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Aranoa H.H. H np. P9 - 10760 

0 B03MO>KHOCTH KpHOCTBTHpOBBHHSI CBepxnpOBOilSIUIHX MBrHHTHbiX 

CHCTeM yCKOpHTeneA C HCIIOflb30BBHHeM CTpyAHhlX HBCOCOB llflSI 

u~tpxynHUHH >KHilKOro renHH 

noxa3aHW npeHMyll!eCTBB UHPKYflSIUHOHHhlX CHCTeM KpHOCTBTHPOBBHHSI 

caepxrrpoaollHlllliX MarHHTOB ycxopHTenH. PaccMoTpeHa B03MO>KHOCTh 

IIpHMeHeHHSI CTpyi!Hb!X HBCOCOB llflSI UHpKyflSIUH~I >KifllKOrO reflHSI. CTpyAHbie 

HBCOCbi HMe!OT HeorpaHH'IeHHbiH pecypc, M8flYIO CTOHMOCTb H rrpaKTH'IeCKH 

He Tpe6yJOT o6cnylhHBaHHH. Co31lBHa s.xcnepHMeHTanhHBH ycTaHoaxa co 

cTpyfiHhlM HacocoM. B pe3yrrhTaTe TeopeTH'IeCKHX H 3KCrrepHMeHTanhHWX 

HCCflellOBBHHfi npeano>KeHa MeTOilHKB paC'IeTa KpHOreHHhlX CHCTeM, B OCHOBe 

aefiCTBHSI KOTOpb!X ne>KHT OIIHCBHHbifi IIpHHUHII. 

Pa6oTa BblliOnHeHa a lla6opaTOpHH BbiCOKHX sHeprHfi OI-15Hf. 

llpenpBHT 061.e.ll&HeHHOrO BHCTBTYT& a,llepBWX BCCneAOB&BBI. JJ.y6sa 1977 

Agapov N.N. et al. 
P9 - 10760 

On the Possibility of Cooling of Supercon­
ducting Magnetic Systems for Accelerators 
Using Jet Pumps to Circulate Liquid Helium 

The adventages of circulation systems of cooling of 
superconducting magnets for accelerators are shown. The 
possibility of using jet pumps for liquid helium cooling 
is considered. The jet pumps can be in operation over an 
indefinite period of time, their cost is low, and, practi­
cally, they need no service. An experimental set-up with 
jet pumps is designed. As a result of theoretical and ex­
perimental investigations there was proposed the method 
of calculation of cryogenic systems, the principle descri­

bed being its basis. 

The investigations has been performed at the 
Laboratory of High Energy Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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KpuocTaTupoaaHHe caepxnpoao~H~Hx MarHHTHwx cuc­
TeM YCKOpHTeneH MO)I(eT ocy~eCTBllHTbCH KaK norpy)l(eHHeM 
06MOTOK MarHHTOB B KHnH~HH renHH /T .H. "norpy)I(HOH" 
cnoco6/, TaK H uupKynHuueii )I(H~KOCTH no pacnono)l(eHHhiM 
BHYTPH unu oKono o6MOTOK KaHanaM /T.H. "uupKynHUHoH­
Hwii" cnoco6/. BTopoii cnoco6 HMeeT pH~ npeuMy~eCTB 
no cpaBHeHHIO C nepBbiM, B OC06eHHOCTH npH KpHOCTaTHpo­
BaHHH KpynHWX MarHHTHbiX CHCTeM. 

llpH HCnOnhJOBaHHH UHPKYllHI..{HOHHOrO cnoco6a B CHCTe­
Me CO~ep)I(HTCH, KaK npaBHllO, MeHbillee KOllH~eCTBO )I(H~­

KOrO renuH. 3To ynpo~aeT H y~emeanHeT o6opy~oaaHHe 
~nH xpaHeHHH raJa,coKpa~aeT nycKoaoii nepuo~ cucTeMhi. 

KpoMe TOrO, npo~e CTaHOBHTCH CHCTeMa 3BaKyal.{HH renHH. 
)l,OCTyn K CBepxnpOBO~H~HM MarHHTaM YCKOpHTenH npH 

uupKynHUHOHHOM cnoco6e MO)I(eT o6ecne~uaaThCH 6eJ cy­
~ecTBeHHoro YCllO)I(HeHHH KpHOCTaTOB, TOr~a KaK npH no­
rpy)I(HOM cnoco6e paJ6opHwe ropHJOHTanhHWe KpuocTaTw 
HMeiOT BeCbMa CllO)I(HYIO KOHCTPYKUHIO. 

