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BBe.neHHe. 3a.BHCHMOCTH rH,Iij)aBnHtleCKHX conpoTHBne.!:!HA A PaR, HC-

THHHbDC oC5'heMHbIX napoco~ep7K8HID\ 'I H CKonbJteHHA 4la3 " OT paCXO~bDC 
NaCCOBbDC napoco~ep.aHHR Z C~T OCHOBHHMH HCXO~HMH ~aHHHMH ~nB SHa

nH3a TennOBbIX pemHMOB npOT~8HHHX CHCTeM c ropH30HT8.JIbHNMH KaHanawH, 

j j~	 HanpHMep, MamHTHbIX CHCTeM YCKopHTeneR 3ap1Dlt8HHhIX tlaCTHQ, KpHOCTa

d,	 THpyeMbIX c npUMeHeHHeM ~BYXlfla3HHX nOToKOB reaaa [1,.2,3). XapaKTepH!i

!oUf CetleHWlMH KaH8.JIOB TaRHX CHCTeM BBmmTclI KonbLteBHe, DteneBHe H. KpyI' 

~e (TPY~H). ~cno pa60T, nOCB~eHHHX 3THN HCCne~OBaHRRM, BeChMa or

pSHHlleHO [4,5,6,7,8J H COAeplKHT, KaK npaBHno, HHlI>OpM~ o rH,I@8BnH

tleCKHX ConpOTHBneHHRX ~nB Tpy6. Cne~eT OTMeTHTb, tlTO 06heM HH~pNa

LtHH H ~OpMa npe~CTaBneHIUI,pe3ynbTaToB He ~amT"nOKa'OCHOB8H~ ~AR BH

60~ ~eKBaTHWC pactleTHIlX COOTHomeHHR ~ PiA B 3aBHCHIIOCTH OT ~Ha

n&30Ha peJlHMHNX napaaerpoa ~BYX~3Horo nOTORa renHSl, TaKHX ,KaX ~aB

neHHe P , MaCCOB8J1 CKOpOCTb m H na.poco~eP.aHHe X ,tlTO 6y~eT noxa
3SHO HHJte. HccneAOB8HHD HCTHHHoro oOheNHoro napoco~ePJtàHHR B ropH

30HT8.JIbHb1X KaHMw( noCBImteHa, B~O, oNia pa60T8. [8J, a nHTepaTyp

HNe ~8HHHe no r~BnHtleCROMY conpoTHBneHHD KaHanOB ~eneBoro H Konb

~eBoro cetleHHR npH ~B~eHHH B HXX ~BYX~3Horo nOToRa renKH HaM 

HeK=?BeCTHl:l. 

~B BepTHKanhHNX K8HanOB OTMetleHHHe XapaKTepHCTHKH HCCne~OBaHY 

60nee noxao [9,10, II ,12), tleM ~JUI ropH30,HTMbHNX. TaJ(, B [10,11] Ha 

OCHoee aHanH3a 3KcnePRMeHTanbHoro MaTepHana npe~CTaBneHa MeTO~Ka 

paCtl8Ta rH,D.p&BnHQeCRHX conpoTHBneHHl Tpy6 AII8 m= 30+400 KrM- c-I, 

s = 0+1, P= (0,04+0,18) MIla, a. B [n~J ttpHBeAeHH' pe3ynbTaThI accaeno

mulKR HCTHHHoro O~MHoro napoco~e~HB B RaHane Kon~eBoro çetleHHH 
2C-I,c OTHOCHTenbHO 60nbIllHM 38.30pOM faí = 1+1,25 I1pH m= 8+160 KrH-

Z = 0+1, P= (0,1+0,2) MfIa. 
O~aKO COOTBeTCTB~e XapaKTep~CTHKH ropH30HTa1IbHHX H BepTH

KaJIbHWC K8H8.JIOB MOryT COBn8A&Tb nHmb ,EVISI qaCTHYX Cnyq&.eB, Kor~ 

CXO~ pe)l(JO(Y TetleHIVi nOTOROB. HanplOlep 11pH OTHOCHTeJlbHO 60nhD1HX 
2c t

mCCOBHX ClCOPOCTJlX (m >100+200 xr..- - ) ~Byxtlla3Horo renHll rlrfAP8.B

HKQeCKHe conpoTHBneHHR 3&.CQ8T Tp8HHIl B ropR30HTa1IbHNX H BepTHKaJlb

HHX K&H8.J1ax IIp&KTiNeCKH COB~T, 'Q'l'O OTMeqeHO B pa60Te [5]. llpH 
OTHom1TenbHO Hft3KHX ~CCOBHlC CKOpOCTBX ( m-c 80+90 XrH-2c.l ) pe!tHH!i 

e"1;tJ!1i11~tlliLl1 B1lt'Nf1l" 

W!ll'BMl. HCCJiel\OBIUII . 
Ie.U~ m'J~-rç:l-tl:.. 



TeqeHHH ~BYX~3HOrO renHH B rOpH30~TanbHNX KaH~ax CTSHOBHTCH pac
CnOeHHHMH [13J, QTO aecaoãceseaao BepTHK8JIbHNM K8HanElM. B QACTHOCTH, 
n03TOUY COOTBeTCTBYD~He XapaKTepHCTHKH rOpH30HTanb~ H BepTHKanbHNX 
KaHanOB MOryT paSnHl.l8.TbC.R npH npOtnDC paBHNX ycnoBllSix. 

~HaR pa60Ta nOC~eHa HCCne~OBaHHD xapaRTepHCTKK ropH30HTanb
HHX ~BYX4JasHHX nOTOROS reaaa , H B nepBYJ) Oqepe~b, pacczoeaasx , no
CKOJlbKy HMeHHO OHU xapaltTepHN (13,24J ~JIj{ KaHanOS npoTOlHlO~ tlS.CTH 
HaI'HHTOB aneKTpoqmSUqeCKHX YCTa.HOBOK, HanpHMep, YCKopHTenelit 3apIDIeH
HNX llaCT~ [I ,2,3J. 

OCHOBHJlIe COOTHOmeHHR. AHaJlH3Y xapaI<TepHcTHK ropH30HTanbHHX pac
cnoeaasx ABYX<Pa3HI« nOTOKOB nOCB~eH ~ paõor , !COTOpbJe (B cnyqae 
TepMO~aMHQ:eCKOrO paBHoBeCH.R ~s) tSasHPYDTcH Ha ypaBHeHHRX HMrr,Ynbca 
~JlJI ~olit 4Ja3H [14,151: 

AL (1:~ =Ti q - tz Si (1) 

, r,[te (2)Al1:J ='CA + r;. Si 
2 

r • .( Jl LI/. T. • .L ~ liç . 'C; • .L. c4 ("ç - til.) ~ (3) 
L JI. 2 ) '$ JG 8 } 'l Ji 2 I 

J)1. /lL.}-m (lJt; li€. )-n (4)
~ =, CI. ( TI / A&:c~ TI ;" h =K,t. 

reOMeTpuqeCKHe pa3Mepu KaHanOB Konb~eBoro, ~eneBoro H Kpyrnoro ceqe
H~ nORa38HH Ha pHc.l. 

113 pa60T, B KO

TOPHlC npHBeAeHY pe
SYJ1'bT&'i'H pemeHWI 
yp8.BHeHHCt (I) H (.2) 

~ AnH KaHanOB KpYrnoro 
CeqeHHH, .140»10 BbI,Q,e-.c:: 
nHTb [16] H tSonee 
nos,I\Hl)l) CTaTbII [17J.

