE TPYOH
ra30)KUIKOCTHOH CMECH IPHXOOHTCS MPEOI0JIEBaTs TONHKO JABA MECTHEIX
COIIPOTHBJICHKA — CMECHTENb H rasootaendrens. Ilorepu MomHOCTH B
CMCCHTENIE ¥ Ta300TIeIUTeNe SPIH(Ta, MOXKHO OIPEIEINTH IO H3BECTHOM
dopmyie BeiicOaxa jutsi 0ZHOPOAHOMN TeKyHeid cpemsy; KOTOpas 1Jis raso-
KHUIKOCTHOM CMECH NIPHMET CIIEYIOIIHH BHI:

Vien
)

NM =Pem * Eim,-:,"_

e

o 3
TA€ Pey — IIIOTHOCTE KUAKOCTHOH CMECH, KIV/M " ;
G - KO3 GHIHEHT MECTHOTO CONPOTHBIICHHS;

Ven — CpeiHss CKOPOCTE Ta30:KMIKOCTHOH CMeCH, M/C.

CHUMOCTH. O =

)
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HeCMe/(0BAHKS Pslia aBTOPOB [2,3,4], k03 dHUHMEHATE UX MECTHEIX COMpPO-
THRIEHMII 3aBUCAT HE TOJBKO OT WX BHMJA, HO U OT MAPaMETPOB IBHKY-
| mejics 9ePe3 HUX Ta3s0XKHIKOCTHOMH CMECH.

Ha ocHOBAaHHH 3KCIIEPMMEHTANBHBIX UCCIIEA0BAHNIA, IIPOBEJCHHBIX B
JloHenKOM IOJIMTEXHHIECKOM HHCTHTYTE [2], mosrydeHa 3aBHCHMOCTD JIS
onpefcneHHs Koah@HIMeHTa MECTHOTO COMPOTHBIIEHHS CMECHTENsS 3p-
mp’ra AMEIONas CIeAYIOMMHA BHUA:

Ecu=0,074q" - 1,3q + 12,9, (6)

W3 3aBECHMOCTH (6) BHAHO, YTO OCHOBHBIM (aKTOPOM, BIMSIOIIHM
Ha BEJMYHHY KO3(OhHIMEHTa MECTHOTO CONPOTHBIIEHHS CMECHTENs 3p-
JM(Ta ABIAETCA ra30CoJEpKaHHa CMECH, ONpEeIseMOe YACIbHLIM pac-
XOHOM q.

[logcraBue 3HaYeHHe KOY(POUIMEHTA MECTHOIO COIPOTHBIICHMS
cMecuTend B (5), MOJIyIHM 3aBHCHUMOCTE U ONPENENeHHd NoTepb MOLI-
HOCTH NPH NPOXOXKJACHHH qepea Aero 1 M°/c JKHIKOCTH:

ch(

Bl o 0n7403 1,3q+129) (7)

Ha ocHOBammMM HccrenoBaHuit — [5] ¢ MCIOAB30BAHHEM 3aBHCHMO-
CTEH, IIOMy9E€HHBIX ApYrHMH aBTopamH [1,2], ko3(pPULMEHT MECTHOTO CO-
NPOTHBICHUSA BO3MYXOOTAEINTE/IS MOJKHO OIPECIHTD 10 CAEAYIOMEN 3a-
BHCHMOCTH:

Eor =1,2:(1+q). (8)

C ygeroM 3TOro BEIPAKEHHA 3aBUCHMOCTH LI nnpe,uenmmﬂ OTEPh
MOIIHOCTH B OTAENUTENE MIPU MPOXOXKICHHH J9EPE3 HEro IM/c KMIOKOCTH

NpPUMET BHJI:
2

A ;”“(Hq) 9)

3aTpaThl MOIHOCTH HA OTHOCHTENLHOE JIBMDKEHHE (pa3 HMEeT MECTO
TONBKO MpH ABHOKEHHH MHOrodasusix cpea. Ouu 00yCIOBIEHBI IPOLEC-
COM NEpejiaqy SHEPrHHM OT SHeproHocsmer (B spaudre- razoodpasHat
hasa) k sHepromnorpebusomei ¢ase (B apimudTEe — NOAHUMAEMAs KM
KOCTB). STOT mporece CIOKHBIA B 10 HACTOAMIEI0 BpeMeHH HEI0CTaTOMHO
wsygerneii. He Baapasce B GU3MY9ECKyIO CYIIIHOCTB, OPHEHTHPOBOYHO 3a-
TPaThl MOIMHOCTHA Ha OTHOCHUTENBHOE ABHKEHHE (a3 MOIKHO OMPEACTHTH