IJ.upKynHUHOHHhiH cnoco6 HCKmo~aeT Heo6xo~HMOCTh pe­
rynHpOBaTb ypoBeHb KHnH~eH )I(H~KOCTH B KpHOCTaTaX. 
3a~a~a perynupoaaHHH ypoBHH cTaHoBHTCH ace 6onee cno)I(­
Hoii npH yaenH~eHHH npOTH)I(eHHOCTH CHCTeMW. lfJ- Ja ManOR 
nnOTHOCTH )I(H~KOCTH npHXO~HTCH paJ6HBaTb CHCTeMy Ha 
pH~ MenKHX KpHOCTaTOB H perynupoBaTb ypoBeHh B Ka)I(~OM 
HJ HHX B OT~enbHOCTH. B npOTHBHOM cny~ae ~a)l(e HeJHa­
~HTenbHhlH nepena~ ~aaneHHH npuae~eT K JaMeTHoii paJ­
HHUe ypoaHeii. 

H, HaKoHeu, npu norpy)I(HOM cnoco6e HJ·Ja cno)I(HOH 
KOH<i>HrypaUHH MarHHTOB BOJMO)I(HO CKOnneHHe nyJLipbKOB 
napa, He HMeiO~HX ~OCTyna K noaepXHOCTH )I(H~KOCTH. llpH 
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I.{HpKynJli.{HH )KH,I:(KOro renHJl CO CBepxKpHTHqecKHM ,I:(aBneHHeM 
TaKoe JlBneuue ucKmoqeuo u, TaKHM o6pa30M, ueT onac­
HOCTH noKanbHOrO nOBbiWeHHJl TeMnepaTypbi B pe3ynLTaTe 
neperpeaa napa. 

Ha OCHOBaHHH Bb1WeCKa3aHHOrO npH Bbl6ope CXeMbl 
KpuocTaTupoaauuJl caepxnpoao,I:(Jlmero ycKopuTenJl aaTopbl 
npoeKTa /I/ OT ,I:(aiOT npe,I:(noqTeuue uupKynHUHOHHOMY cnoco-
6y. bOnee Toro, 3TOT cnoco6 yKa3blaaeTCJl a KaqecTae 
e,I:(HHCTBeHHO npaKTHqeCKH peanbHOrO ,I:(nJl CHCTeMbl 60nb· 
woro MacwTa6a. 

B pa6oTe /2/ 6blnu paccMoTpeubl cxeMbl, a KOTopbiX 
llHPKYnJli.{HOHHbiH nOT OK )KH,I:(KOrO renHJl nonyqaiOT C no· 
MomLIO MexauuqecKoro uacoca unu cucTeMbl, cocTOJIIJleB: 
H3 KOMnpeccopa H Tennoo6MeHHHKOB. 

B uacTOHIJleM ,I:(OKna,I:(e auanulupyeTCJl B03MO)KHOCTb 
npuMeHeHHJl ,I:(nJl uupKynHn;uu )KH.l(Koro renu11 cTpyB:uoro 
uacoca. B oTnuque OT MexauuqecKux ycTpoB:cTa cTpyB:uLie 
annapaTbl HCKmoquTenbHO npOCTbl, HMeiOT HHqTO)KHYIO CTOH • 
MOCTb, o6na,I:(aiOT ueorpauuqeuHbiM pecypcoM u npaKTH· 
qecKH ue Tpe6yiOT o6cny)KHBaHHJl a npouecce 3KcnnyaTauuu. 

llpuuuun ,I:(eHcTBHJl TaKoro annapa Ta I puc. 1/ cocToHT 
B TOM; qTo noTOK C)KaToro raJa paJrouJleTCJI B conne H npu 
,I:(anLueB:weM ,I:(BH*euuu yaneKaeT Ja co6oB: HH)KeKTupyeMbiH 
noT OK. CMewaHHbiH noT OK, BbiXO,I:(JllllHH H3 KaMepbi eM ewe­
HHJI, pacwupJleTCJl a ,I:(Hif>lf>y3ope, npu 3TOM cuu*aeTCJI ero 