~ 

~ OTnHtUlTenWlaR 
ocotSeHHoCTb COCTOHT

ti q 
npe~e Bcero B pas-
HOM onpe,[teneHHH 3K

Puc. I. reOMeTpHqeCKHe xapaKTepHcTHKH RaHanOB BHBaneHTHHX rH,ItpaB

~eneBoro, .Kon~eBoro H Kpyrnoro ceqe- n~ecKHX AHaMeTpOB 

Hd • J), H ])1; • Kp0148 Toro, 
:a [17)' ~JI1[ . oIIpeAeneHHH BenHlUf!i ~ H .h Hcnonb3yeTcR TU Ha3HB&eMM 

nC8JlAOCpe,l\flllll CIlOPOCTh l1t. ( B""CTO cpe)lH8A l1t. =JÁl,tAlU(2)dA 

2 

B [16], npuqeM /lu ('I) t» 1.4. npH O,5 < 'I < 1. T8JColit no~oA nOSBO
nHn aBTopaw patSOTH [17J nOnyqHTb y~oBneTBOpHTeJIbHOe cornaCOB&HHe pac
qeTHHX cooTHomeHHR Ana rHAPaBnHQeCKOrO COnPOTHBneHHH H HCTHHHoro 
oeYbel4Horo napOCO,D,epJtaHWI ~ByxtPa3HoA CMeCH H3 ROMIlOHeHTOB c OTHOCH
TenbHO BHCOKHM OTHomeHHeM nnoTHocTea ~~ - B03~a H He~H •. np~
MeHeHHe TaROrO no~o,[ta ,[tJIJI CJIYlUUI ABYX$á3HHle nOTOROB re.n:H.R, OTnlNaJ)
i\IDCCJI OTHOCHTenbHO HH3RHM OTHomeHHeM nnOTHOCTeR Jl~ , npHBO,[tHT 
K 3aBLmleHHHM P83YJIbTaT8.M no rHAP8.BJIuqeCKOWY conpoT~ieHHl). Haxosen, 
pemeHHe ypaBHeHHA (I) H (2) npHBeAeHo B r~HQecKoR ~oPMe ,[tna KOHKpe
THOR ABYXcPa3HO~ CMeCH, qTO 38.TPY~~T npHMeHeHHe nOJIY1leHHoit HHIPOpua
~ ,lVISI atlanH38. .IJ.PyrHX cpen, . 

B CTaTh8 [I8J npa pemeHHH ypaBHeHmt CO, (2) ,IVm K&I&JIOB Kpyr

.1101'0 CeqeHH,R B COOTHomeHHRX (3). (4) aKBHBaJleHTHHe r~Bn~ecKHe 

~HaMeTpli lJL H ])f onpe,[teJlSlJIHc b rax 'la, KB.K H B [17) : 

_ 4 AL • 7) _ 4Ai 
li. - JL} .ui .- J$ + SL 

J 

(5 ) 

a CKOpOCTH 14 H !ir; paBHY me cpe,ItHMN no CeqeHHIJ BeJlHtlHHaM. nOJIY'leH
Hlie B 6espa3MepHoM B~e COOTHomeHHSI YAoBneTBopHTenhHo cOrnacYDTCH c 
~OM 3KCnepHNeHTanbHNX ASHHHX ,[tn.R ABYX~3HHX nOTOROB c OTHOCHTenhHO 
BHCOKHM COOTHomeHHeM ~;I~ . O,ItHaKO UCnOJIhSOB&HHOe aBTopaMH pa6o
TN [I8J ynpo~ee COOTHomeHHe Ui $> /lL HecnpaBe,[tnHBo AJIJI TaRoR 
cpeMi, KaR ,[tByxq>a.3H~ reJ1~, qTO 6YAeT nOKa,38.HO MDe. 

B ,[taHHoR CTaTbe ~ onpeAeneHH.R xapaKTepHCTHK paccnoeHHNX ABYX
4>asHbDC nOTOROB reJUf1I npH ~BHJKeHHH B xaaaaax xoasneacro , JIteneBOro H 
xpyrnoro CeqeHHA HCnOJIbSOB&HH ypaBHeHH.R (1)+(5) c yqeToM npHBeAeH
HWt 3aMelWimt. 

IIp!lp8.BHHBaH r~HeHTli ,[t8BneHWI ,[tn.R oõeax qJa.3, HS (l) H (2) 

noJIYtlHM 

ti. AI. S$ A$: r..)(tI l -::l:. • (6)-IQ 

; AIJ .si. + AI. S, ZG 

~ xaC&TenbHlde ~HH.R Xl, "ç H 'li qepes CpS,ItHHe CKO
pOCTH 

G(f -,x) Gz 
/li. ~ A(!- '1)eIj , Ut; A '1.11 (7) 

c 

MOURO nOnyqHTb ypaBHeHHe ~.R onpe,[teneHHH o~oro MS HCKOMHX COOTHome
HHR ~(Z), KOTopoe B ~anbHeRmeM 6y~eT He06xo~0 ~JIH HaXo~eHHSI 
r~Bn~eCKoro ConpOTHDneH~ KaHana ABYX~3HOMY nOTOXY ~Pi~ . 
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M3 (3) H (7) cne~eT, QTO 

Zl. = .i. ~! (I-:Z) '1_72. (8); 4.Jl. .Z(f-lI)j 

AH8JIH3 nOKS.3btBB.eT, tlTO B pefiJIbHblX KOHCTPYK~roc p,ue npa OTHOCHTeJIbHO 

HH3KHX MaCCOBWC CKOpOCTHX ,D;Byxclla3Horo nOTORa renWl (m < 20+30) pe1KH
MN TetleHKa o6eHX $a3 6y~ Typ6yneHTHb~. ti CEHaM c 3THM KO~HqHeH

'Í'bt rH,IU>8.BJIHtleCKOrO conpOTHBJIeHHH J2 H JG (4) MOJCHO BbttUfCJ!HTb c 

nOUOIqblO COOTHomeHH.K BJIasHYca [19J, B KOTOpOM e, ~ C ' a m = Il
G= O,25. C YtleTOM aToro. . 

Jf E! (1- z) If /ç ~ ~ -j -425 , (9) 

~ eX (1- 'I) ~ .lJGvf 
a COOTHomeHHe (8) npHHMMaeT BH,I\. 

Z"L =(~ J)~ )tZ~';/~~ J~7.J"r(I-,x) '1_1(,!"=J (10)' 

~ Ir; J)L/ (~/ L-,z (1- 'I)j . 
Ha (3), (4) H (7) cne~eT, tlTO ,n;p,yroe COOTHomeHHe ~;I~s MOEMO 

38nHCaTb K8.K 

Ii..=Kft- (1-,z)'1~ jR (lI)
Zí !.' ,z (f-'1)~ 

e 
a. 