TI0 SKCITepUMEHTAJIBHBIM JaHHBIM U3 YpaBHEHH DaaHca MOIHOCTH 3)
Ny =N — Ny —Ney —Nor, (10)
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KOTOpOE IOCIIE I[(},IIGTaHﬂBKH 3H&‘IﬂHHH mnmlm cﬂaraem m
(1), (4), (7) u (9) npumer BUI:

___pqh{l_@} i
: (1)

2 2
~Pem V—Z‘“ﬂ(o,oqu -1,3q+12,9) st

BrIpasuB IIIOTHOCTh CMECH Yepe3 ILIOTHOCTH mmkﬂn ¢a3skl, a cko-
POCTL CMECH 9epes nojady spau{Ta ¥ AMaMeTp NOLbEMHOMN TPYOSI, HOMy-
HHM.

N —paqln[1+pgh) gt Ay P R

2
+(0,0749% ~13q +129)- 0,972%(1 +q),

Cauraem, 910 3aTpaThi MONIHOCTH HA OTHOCHTEILHOE IBYIKCHUE az
S4BHCAT OT CKOPOCTH Halopa ra3soHIKOCTHOH CMeCH W Ko3(QHIjHenTa

OTHOCHTEJIBHOTO JIBIDKCHHA - K, ompenensemMoro Ha OCHOBAHWH 3KCIE-
PHMEHTAIBHEIX JaHHEIX, T.C.:

2

V<
N, = KoPe T? (13)
Tak Kak CKOpPOCTH BWODKEHHS M ILIOTHOCTS Tra303HAOKOCTHOH CMECH
H3MCHAIOTCS IO BBICOTE NOABEMHOM TpyOBI, MIPHHMMAaeM HX 3HAYEHHS B
CCHCHUH Ha €€ CCPE/IMHE, OINpe/ieNIHEMBIE Yepes IIIOTHOCTE HKHIKOH hassl

U nozady spiu@ra. Iocne ux noacrasku B (13) MOITYy9HM:

TR
N ik [ =l 14)
S e 1+pgh/(2p,) :

OTKyZaa

4
Ok a0 = (15)

2| 14 q ,],
5 { i pgh/(2p,)

Honyctus, 9ro KO3 DHIMEHT OTHOCHTEILHOTO ABIbKkerns Ko 3aBH-
CHT OT MaMeTpa noAbeMHOH Tpy6s - d, riybuHAsl rorpyxerns - h u o1-
HOCHTEJIPHOTO TIOTPYXeHuA - 0, 06paboTann pesyinsTaTsl HCILITAHMN 25
KOPOTKHX 3pIMOTOB, NPE/CTABUB HX B BHJE HECKOJBKHX KOppesIHOH-
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X nunei—i Haubonee quHu pacqe'mme TOUKH pacnnnaram*rcﬂ B CHCTe-

e 0,2 uﬂ 2

‘Me KOOp/IMHAT KﬂT— —> 0. JIaHHOE KOppEeIALHOHHOE I0NE Npej-
g 0,4

CTABIEHO HA PUCYHKe 1.

1,234 N yh'?d*

p'a 1,5 q
Q( 1+p'ghf(2pa)J

! |
® - d= 0,14 MM, I/d=35 |
5000 | {0 - d= 0,15 mm, I/d=37 |
- i *-d=0,3 mm, l/d=11,8 |
+-d=0,3 MM, I/d=6 i
3000 | 3 ] [ | AL{HS 2| i
m A4
1000 | e PN
LG A g L : i sy 2
0 0,1 0,2 0,3 0,4 0.5 0,6 0,7 0,8
1,5 14 2 £
1,234Nyh"d _ 66,6-+1498,40.—1654,6a
1+P'3h /(2p,)

Prcynok 1 — K Bonpocy onpeiesienHs MOIHOCTH, 3aTpauMBaeMOM Ha
OTHOCHTEJIbHOE JBIKeHHe (a3 B MOABEMHOM Tpybe KopoT-
KOro 3pnudra

ObpaGorkoit Ha DBM 3T0re KOppesiHOHHOIO IOJs HONydeHa
dyHKIMOHANBHAS 3ABHCHMOCTH:

h'>  66,6+1498,60.—1654,60.
g

s 3
I|11,5 (12

(16)

WK K h"a’ = 66,6 +1498,60.—1654,60., (17)