I Ji jjJ 

I a 
I 

w,! 
I 

GJ ==G, + 0. G, 
I , §[jf,8 I ~c 

Puc. 1. CxeMa cmpyiiHozo Hacoca. I- conAo, I I - ijUAUHOpu­
t~ecKa.R I(QMepa CMeweHUJI, I I I - ou(J(Jy3op. 
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cKopocTb u yaenuquaaeTCJI CTaTuqecKoe ,I:(aoneuue. 0Tuo­
weuue pacxo,I:(a HH)KeKTHpyeMoro noToKa K pacxo,I:(y pa6o­
qero nOTOKa Ha3biBaiOT K034>Ii>HilHeHTOM HH)KeKI.{HH 

G 
u = --.:::::.2 

GI 
/1/ 

TeopuJI CTpyB:uoro uacoca/3/ ocuoaaua ua ucnonbJo· 
BaHHH ypaBHeHHJI HMnynbCOB H K03If>lf>HUHeHTOB CKOpOCTeH, 
yquTbiBaiOIJlHX noTepu B pa3nuqubiX qacTJIX annapaTa. 113 
ypaBHeHHJl HMnynbCOB ,I:(nJl I.{HnHH,I:(pHqecKOH KaMepbl CMe • 
weHHJI 

¢ ((i w 
1 

+ G w 
1 

) - ( G
1 

+ G
2 

) w" 
2 1 I' 2 2' .,r. 

/2/ 

= (~'!,.-{\ h )flb+(p3r.-p2h )f2h 

H ypaBHeHHJI bepuynnH ,I:(nJI TeqeHHJI HeC)I{HMaeMOH )I{H,I:(· 
KOCTH MO)I{HO • nonyqHTb ypaBHeHHe xapaKTepHCTHKH CTpyu­
uoro uacoca 

.,..2 f 
. '\ p = ___:_:j_g_ ___la_ [ c/J 

f v 
+u2 ---.:..lJI. --~( c/J 

v f 2 
I a 3 r 

f v 2 
2h ]ft 

2 f1 v3 2 
- (} + u) _a_ --( 1-0,5cjJ )] 

f v 3 
3c Ia 

O,f) 
---) 

cp 2 
4 

/3/ 

r,I:(e no/3/ ¢ 2 = 0,97; ¢ 3 = 0,90.; ¢ 4 = 0,92 - K034>4>uuueu­
Tbi CKOpOCTeH npH ,I:(BH)I{eHHH )KH,I:(KOCTH COOTBeTCTBeHHO 
,I:(nJl KaMepbl CMeWeHHJI, ,I:(Hii>4>Y30pa H BXO,I:(HOrO yqacTKa 
KaMepbi CMeWeHHJI; G • ~aCCOBbiH pacxo,I:(; W • CKOpOCTb; 
p - ,I:(aaneuue; f - nnoma.l(L ceqeuuJI; v - y,I:(enLHbiH o6'beM; 
~P - uanop cTpyiiuoro uacoca, i\p,.,p3-p2 . 

LJ.ulf>poBOH HH,I:(eKC OTHOCHTCJI K TIOTOKy, 6yKBeHHbiH • 
yKa3biBaeT ceqeuue annapaTa /eM. puc. 1 u 2/. 

0nTHManbHOe OTHOWeHHe ceqeHHH conna H I.{HnHH,I:(pH· 
qecKOH KaMepbl CMeWeHHJl, COOTBeTCTBYIOIJlee MaKCHManb· 
HOMY uanopy, onpe.l(enJleTCJl H3 ycnoau11 d(!\p) I d (f If ),., 0 . 

I a 3c 
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. ...-----IV 

2 

(i. = uG, ---lff 

__ ll 

Q/\/ -I 

Puc. 2. CxeMa 14UPKYIVHIUU JICUOKozo zeAUJI e cucmeMe co 
cmpyilHblM HacocoM. 1 - KpuocmamupyeMbtu o6oeKm, I I 
c6opHUK JICUOKozo zeAwz, I I I - cmpyilHbtu Hacoc, IV 
men;wo6MeHHUK. 

llocne npeo6pa3oBaHHH MO)f(HO nony"'HTb 
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f 
(_La_) 

f 0 
3c 

0 5 
-11 ,. ){ ---2 v ( cP -- - ) ] 2 0 +u _ _2_ '2- ¢2 [ l-(f

1 
/f...1L.n 

2 vI !_ _______ 4 __ ··-

<l+u)2~..L (2-02 /4/ 
v a 

a 

"' 

.. 