IToCJIe aToro ypaBHeHHe (6) npHMeT B~ 

c As:A1- _~(I+_i.a) -17. (12) 
A8 ~ Ai. ~ / 

YpaBHetnse (12) C~T ,ltJIH onpeneneaaa 38.BHCHMOCTH .r (ti) . ,D,nR eroro , 

~aBmHCb ypOBHeM ~KOCTH B KaHane IlL ,MOmiO paCCtlHT8.Tb· reOMeTpH

tl9CKH9 xapaKTepKCTHIUt AL , AG , Sç, ~ , Si H BenHlOOiY HCTHHHoro 

o6'heYHoro napOCOp,epJt8HHR 'Ia AfiA, H, pemHB ypa.BHeHHe (12) npH H3

BeCTHHX TenJIoPH3HqeCRHX CBoRcTB([, MO&HO onpep,eJIHTb pacxo~oe MaC

COBoe napocop,epzaHJle Z ,ltnH ~Horo 3H&tleHiUI 11(1,,,). 
3HaH 3aBHCHlfOC!p Z ('I), Momo onpep,eJIHTb BenHtlHHy Koa<W>HI.UleH

Ta CKOnblteHIUI lP&3 11 [14]: 
- (1- '1).z ~ ,,= 'I (l-lX) v'$ (13) 

HaKo~eq, npH H3BeCTHoA 3&BHCHMOCTH .r/ti) Momo H&R.TH rH,Qp&BJIH

tleCKOe 'COnpOTHBJIeHHe p,Byx4laSHOWY nOTOKy, HCnOJIb3Y.fl t H&npHMep, yp&B

HeHHe (1): 

dfJ_) ~ Ji
( (14)dF/;/ .. ~ A -!t. Ai, .

l 

'f 

I 

~ o6pa6oTKH pe3ynh~aToB H HX conOCTaBJIeHHR yp,06HO nO~bSOB&Tb

CJl B9JIHtlHHOR 6e3p&3MepHoro nepenana p,aBJIeHHH J371 , npe~noaeHHOrQ 
aBTOpmm [20]: 

I tiP_ } I tiP. )I 
p.= {i12/tl! - ((12/L ) ('15) 

Ll (d~)/I .rev 
rd2/G (d211. 

rp,e BeJIHtbnnd (ófl/oz)/ H (a'!Ydr): xa~KTepH3YDT r~BJIHtleCKOe 
COnpOTHBJIeHHe KaH&na CetleWfeM A B CnyqaRX, Korp,a BeCb pacxop, G 
npe~CT,aBJIHeT coõoã JltH)'\KOCTb HJIH nap. 

C YtleTOM npHBep,eHHHX BNllle COOTHomeHHA BenHtlHH8. tJP 38IIHllleTcJt 

B B~e 

r!h/'/-zjrQ,J.f.J SL Ill-~): _I!G~.r(f-'I)/l., -1I1';~ [.z _ /-z _7~· _ 
IJP),1(f-'I)} l/[7(f-s'j 144 'l(f-.r~ ,jJlf~.g (f-'l).fJil i .. 

(!)QRíj/7S_ f (16) 

PacnOJI~aR 3KCnepHMeHTaxbHHMH ~8HHHMH no r~BnKQeCKoMY ConpOTHBne

HHD A.P(.z) H CpaBHHB8Jl HX c pesynbT&T8MH paCtleTa Ha oCHOBa yplB

HeHHSI (16) npH p8.3nHllHb1X senHtUUiax K , MO'lGiO oqeHHTb 3HatleHHe 3TO

1"0 Ko:$PHl\H8HTa K.:: Ji-M . I1cKQMaft BenHtmHa rHJU)B.BJUIlleCKOrO con

pOTHBneHJUI p,BYXcPa3HOUY nOTOKy B KaHane p,mmoA t MoaeT 6HTh onpene

neHa M3 COOTHOmeHKR 

1$2! J: õ!I./'/vt) ~7l (17) APuro{ A2tP4])(+A1 f .1/ ~ / -J.j J 

11 I 
r,D;e h H Ji - OTHOCHTCSi K nOJIHoMy pacxony G . 

Pe3Yn:bTaTbl AnSi JCaHaJlOB KonhgeBoro H IqeneBoro CetleHHA. fipoTOllHHe 

qaCTH KOHCTp,yKU~ an8KT~H3KQeCKHX YCTaHOBOK [1,2,3J ~enecpo6paaHo 
BWlO/IHJlTb TU, 'lTo6H 38.30p p,u nOTOU reJlJm 6liJ1 OTHOCII'!'enhHO MaJI,T.e.

'% (~;Id,) < O,03+0 ,r [ :2,3,24J. .D;I1l 3THX ycnosiSR Ha 4»oTorp&4lJUIX npep,

CT&B7IeHY B ItatleCTae npHMepa pacCJlOeHHHe pe)lHMbl TetreHHSI p,Byxclla3Horo 

remm B K&HanEl lIleneBoro cetleHJUI hX..1 = 30 x I MM. AHaJIH3 cepo Ta

KHX epoTOrpa4Jmt nOK8.3HB&eT, lITO p,HaIIa30H CYJl'SCTBOBSHHSI paccnoemmx 

peKtJÍlMoB opHeHTJq)OBOtUiO MOllHO p~eHHTb aenHtUIH8MH 0,05 -c Z < 0,8 t 
lITO npHKeptfo cooTBeTcTByeT O,I <:" < 9,9 [8]. 
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.rrJm .OTMe'leÍ-mÓro ,IUianaSOHa' BaJIHqmi'V YPaBH6IDIfl (6) WllI (I2) MOJR.... 
HO ynPOCTHTb, qTO n03BonHT nO~HTh aHanHTxqeCKoa B~eHHe Ana 3QBH

CHMOCTH ~(X). 3TO nono~eHHe H~mDCTpMpyeT pHc.2, Ma KOTOpOM npeACTaB
neHbI 3aBHCHMOCTH OTAeJIbH1DC COCTaBJImoD'.tHX ypaBHeHWi (6) OT S6JUNHHllI 'f 

~nH KaHanOB ~eneBoro H Kpyr
nora CeqeHHH. Tax,H3 p~c.2 

BlWio, \lTO npH 0,1 <f<O,9 
MalCCHMaJIbHOe OTJIHtmg OT 6lJJt1

H~ B8JIHtmHLI ~; s~ Me 

npeB~eT 14% ~JUl KB.HaJIa. me
naBoro CeqeHHR H npaKT~ec

KH paSMO HYJI10 .rtJISl KaHan:a 
KonhQeBoro CeqeHHH (Ha pHCe 

2 ~JIR nocne~éro BeJIJfqHHa 

A/.5&/A&SL ne nOlca3e.Ha). 

MaKCifMYM COOTHOmeHMJi t t 
ae npesuaaer O, 18+0 ,3, npz
qeM MeHbmee 3HaQeHUe OTHO
CHTCR K Kaqany ~eJIeBOrO ce
qeHIDI. 

OTHomeHHe KaCaTenbH1llX 

HaIIp1DKeHmt Zi/t"q: MO!tHO o~e
HHTb Ha OCHoae 3KCnepHMeH

TaJIbHUX Aa.HHb!X no liCTHHHOMjf 

o6õeMHoMY napocoAep~Hro B 

ropH30HTaJIbHNX KaHan8X Konb
PaccnoeHH~e pe~HMN TeqeHHH ABYX~3Horo 

ueaoro cel.lemm npa Teli6HHHreJIMR B KaH~JIe ~eJIeBarO Cel.leHRR BHCO
B HeM ,Il,BYXlPa3HOro re JIWI [8J.TOH h ::: 30 MM C 38.30pOM L1 = I MM npa 
M3 3THX ~aHHNX CJIe~eT, l.lTO,naBJIeHJUf P= O, 12~ MI1a. 
HanpKMep npH AaBJIeHHH P = BepxHHH ~OTOrp~HR - m= 36 KrM-2c-I~ 
= I,3'IO~ na li MaCCOBOH CKOX = 0,39; 
POC'fH m= 35,5 KM.,f-2C- I Be-

HHJKHRR epoTorpacPHR - m== 66 KrM-2c-I, 
n~liHa KO~KqHeHTa CKOJI~e,z= 0,23. 
IIt"8HM lfla3 ii HaxoAHTCR B npe

~enax 1,75+2. CJIe~OEaTeJIbHO, 

npH fi ~~ Jf) [14, 15J 

ti ~ f - 2/..//- + f/.R ~ Il t5	 (8)
z;, I" li) , 1 

*,)	 ilpv.M8HI11I.oc.Th aror-o COOTHOrneHl1fi ,n,JIR reJII1R 6y,n,eT nonraepxneaa 