Cepia: Zipuuyo-enekmpomexaniuna

Ioncrasus sHauenne K, m3 (17) B (14), # chenas HeoBXOmuMER
npeoOpa3oBaHusI, MONYYHM 3aBHCHMOCTH I OOPCACICHHS MOIIHOCTH,
3aTpa4HBaCMOH Ha OTHOCHMTEIHHOE ABIXKEHHE (a3 B MOXLEMHOM Tpybe
KOPOTKOI'0 3piHQTa:

pQ, q } - 2
N,=081——=—|1+ 66,6 +-1498,40.—-1654,60." | (18)
i h'2d*q?’ [ 1+pgh/(2p,), ( )
Temepr Bce oTaensHEIE claraeMeie HanaHca MOLMHOCTH KOPOTKOro
9pan(Ta UIBECTHBI HCXO/HOE ypaBHeHHE (3) IpEMET BU:

<2l 2 3
]JaCIlI'{I + PE] = pghl_m"+ 0’8]_‘)_(?‘__[1 &t ___q___ ]X
a oL C

2 pQ* 2
X (l’_},{)’}‘zlq —1,3q+ 12,9)+ 0,972-&4— (1 + q) + (19)

2
Logl—£Y [1+ q J(ﬁs,e.+149s:,4.1-1654,a3)
hd*a® \  1+pgh/(2p,)

[lonryuerHoe ypaBHEHHE MOKHO HCIONB30OBATE IS pacyera KOpPOT-
kuX 5pmudToB. Ilpn 9TOM 3amaHHEIME sEAsIOTCS Hogaua Q, riryOuHa mo-
pyeHus cMecHTens h, BeicoTa mogbeMa xunkoctH H. Onpenemrs He-
00XOMMO YIEIBHBIH PAcXo/l q U BHYTPEHHMI AUaMeTp MOALEMHON Tpy-
051 d.

C IOCTaTo4HOM Il WFKEHEPHBIX PACHETOB TOYHOCTHIO Y [€MbHBIH

pacxon rasa B KOPOTKHX apnnqrrax MOKHO OIIPEeJICNHUTE IO NOJNY4YE€HHBIM
HaMH SKCIICPUMEHTAJIBHBIM 3aBHCHMOCTSIM:

mpu h <1Im —q = (hdo)%* 028,890.% ~28,12a+9,47, 20)

0,2 130%-4,6a
mpu h > 1m —q= Jd se el 21)

3
h
P,aln(h)®* In 1 4+ P82
P a
Tax kak BHYTpEHHUII AHAMETp TIONEEMHO TPYDBI BXOAUT B 32BHCH-
MOCTH JUIl ONpPENCNCHMS YAECIBHOIO Packola M B YpaBHEHHE OanaHca

MOIITHOCTH, TO JUIS €ro onpeleneHus: Heo6X0AHMO PElmarh CHCTEMY JABYX
YPaBHEHHI.

[Ipu h <1 M oHa umeer Bux:

%im—m—
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3 q A (h du)ﬂ,t# ezs,sgu.z +9,47

pqz[g,m[“w;w J(o,qu 13q+129)+ 0,972(1+q)2]

p.aln(l+pgh/p,)-pgh(l-a)/a

dd4= __I__

. 2
pQ q 2
0,81 1+ 66,6 + 1498,400 —1654,60

h'»o ( il pgh(Zpa)J( )

|+
: PaqIn(l+pgh/(p,)) - pgh(l - o)/ a
ampuh>1 m:

2
hdﬂ,zeI,Ec: 4.60+12.1

"™ pecinh)’ In(1+ pgh /p, )
pQ2[0,3 1[1 ] ](0,074& ~13q+12,9)+0,972(1 + q)il
5 1+ peh/p, el
Paqln(l+pgh/p,)-pgh-(1-a)/a
2
081-PQ [1 pessead bue ](66,6 +1498 40 - 1654,60%)

hl,ﬁaﬂ,i
p.qin(l+pgh/p, )—pgh-(1-0)/a

IHonydenHoe npH pemesrH NpUBEACHHBIX BBIIE CUCTEM YpaBHEHHM
JHAYCHHWE BHYTPEHHEIO JHAMETpa OKpyrJdercst Ao Onwkaimero craH-
JAPTHOrO, I KOTOPOro YTOYHAKTCA 3HAYEHHUA YIEIbHOI0 pacxo/ia u mo-
a4k kopoTkoro spmudra [1].
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