HauMeHbWHH H3 Tpex Kopueii ypaBHeHHH ~acT uy)f(uoe pewe­
HHe. 3TO peWeHHe MO)f(HO nony"'HTb HTepaUHOHHbiM MeTo­
~OM, npHHHMaH uaqanbuoe npu6nu)f(eHue paBHbiM uymo . 
,lJ,OCTH)f(HMbiH Harrop npu 3a~aHHOM K031}l4JHUHeHTe HH)f(eK­
UHH onpe~enHeTCH nyTeM llO~CTaHOBKH B /3/ BenH"'HHbl 

(~a/f3c )0 · 
llapaMeTpbi w1a H v1 a ua cpe3e conna onpe~enHIOT no 

napaMeTpaM TOpMO)f(eHHH pa6oqero llOTOKa npu llOMOlUH 
TepMO~HHaMuqecKux Ta6nuu unu ~uarpaMM u c ucnonb3o­
BauueM ypaBHeHHH Te"'eHHH c TpeuueM ~nH peanbuoro raJa 

WI a ""cpl Y 2/1. is ' /5/ 

r~e A is - pa3HOCTb 3HTanbnHii pa6oqero noToKa npu uJo-
3HTponHoM Te"'eHHH; cpi - K031}l4JHUHeHT CKOpOCTH llpH ~BH­
)f(eHHH llOTOKa renHH B COllne. flo HaWHM H3MepeHHHM, B 
cpe~neM ¢I= 0,94. 

CxeMa uupKynHUHOHHOH cucTeMbl KpuocTaTupoBaHHH 
npe~cTaBneua ua puc. 2. B Ka"'eCTBe pa6oqero noToKa 
HCnOnb3yeTCH C)f(a TbiH ra3, BbiXO~HIUHH H3 KOHUeBoro Tenno­
o6MeHHHKa pe<lJpu)f(epaTopa. CMewaHHbiH noT OK npu CBepx­
KpHTH'IeCKOM ~aBneHHH nocne OXna)f(~eHHH B 3MeeBHKe 
~o TeMnepaTypbl )f(H~Koro renuH no~aeTcH B o6beKT. Ha 
BbiXO~e H3 06beKTa llOTOK pa3~enHeTCH Ha ~Be 'laCTH, 
o~ua H3 KOTOpblx uanpaBnHeTCH B cTpyiiHbiH uacoc, a 
~pyraH, paBHaH G1 , ~poccenupyeTCH B c6opHHK. 

Pacxo~ C)f(aToro raJa onpe~enHeTCH ypaBueuueM 3Hep­
reTH'IecKoro 6anauca 

GI 
Q 

1 -1 /6/ 
0 I 

r~e G - TennoBaH Harpy3Ka; i0 , II - 3HTanbllHH B COOT­
BeTCTBYIOIUHX TO'IKaX YCTaHOBKH. 

B JaBHCHMOCTH oT ~onycTuMoro uarpeBa )f(H~Koro re­
nHH ~ T = T2 - T 4 ueo6xo~HMbiH Ko31}l4luuueuT HH)f(eKUHH onpe­
~enHeTCJI COOTHOWeHHeM 

io- il 
u..? c ~T 

4-2 

-1, /7/ 
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r.D.e c4-2 - cpe.IJ.H.IUI y.D.eJihHaH TennoeMKOCTh :>KH.IJ.Koro re­

JIH.Il B HHTepsaJie napaMeTpOB OT TO'IKH 4 )1.0 TO'IKH 2. 
Ha puc. 3 3aBHCHMOCTh /7 I noKa3aHa rpa<lJuqecKH. 

KaK BH.IJ.HO H3 rpa<lJuKa, .D.JIH nony'leHHH senH'IHHhi ;\ T 
= 0,2-7 0,3K He06X0)1.HMO o6ecne'1HTh K03<lJ<lJHIIHeHT HH:>KeK­