Hl1JKe. . 
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r~= ~~ I 

(l =tl 45 --+ -lã -"--IJ! 
PHC. 2 •.3aBHCl1MOCTH COCTaEJISWnuoc ypasaeaaa (6) AI.S,/A$ SL 
AS;. ~~ AL Sç t'f H ZL/ZOI; OT HCTHHHoro OÕ'beMHoro napoconep-
JKaHHH ~ ~~R KaHanOB meneBoro H KpyrJIOro CeqeH~. I, 2, 3-co-

OTBeTCTBeHHO AI.. S$/A$ ~ t ASt Til~ S4=t"ç 1r1 ZL!t"~ (il,= 2) 
~JIR KaHaJIa meneeoro ce~eHHH hX4 == 30 x 1 MM; 4,5,6,7,8 
COOTBe'I'CTB~HHO AI. S~/A.f 4 , ASi !í:/ A/. SG t;; <li == 2)2 

'4./1:(; (li==- 2), AS, ?:l/1L 81; 7:t; (ti; 3) 11 z.-jz;; (li::: 3) 

;rr,JJJI xaaaaa KpyrJIOrO ceseaas. 

a BeJI~HHa 1Sl~ ~~ < 0,045+0,075 .(õonsmee COOTHOllleHHe OTHOCI1TCR 

K K&H&JIY Konh~eBoro ce~eHHR). 
TaKHM 06pa30M, B ypaBHeHHH (6) MOiKHO npMHRTb AI. cS;;/Aç. S;; ~ I, a 

ASi Ti/ AL S~ 't:t; ::: O, nOCJIe uer-o oao npecõpaaye-rca K BH,I1Y 

(19)ZL/z~ zf I 

\l.TO HnJIIDCTp~eT pl1c.2. PemaH ypaBHeHHe (10) c yqeToM (19), T.e. npH 

! = I, (JJr;/~) tt2~flf:), nOJIyqHM 

I vil; 3} (/)r,d %.J; (20 )~ (,AW .
 

=f -.z 7-6~ jf,(tJtf?:l

J{! ,,/ 

ilpOBO,IVI aHB.JIOI'HtUihle paccyxaexaa , MOJKHO nOKa38Tb, ~TO ~ BblPWKeHHH 

( 16) ~JIfI OTHOCHTeJIbÍioro rH,IJ.paBJIl1\IeCKOrO COnpOTHBlIeHmt tJj1 npOH3Be
~eHH~M QJIeHOB np~ S~~ MOmMO npeHe6peQb. ClIe~OBaTelIbHO, BelIHqjiHa ~p 
sanHmeTCR B B~e 

]E)Ma.KCHMYM cooraoueaaa P'G;t)° ,25 ,AocTHraeMW1 npz 9' =0, I, xe npesa

maeT 1,06 ~JIR K~IaJIa ~eneBOpo CeqeHHH H npaKTnqeCKI1 paseH e~HH~e 

~JIfl. KaHana KOJIh~eBOro Ce~eHHR,OCTanhHble 3Ha~eHHfl.(~~j7~4f~MeHhme 1,06 
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( f -~ J% . 
-p 1- '11 - {	 (21)â --.....,.:-..;~~---(I:-l~ (:~JA-f 

llO~CTaB~&H B eTY ~OPMY~Y COOTHomeHHe (20), OKOHqaTeXbHO nonyqHM 

- [ f-z + ~vf-)* li./" f7:zj%-I (22)
tJ,o :li	 • 

(t-)f~ (~)r;-f 
H3 COOTHomeH~ (13) H (20) Momo onpeAenHTb Koe<IxP~HeHT CKOXbJlte

HWlqa3 

~ .	 (23)il; (l)f, (;})
Ana npOBepKH no.nyqeHHbDe cOOTHomeHiGt (20) + (23) H rp8H~ me npa

MeHHMOC'l'H tSHXH npOBe~eHN 3RCnepHMeHTN. 

BenHllHHa HCTHHHoro ocY&eNHoro napoco,qepmuum 'I H3Mep$lnac~ c no

MO%qbll pe30H8HCHOrO ,I\aT'tUfK8. [8J, qy'BC'l'Bwrenb1WY exeMeHTOM xcroporo 
CJIY)lHT K08J(C~bHM eMROC'l'b, oCipaaOBSHH8JI sJieKTpo,q8MH c ~HaMe'l'paMH

4 = 14,? MM H ti, = 16,0 MM. Ha pHc.3 npe~CT8:BneHH COOTBeTCTByDlqHe 

pe3,Y~b'l'aTN ,qna cnyqag paccnoeHHoro pe.uMa 'l'e~eHHH ~Byx~aHoro renHa 

B rOpH30H'l'~bHOM K8H~e Konb~eBoro Ce~eHHa npH X8.paKTepHoM ~na COB

peMeHHNX 3~eK'l'p~H3~ecKme YCTaHOBOK ~aBneHHH p= 0,125 Mlla H ycno

BHmC, tSnH3KHX R ~H8.tSaTHIDI. dTOT pHCYHOK nosaaasaer , 1I'l'0 MaRCHU9.JIb

Hoe pacxo~eHHe CionbmHHCTBa nonyqeHHNX 5KCnepHMeHTanbHHX AaHH~ c 

p83yn'bTaTaMB pac~e'l'a Ha OCHOlle COOTHomeHIVI (20) (xpHB8JI 1) He npeBN

masT 10+15%, a MaKCHMaJIbHU norpemHOCTb B onpe,qexeHHH BeJI~ 'I H Z 
He npeBHmaJI8. COOTBeTCTBeHHO 4,5 (8JH 5%. aAecb .e npHBe,qeH& saBHCII

MOCTb '1(x) , nonyqeHHBJI c nOMOII{bJ) 4l0PUYJI (13), K 

Ü = (J-)~	 (24) 

113 patSOTH [21] (KpHB8JI 2). H3 H3BeCTHIlOC 3&BHCHMOCTeA oaa HaHJIYtmlBM 
OtSpaSOM cor~acyeTcR c nO~eHHHMH 8KcnepHKeH'l'anbHHWH ~ ~ft 

r9JIJUl. CJIerore'l' OTMeTHTb, tn'o 06e 3aBHCHKOCTH I 11 2 pacnoaaranrca cY

lIteCTBeHHO HDe 38.BHCHKOCTH 3, nocrpoeaaoã no yp8.BH9HHI) lJ)Ul rOIlOI'eH

RoA MO,qeJIH. 

Ha pHc.3 npe,qcTaBJleKJi 'l'8JC&8 pesyJlbT8.TH ~JIJl K03ll$nuleH'l'OB CKOJIb

eHJUl tJla,s 'O - JlHHHII 4 H 5, paCClIHT8HHH9 C 1l0MOD{bIJ BupueHIDt (23), 
(24). li 8KCnepBlleHTanhHH9 'l'Oql(K, KOTOpu9 nepeC~8HH H3 COOTBeTCTBym

~ To~aK 'I(z) no 3&BIICJOI~CTII (13). H3 pHCyHK8. ~iWiO, lITO npaK'l'H

Q8CKH sce 3KCnapHM8HT8JlbH»8 AaKHH9 3aJt.JJI)~9Kli B Y3&01l ,qJI8ns,soHe 

rI 

z 

0-6
• -7 

4~ 

I I AV I , I

II JArI.! J. A ... Jts 1\ ... 1A I ... M 

'f	 u 

,) 
IJD 

114 

.PHC. 3. 3aBHCHMOCTH HCTHHKoro_o6'&eMHoro napoco,qepaaHHa 'I H 

KoscW»~eH'1'a ClCOJIblleHHJl epa3 /I 0'1' pacxoNioro M8.CCOBOrO napo
co,qePJWiM X Ana lCSH8JI& KOJI~9BOrO ce~aHIUl ti, = 14,? MIl H 

~ = 16,0 ..... npy ~~~eHHH P= 0,125MIla H MaCéOBOf.t CKOPOC'l'H 

m= 35 KI'M-2C- • 1,2,3 - 38.BHCHKOCTH '1(.%), pacc~~e COOT

B8'l'CTBeHHO no ypaBHeHH8M (20), (13) H (24) [21], a Taxe no 

yp&BHeHHI) ,Il,JIa rOMoreHHóf.t Mo,qeJlH; 4,5 - KoacW>~eHTN ii ,pac

C'tUfT8HHH8 COOTB8TCTBeHHo no COOTHomeHIUIM (23) H (24); 6.J.? - 8K

CnepBMeHTaJlbHHe TOql(H COOTSeTC'1'B8HHO ,qJ18 BeJIHQHH ~ H tt . 

1~
 
1,8 ~ il 16 2. Pac~eTHHe SHaqeHIUI, Ha OCHOBa IPoPMyJlht (23) (JIHHHJl 4),
 

COCT8.BXftDT 2,3, a no B~eKHD (24) (KHKHJl 5) - COOTBeTCTBeHHo 1,?5.
 

OTnH'tlH6 3KcneplDleHTa.JtbHHX ,lt8HK!lDC 0'1' ~THX 3H8.~aHJdt HaxOJ,VITca B npe,qe


JI&X norpemHOCTH OlleHKH BenHtI.HHDI Q]f • CJIe,uyeT OTMeTHTb, ~TO s COOT

Ba'l'C'l'BHH c HCnOJIb30BaHHWH ~o~eHHJDIH BsputeHJUl (20) H (23)
 

cnpa.B9~nHBH Ma JIl]tSux Y3KIIX K8H8JlOB, B TOM 1UICJI8 AJIJI KaH8J[OB lIleJl9BO

1'0 ce~eHIUI. ,lI,1UI nOCJle~HX tSLIJIH npose_Kll paCtieTH no (Soage '1'01DfOUY, 

)f)	 llpH waCCOBHX CKOpOCTax m, 35 KrM-2C-1 1100'1' H8.tSJlI)~'l'bCa 'l'eH,q9K

QiUI npll:tSJIDeHHJI 9KCnepllMeHT8JlbHJiX TO'HtX x 3&BHCHMOCTJD( I H 4. 
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J 

'ieM (20), ype.BHemm (12), tlTO ,!!,aJ'I0 pacxozneaae c OIJ,eHKoH aa OCHOBe 

COO'l'HOmeHHn (20) ae 6GJIee 2% npM paeaepax xaaana h-XIJ =30xI MM. 
Mcéne~OBaHHe r~aBn~eCRHX conpOTHBJIeH~ npOBO~Hn9cb ~JIft KaHa

noa co CJIe~KMH reOMeTpKQécl~ xapaXTepHCTHKaMH. ~ Konb~eBoro 

CeqeHHR ,- di = 11,'1 MM, tia = 13 MM, 000t~ ~JIHHa 800 MM, Ma KOTOpOH 

no 100 MM npHXo~nOCb Ma yqaC'1'RH r~o~mi~eCKO~ C'1'a6HJIHaaqHH, BH

nOnHeHHHe ~OH nocne H3MepHT8nbHoro yqacTKa ~nHHoij 600 MM. HaHaR ~e
aesoro CelleHIUt - fi = 30 MM, .d = I MM, o61Itafl ~nHHa 600 MM, H3 KOTOpOj:t 

~nHHa H3MepHTenbHoro yqacTKa COCTaBJlHna 400 MM fi no 100 MM npMOCo~H

nOCb Ha ~CTKH r~o~~ecKo~ c'1'a6HJIH3aQHH. 3KCnepHMeHTanbHEM 

CTeH,n H MBTOAHKa npOBe,IJ,eHHSl 3KCijepIDdeHTOB nonpoõao OnHCaHbT B [13 ,23J. 
YcnoBHH 6HJIH 6JIH3KH K ~Ma6a'1'HHM. li Ka~eCTBe H3MepH'1'enbHHX npH60pOB 

HCnOJIbSOBaJIHCb npeoõpaaoaarena ,IJ,aB1leHW1 ~HtixPepeH~H8.JIbHOrO '1'HI1a"Can

epHp 22"[22J c'npe~en8.W! 0+0,25 xlla , 0+1,6 xlla H 0+10,0 xlla, Ma.KCH-

MaJIbHNe norpel1IHOCTH B onpe,u,eneHHH BemflUm APü!, Â P/ ' Ll~11 H 

~ COCTaBJIRnH COOTBeTCTBeHHO 2 H'5%. 

iiJ 

0,61 

%:tVJ:'" I I !

1>< ;:!"nh' I -+-

I I J' w5ta I

I ;_~ 

x -5 

q~ I 

(J2~ 

o 11;2 0,4 0.6 qa s: __ 
Pac, 4. 3aEJiCID40CTH OTHOCliTMbHoro nepenana ,Ll,aMeIlliR AP OT pac
xonaoro MaCCOBoro napoconepsaaaa .z iVIR K8.HaJIOB KOJlb~e:BO~O H 

~eJIeBOrO Cet.l:eHHt1 rrpa fl :: 0,125+0,130 MIJa. ' 
1,2 - MBaCaMOCTI1,paCCtU1TaHHhle .COOTBeTCTBeHHü no ypaBHemuIM (22) 
li tJp =,z ; 3,4,5" - 3KC~lepIDI.eHTa,ITbHble ,n,a.HHbI8 .u,rm KaHa..1a_HOJlbI~e~ 
Boro CeqeHHR COOTBe'1'CTBeHHO npa m == 26 ~ ~e H 5:,; KPM-2,~ -~: 

•	 6,7 ~ 3KCnepHMeHTa~bHHe ~a~H~e ~n.FI ~aHana meneBoro ~et.l:eHv.R éCCT

a8TCTBeHHO npa m::: 32. M 48 Kf'M-2C--
1 . 
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Ilo~eHHble 3RCnepHMeHT8.JIbHhle ~8HHHe npeACTaBJleH1Jl na pHc;4, rp,e 

Ta10re aaaeceaa OOB~CHMOCTb, pacctUrraHHaJ{ c nOMOIl\bJ) COOTHomeHM (22). 
llpHBeAeHHHe pe3ynbTaTN CBl~eTennCTByroT o xopomeM cornaCOBaHHH - MaX
CHMaJIhHOe pacxoaneaae 3KCneplD4eHTaJIbHN>e TOtieK li pac~etoB (KpHBaff I J 
ae npeBlmaeT IO+I5%. llpH 3TOM no.nytleHHLIe ~BiiHMe pacnoaareerca .Mime 
OOBHCID40CTH 2, pacctlHTaHHoA no ypaBHeHKI> 411 =,z • CJlemreT O'1'Me'I'HTb, 

QTO c Kp~lEoi\ I, nOJIY'ieHHo~ Ha ocacse lfloPMYJIH (22), npa.KTKtleCKH coana
~~'I' pe3YJIb'1'~Tbl pacveros c nOMOII\bID 60nee TOtnfOrO ypaBH8HWI (6) npa 
3HaqeHHH K;; ,0,?5-t1,25. 3'1'0 Me npOTHBopetUiT npIDiRTOMY ~0JIYllteHIm 

h~~·	 . 
PegyJIbTaTN gna KaHa~OB KpYE~oro CelleHMH. no CpaBHeHMD c K8H~a

MH KOl1~eBOI'O M ~eJIeBOrO CetleHID1 oco6eHHOCTb KaHaJIOB KpyI'JIoro ceueaaa 
COCTOHT B TOM, tlTO ~llH HHX npeHeCSpe1KeHHe CHJI013blM BaaHMO~e~CTBHeM cPa3 

Ma MellltPa3HoLl I"pa,HHI.\e MOJKeT rrpHBeCTH .K HCK8.2i\eIUOO pe3ynbTaToB. Tal(, H3 

pMc.2 BHAHO, tlTO ,IJ,nH KaHanOB KpyrJIoro CeqeHHH BTopoa tlJIeH B ypaBHe

HMH (6) H3MetUleTCiI 0'1' 0,25 no 1,15 B ,IJ,Hana3otíe 0,1 e: f< 0,9 npx
il = 2, Tor~a. KaK ,IJ,JISt KaHana I!{eJl~BOrO ceueaaa OH ae npemanaer 3Haqe

HWl 0,045. 13 C13DIO Otlepe,IJ,b,OTHOmeHHH ZL/ZG B TOM xe ~a30He 'I 
H3MeHflDTca 0'1' 3,8 ~o 0,46 H 0'1' 1,18 ~o 0,91 COOTBeTCTBeHHo ,IJ,l1St KaHa

11013 Kpyrnoro H lIteneBoro CetleHHA. llpH YBellHlIeHHH CKOllblKeHMSt AO ii == 3 
paCCMa'1'pHBaeMUe BeJI~~ npHo6peTaDT 60nee BHCOKHe 3HaqeHHfl no cpaB

HeHHBJ co CJIyqaeM, Kor~a ti = 2. B CM3H C 3'1'HM naxoxneaae 38.BHCIDdOC

TH Z(~) ,IJ,lliI KaHan013 KpyrJIOrO CeqeHHiI oc~ecTBl1iInocb nyTeM pemeHHH 

yp8.BHeHIDI (2) na 3BM m-epaI.\110HHHM MeTo.n,OM. í3enHtrnHa napaserpa 
/( = ví!~ npa aTOM 3aJ1,aEaJIaCb B npenenax OT O,75.u.0 1,25 c marca 
0,25. 

Pe3ynbTaT!>T pacveros HCTl1HHblX 06õeMHhIX napoconepaaaaa 'I H K03<P

<pID.\HeHTOB CKOJIb:llteHw1 lfla3 11 npe~CTaBJIeHbT B Ta6n~e ,113 KOTOPO'i m1,Il.

HO, tlTO npz .z"" 0,5 BenJ1qWia 'I ,lJ,JIiI Ka.HanOB KpyrJIOrO ce~eHWi BbIDIe, 

tleM ~JIiI KaHaJIOB meneaoro (Konb~eEoro) CeqeHHH, a 13eJIHtlKHa CKOJIblKeHHff 

<Pa3 i1 COOTBeTCTBeHHO HM7Ke. T8lC, npa s: = 0,1 OTHOllleHHe Ü~ ~ 1,5. 
O,!Ui~KO np.!1 Z> 0,5 HaCSmo,IJ.aeTCíl npoTHB<mOJIOJKHaJi TeH'llHI1,HIl - ~~ > ~ " 
a t/K > UIIJ • 13 tlaC'1'HOCTH, npa Z = 0,9 OTHomeHHe YU~ ~1 ,35. 

PaCtle'1' r~aBJIMtleCKHX COnpoTMBJIeHHH ,IJ,JIfl KaHanOB KpyrJIOro ceqe

HIDl npOBO~HJICfl c nOM0lItbIO saBHCHMOCTYI (16), yqM'1'b!B8.IO!Ite~ B38.HMo)J.e~c'1'

EMe Ha rpaH~e pa3~ena ~a3. He06xo,IJ,~~re .n,na. 3Toro COOTHomeHHR Ao, 
AL , 0:, SL, Ji saBHCR'1' OT yposaa ntH,lJ,KOCTI1 17L HJIH I1C'1'l1HHOrO 

o6õeMHoro napoconepsaaas 11 H npH13e,11,eHhI B [17] . 
3KcnepRMeHTaJIbHOe onpe.n,eneHHe BenaqHHN ~p;! oc~ecTBnflnoch.~nH 

'1'py6bT H3 Hep7mBeromeã CTaJIH ~ 5xO,2 MM ,l!,mruoLl 2500 MM. Ilpa 3TOM 

2000 MM npl1XO~HJIOCb Ha H3MepHTenbH~ yqacToK 11 no 250 MM Ha yqac'1'KH 

11 



Ta6RH4a.	 3aBHCHMOCTH HCTHHHOrO 06beMHOr~ napOCo~epMaHHR ~ H KO~H
~H8HTa CKonb~eH~ ~3 17 OT pacxo~oro MaCCOBoro napoco~ep
!t8.HHR Z , nOJIYll8HHI:le Ha 9CHOBe ~ 12)*) H (3) ~nR ~8.JIOB 
Kpyrnoro ÚC) H nteneBoro (nt) celleHIDt rrpa P= 0,13 MIla. 

Z 0,1 0,2 0,3 0,4 O,~ 0,6 O,_? 0_,8 0,9 

~ 0',29 0,44 0,54 0,63 0,70 0,76 0,82 0,87 0,93 

~/4 0,21 0,3$ 0,50 0,61 O,?O 0,78 0,85 0,91 0,96 

UK 
' 1,45 1,75 1,96 2,13 2,31 2,48 2,66 2,95. 3,30 

Ü", 2,15 2,22 2,:if> 2,29 2,31 2,33 2,36 2,41 2,43 

rH,Ço~eC,KoR cTatsHnH~. MeTOAHK8., ~nCCnepHMeHTanbm1R CTe~, 

l13MepR'l'enbHH9 npH<SOpu H norpellHOCTR Jl3MepeH~ <SWlH Te lIce, tlTO H ,lJ,nJl 

KaHanOB KonhQ8Boro H ~eneBoro CeqeHHA. 

Pe3YnbTaTN 8KCnepHMeHTOB H paCtl9TOB np~CTaBneHH Ma pHc.5, KO

TOpuR nOK&3HB&eT, qTO M8JCCHJUlJ[bHOe paCXO'l,lJ,9HH9 paclléTQB ,lJ,nJl Tpy6N H 

,lJ,JIR KOnbqeBNX KaManOB H93HatIHTenhHO H COCTaBnB9T 10% npH 3HaqeHHH 

z= 0,5. BM9CT9 c TeM COOTBeTCTB~He pa3nHllHR -s Ko~~eHTax CKO~b( 
aeHIUl 483 H HCTHHHHX Ot1beMHNX napOCO,lJ,eP!Wi1UlX ,lJ,OCTHI'8IlT 50% H 40%, 

II	 
lITO OTMeqeHO BlmIe. npaKTHtleCKH TaJCHe lte pe3y'JlbTaTH JlO~TCR ,lJ,JlJi 

II I!	 KaKaJla IC~THOI'O CeqeHHR c O'1'HomeHH6M IrltJ. = I. ti3 pHC. 5 T8JQte 

BH)ViO, qTO 8ICCnepHMeHTaJlbHHe ,lJ,aKHHe pacnonaraerca HUe KpHl\oA 2 sa 
BenHtUIHY 20+30%. fi CSJl3H c 3TH!.. tSHno tUU\,IJ,eHO 3MIIlipHtleCKOe COOTHome

HNe ,IVISI pacqeTa 38.BHCi040C'l'H tJp(.x) ,lJ,JlR K8HaJIOS xpyrJJoro cell8HiUI 

(xpHBàJl I): - , Ir, ~ ,7
tJfJ- ;',f'fO- I.(1-fJ,IJ.fZ) -1./. (25) 

MalCCHMaJlbHOe pacxo~eHHe peg,ynbTaTOB pac~e'l'a no cooTHomeH~ (25) c 

SICCnepHM8HT8JlbHHMH ,lJ,sHH1DIH_ ae npeB~T 15% BO acex ,D.HalI8.30He paCXO,lJ,

HHX MÍlccoBHX napoco,lJ,epmmHA Z . 
~. CpaBH8HKR Ha pHc.5 npHB~,IJ,eHa ~ClleTHaR 3aBHCHMOCTb 3 H3 [5], 

nonyq9HHaS1 Há oCHOBe SKCnepHMeHTaJIbKlJDC ~ ~JISl renHII H T00 lIte TPY

<SH p5xQ ~2 .... ~HHoR 25Üo ÍOI npa ,lJ,8.BJl~HHH OK<?no 0,135 Mna" H , 

In> 200 KI'M-2c- '. llp~ T8J(HX IlaCCOBHX CKOpe,CTRx peZHMY T9l1eHHfl ,lJ,BYx

~3Horo reJIH.fl ,lJ,OXMHH <SHTb He paccnoé~, a npepuBHCTHMH [13J. tia 

pHC.5 BJWio, qTO cp8.mUiBaeMYe COOTHOmeHHR (25) ('KpH~ I) H H3 ["5] 
>n~ (KpHB8JI 31 CYDteCTB9HHo OTJlHtmI>TCJl mr OT ,ztpyra. Tax,IipH .x" 0,2 se
I
I JlINHHH AP ,IWI nPePHBHCTHX peaHMOB npHM9~0 Ma 100% BY1Ie, tl9M ,IJ,JI1l 

pacCJlOeHHHX, a npH ti a:: 0,6+0 ,7 COOTBeTCTIl9HHO Ha ~+30% HBe. 

]f') P93ynbT&TIi paCll9TOB 3&BHCHMO~;~ P~)B ,lJ,MaP8.3oHe,O,05.c:Z c::: 0,85 
'li• pa31UNaDTCa Ha 2+4% npa H3N9HeHHH oTHome~1UI ..ft!4 ~T d',75 1J.0 1,25. 

;11 
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.6-8 
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41 

41 
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I u	 4~ 41 z" PHC. 5.	 CQ!loCTaBneHHe 3aBHCHMOCTeit OTHOCHTeJlbHOrO nepen~a ,lJ,8.BneHHa 

ãP 0'1' pacxonaor-o MaCCOBOro napocO,lJ,epmHHB .x • 
1,2,3 - 3aBHCHMOCTH ,IJ,JIJI KaH&IIOB Kpyrnoro CeqeHWl, paCCtlHTSH

H!ie COOTBeTCTBeHHO no yp8.BHeHWDl (25), (16) H H3 [5] npH 

npepHBHcTIlCC pemwax TelleHHH çm > 200 KI'M-2c -I); 4 - ,lJ,JUI Ka

HanOB DteneBoro H 1C01!b~9Boro CeqeHHR no ypaaHemm (22); 

5 - no yp&BHeHHI> /JP-Z; 6,7 - nonytleHHH9 H8MH ASHH!lIe ,lJ,nR 

K8HaJIB. KpyrJlOrO celleHHB COOTBeTCTBeHHO npa m= 52 H 

65 KrM-2c - I; 8 - ,lJ,aHHHe H3 (6J npH m= 24+50 KI'M-2c - I H 

fl te °,12 Mila; 9 - ,lJ,aHHHe H3 [7 ] ~H 70 Kr..-2 c- I H 

P =0,12+0,13 Mfia. 

Ha pHc.5 npe,lJ,cTaBJleHO TaKZe conOCTaBneHHe no~eHHNX pe3ynbTa

TOB c 3KCnepHMeHTanbHlAlH ,IJ,8HHHNH .JU'YI'HX &BTOPOB, HCCJl91J.OBaBIJiHX I'HA

paanHtleCKHe ConpoTHBneHHR ropH30HTaJlbHHX Tp,y6 npH ,lJ,BHaeHHH B HIX 

~BYXcfJa3HOrO reJlHll. Tu, H3 [6 J MOllMO B~eJlHT b TpH 8KCnepHMeHTaJIDHN:e 

TO'lKH, ICoToplie c nOMOJqbll KaP'l'H pe'lHUOB '1'eqeHHH ~DYXlfla3Horo reJIHJI B 

ropH30HT&JIbKOR Tpy<Se [13] MO~O H,lJ,eHT~HQHPoBaTb K8X OTHoc~eca K 

paccnoeHHLtM pemDf8Y. OTH ,lJ,aHHHe, nOJIY'leHHHe npH ~8.BneHHH oaoao 
2C-1 0,12 MIJa, MS.CCOBHX CKOpOCTHX 24+50 KI'M- ,lJ,JISl Tpy<SH ,lJ,HaMeTPQM 

18,4 )di H ~JlMHoR 6000 .... , pacnOJlaraJ>TcR BJ:,IDJe KaK HamHX 3KCnepHMeH

TaJIbHJlX '!:OlleK, T8J( H 38BHCIOIOC'l'H AP =.t' • ~3 pa(SOTH [7] K paCCJlO
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eHHNM pe~ TeqeHHII MO~O OTHeCTH ~Be TOQXK. 3TH ~e non~eHH 

npa ~aBneHHH 0,12.0,13 Mila, uaCCQBOH CKOpOCTH ORono 70 Kry-2c- I ~H 
Tpy6H ~HBMeTpOM 6xO,4 MM H ~nHHo~ 1200 MM. OHH 6HnH npHBe~eHhl K ROOp

~HHaT8.M i1P -x c HcnOnh30B8HHeM COOTHomeHWI (15) 11 <PoPMYJIbI KOJIbClpyxa 

H Y~Ta [19J (npH 3KBHBaneHTHO~ mepOXOBaTOCTH OKono I MKM), KOTOpaH 

peKOMeH):J.OB8.f:i& aBTOpaMH [5,6, 10J ~JIH onpeneaeaaa Ko3<Wl~eH'ra rH,IU>aB

nuqeCKoro conpoTHBneHWI npH Teqe!LHH o~~3Horo renHi B TPy6ax npH 

R~ :> 104• OAlia H3 3TIDC TOqeK ( tJp = 0,3; J: = O149) ltt0BneTBOpHTeJIbHO 

cor-aacyerca c nonyqeHHbIMH H8MH ~aHHmrn, a ,IUlyrM (1JfJ= 0,32;..%= 0,72) 

pacnOJIaI'aeT~ CYllteCTBeHHO Hlme. HHJlte 3aBHCHMOCTH, nocTpoeHHolt no 

ypaBHeHm:l tJp =,z , pacnoxar-anrca TaJOlte 3KCnepHMeHT8.JIbHNe ,IJ,8HHNe H3 [4]. 

KOTOpH~ y~oBHeTBopaTanDHo cor~acyroTcH c n~aHHHMH HaMa pe3Y~DTaT8MH, 

XOTR no Ben~HHe MaCCOBO~ CKOpOCTH HX HeJIh3S OTHeCTH K paccnOeHHHM 

pe!tHMaM. ,I/.aHHHe [4J no~eHhl ~JUl lleTDIpÊ!x napaJIJIeJIhHNX Tpy6 ~HaMeTpOM 
6xO ,5 JIIM H ~nHHoA 13· 10 MM npa ,DIlBneHHH 0,15 MI1a H m= 140 RrM-

2C-I 

(aa pHc.5 OHM ae nOKa3aHH, ~o6N ero xe 38.rpOMOlllAaTb). 

.l3'hIBO,I\N. rH,Iij>8.BJI11'tIeCKOe conporaaneaae AByx!Pa3HOMY noroxy , HCTHH

Hoe o~NHoe napoco~epEaHMe H CKonbMeHHe ~3 ~nR ropH30HTaJIbHHX K8.

HanOB KonbqeBoro H ~eneBoro CeqeHHA c OTHOCHTenhHO MaJIHM 3a30pOM 

111 

; 
II I"!, ~ ('0/01) a:: 0,03+0,1 npaKTlfliecKH O~HHaKOBH. TIpH pacCJIOeHHNX ~ltHMSX 

2c-1TeqeHHII ,J:tByxllJa3Horo nOTORa renHJl, T.e. npH In 1G 5O-t60 KrM- H 
Illt 

)\aBneHHRX Ptx O,12+0 ,13 MI1a, rum>aBJliNeCKOe COnpoTHB}IeHHe 3THX xaaa

nOB MO:ll!teT paCC\lHTHB8.TbCR c nOMOIllbl> COOTHomeHHS (22), KOa<PPHQHeHTN 

CKon~eHKH - Ha OCHOBe ~oPMYJI (23) unH (24), a HCTHHHoe o6beMHoe 

napÕco~epmaHHe - no 3aBHCHMOCTH (20) MnH no COOTHOmeHMHM (13) H (24). 
PaCCW8.TPHB8.eWe xapmçTepHCTHKH )VIR ropH30HT8JlbHb1X K8HanOB KpyI' 

noro CeqeHHH OTn~TC8 OT T8XOB~ ~ng KaHaJIOB xon~eBoro H ~eneBoro 

CeqeHHR c OTHOCHTenhHO NaJIm( 3830pol4. TIpH paccnoesxsx peJ!tHMaX Tetlt 
I'" 

HHfl .ItBYX<Pa3Horo nOTORa reJIllH B Tpy6ax, T •e .' npH tn!$ 70+80 Rry-2c- H 
II 

,IJ.a.BJleHI1RX fJ:: O, 12+0 ,13 Mf1a, HX r~BnHliecKoe conporaaaeaae MO;lleT pacI 

ClDiTHBaThCSl ua: oCHOBe COOTHOmeHHJl (25), a O~eHKa HCTHH:H1lDC o(h,eHHHX 

napoco~ePJr.aHHR li Ko3lf4lHl\HeHToB CROnbaeHHR 4Ja3 MOlteT Iij)o'H3BO~bC.fI c 

nOMolltbll Ta6n~. 

HMeD.1.\HeCSl B JIHT6p4lType HeNHOrOluICneHHlie ~E1.HHllle no rH.IJ.paBnH'leCKO

MY COnpoTHBJIeHKD ropH30HTaJIbHHX Tpy6 npH ~HmeHHH B HHX ~BYX~3Horo 

nOTORa I'9nHR AOBOJlhHO npOTHBopeQHE~ H He CHCTeMaTU3HpOBaHN, B CRR3H 

c ~eM ~eJleCoo6pa3HO npOBeAeHHe AOnOJIHHTenbHNX HccnéAOBaHKR. 

" B 3&KJIl)tleHHe aBTOJ)N BbIpaJlWJDT 6naroAaptiOCTb COH 3yH raHY sa 

nOJle~e saMeqaHHH H 06c~eHHe pe3ynbTaTOB. 
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0603HaQeHHR 

AI., Ao - CeqeHWI, 3aH.HTbJe COOTBeTCTBeHHo lKH,I\KOCThl> H ra30M 

(napox}, ~; A..A" +Ai. - ~onHoe ceueaae KaHMa,. ~; S - CMolleHHbItt 

nepaaerp KaH8JIa, M ; JJ::. ~ - 3KBHEaneHTHHA ~H8.MeTp xaaana , M; 

1?L ' J8 - 3KBHBaneHTHbJe AHaMeTpH COOTBeTCTBeHHO Ann ~~KO~ H ra30Bo~ 
<Pa,3, M; U - CKOpOCTh, ),i.c-I ; il:= %~ - KoSlWJ~eHT CKOnh7lteHHJI 

<Pa3; P - nasneaae , H.M-2 (TIa); t1P - 'nepen8JJ, ,IJ,aBJleHWL, H·M-2 (TIa); 

li fJ/J - OTHOCHTenhHHA nepenan ~aBneHHR; ~ - Koop~WiaTa B~onh OCH Ka

HMa, M; 7:- xacarensaoe HanpIDlteHHe, H.M-2 ; J - -Ko3lM>~HeHT TpeHHJl; 

.1- nnOTHOCTb~ Kr.M-3; d - AHaMeTp Tpy6N. M; L3 - aaaop , M; ; - KHHe

MaTlfqeCKM B.f13KOCTb, ,}.c-1; Z - pacxonaoe MaCCOBoe napoconepxeaae; 

'1- HCTHHHoe o&beMH~e napoco~e~He; G- MaCCOB~ paCXOA, Kr.c-I ; 
m - MaCCOBaJI CKOpOCTb, Kr·M- c-I; t - ~nHHa KaHaJIa, Iof; h - BNCOTa 

KaHana, M; Re - tlHCnO Pe~Honb~ca; C, K - tlHCJIeHHl>Ie .Ko3lPPHIUieHT!:I. 

~eKcbl: fi - ras (nap) , L - ~KOCTb, t - Me.3HaíI rpa,HHI.\8., !TIH n 
- nOKa38TeJlH CTeneHH, I H 2 - DHYTpeHH~ H BHeWHH~ ,IJ,HaMeTpbl. 
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MaMegoB H.C., CenroHHH C.ID., ~HnHnnOB ro.rr. P8-86-2ü8 
XapaKTp.pHCTHI{'H paccnoenasrx gBYXIPa3HbIX nOTOKOB r-erráa 

llpeACTBaneHM pe3yrrbTRT@ HccnegoBaHHR ragpaBnHqeCKHX 
conporaaneaaa , HCTHHHbIX OÕ'beMHbIX napo conepxamrã H CKOnb)l(eHH:H 
<bas ripa pac cnoenasrx peJKHMaX TeqeHHH gByxliJa3HbIX rrOTOKOB re
rraa a ropH90HTsnbHblX xauarrax xom.ueaoro , mene sor-o H xpyr-rror-o 
CeqeHH~ npH ,c;BnneHHH P = 0,12+0,13 MITa, pacxogHMX MaCCOBb~ 

napoconopxznraax x Of 1, Mac.COBbIX CKOpOCTHX m = 25+ 70KrM-2c-1 c 

H a,c;Hal'SaTHblx vcnoaanx • .QrrR 3THX xapaxrepac-rux npnaenensr 
pa cxeruue COO'l'H01!IenHR, xo ropsre xopomo corJIaCYIOTCR c nonvxen
HblMH 3IccncpHMeHTanbHblMH gaHHbIMH. UaFlO cpannenne c HMelOIlUfMHCH 
aHanorU4UblMH ~aHHbIMH ztpyr ax aa-ropos , 

Pnõo-ra aunonaena B O'rrrene HOBbIX xe-ronon yCKopeHHH 0I.f5UI. 

Ilpenpunt OfS'bCl1HHCHHoro HHCTKTYTa JIJlepHhIX HCCJIenOBaHHH. Jly6liB 1986 

TIeponoA O.C.BHHorpagoBoH 

Mamodov I.S., Selunin S.Yu., Filippov Yu.P. PS-86-208 
Chorocteristics of Stratified Helium 
Two-Phase Flow9 

The investigation results on the hydraulic resistances, 
void fractions and 8~ip ratio at stratified motion regimes 
of two phase helium flows in horizontal channels of annular 
gap and circular crOS8 sections with apressure P 
= (O.12 fO.13) MPa vapour qualities x = 0+1, mass velocities 
m = 25f70 kgm- 2s- r and adiabatic conditions are presented. 
The calculation correlatione being in agreement with the 
obtained experimental data are given for these characteris
tics. The comparison with analogous data of other authors 
i8 presented. 

The investigation has been performed at the Department 
af Ncw Acceleration Methods, JINR. 
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