IIHH 8-7- 4. 
4T06hi Bhi.IICHHTh, B03MO:>KHO JIB noJiy'leHHe TaKHX K03<lJ­

<lJHIIHeHTOB HH:>KeKIIHH, CTPY~Hhl~ Hacoc 6hiJI ucnhiTaH Ha 

CTeH)J.e, pa6oTaiOIIIeM COBMeCTHO C reJIHeBhiM pe<lJpH:>Kepa­

TopoM xono.IJ.onpoH3BO.IJ.HTeJihHOCThiO 240 Bm. B Harnux 

3KcnepHMeHTax pacxo.IJ. :>KH.IJ.Koro renHH a 5-:-10 pa3 npe­

BhiillaJI paCXO)J. C:>KaToro ra3a q. llOTOK :>KH)J.KOCTH, BocnpH­

HHMaH COOTBeTCTBYIOIIIYIO XOJIO)J.OnpOH3B0)1.HTeJihHOCTH Ten­

JIOBYIO Harpy3Ky, HarpeBaJIC.Il JIHillh Ha 1\T cc 0,15 ~0.25K. llpH 

10 
u 

B 

6 

S.OK 
4 

2 

0 0,2 0,4 Q6 48 
6T"""h2-T:. K ¥I 

Puc. 3. 3aeUCUMOCmb K03rjjf/JufiUeHma UHJICeKfiUU om oonycmuMo-
20 11azpeea JICUOKozo zeAUJI. 
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'1 

' 

~ 

J 

3TOM 
~p 

Hanop cTpy~Horo Hacoca H3MeHHJICH B npe.IJ.enax 

= /0,15/-7-/0,40/.105 HjM2. 
Ha puc. 4 npHBO.IJ.HTCH cpasHeHHe O.IJ.HO~ H3 nony'leHHhiX 

3KcnepHMeHTaJihHhiX xapaKTepHCTHK c pac'leTHO~. KaK BH.IJ.­

HO H3 pucyHKa, pe3yJihTaThl pacqeTa xapaKTepucTHKH /3/ 
no ypasHeHHIO xoporno cornacyiOTCH c 3KcnepHMeHTaJihHhi­

MH )J.aHHhiMH. 

3arnTpHXOBaHHa.ll 30Ha COOTBeTCTByeT HeyCTO~'IHBOMY 

pe:>KHMY pa60Thl H pe3KOMY CHH:>KeHHlO 3<lJ<PeKTHBHOCTH CTpy~­
HOrO Hacoca. Hccne.IJ.OBaHHH noKa3aJIH, 'ITO .IJ.JIH Toro, '1T06hi 

HCKJilO'IHTh nO)J.06Hoe .IIBJieHHe, HY:>KHO BhlnOJIHHTh YCJIOBHe 

e r ---' 
dla 

l+u 
-0,31 ' 

W~--------------------------------------~ 

8 

6 

' " " .,_ 

''\. '\. ''\. '\. ." " '\. ' '\. 

OL_ ____ ~----~----~----~ 
qf q2 q3 0,4 qs 

11p . f0 5
' 11;~2 

/8/ 

Puc. 4. 3KcnepuMeHmaA&Ha.R u pactlem11a.11 xapaKmepucmuKu 
cmpyil11ozo 11acoca. Q = 200 Bm; G'} = 28,6 z/c; p 
= 19.105 H/M2; T

1 
= S,SSK; p

2 
= 4,0. 0 5 HjM2. l 
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r ,IJ,e f - paCCTOHHHe Me)I(,IJ,y ceqeHHHMH , a" H "b" CTpyB:-

uoro an napa Ta; d 1 a - BhiXO,IJ,HOH ,IJ,HaMeTp connao 

Ha ocuoBe cooTuoweuHB: /3/ H I 4/ HaMH paccqHTaHLI 

napaMeTpbl llHPKYJIHU:HOHHOrO KOHTypa H OllTHMaJibHbie reo­

MeTpHqecKHe pa3Mepbi cTpyB:uoro uacoca .D.JIH pa3nHqHLIX 

cnyqaeBo Pe3yJILTaTbl pacqeToB npHBe,IJ,eHLI B ma6Au~eo llpH 

pa6oTe C Ta6JIHU:eH HCXO,IJ,HbiMH ,IJ,aHHbiMH HBJIHIOTCH ,IJ,aBJieHHe 

P1, H TeMnepaTypa T
1 

C)l(aToro ra3a ua BXO,IJ,e B conno, 

a TaK)f(e ,IJ,onycTHMLIH uarpeB )I(H,IJ,Koro reJIHH AT 0 llo Ta6-

JIHU:e onpe,IJ,eJIHIOT He06XO,lJ,HMYIO BeJIHqHHY K03cWlHU:HeHTa 

HH)I(eKU:HH u, .D.OCTH)f(HML!_H uanop cTpyB:uoro uacoca Ap 
pacxoJl pa6oqero noToKa G1 H nnmu:a.D.L BLIXO,IJ,Horo ceqeHHH 

COllJia f1" Ha e,IJ,HHHU:Y TellJIOBOH Harpy3KH, a TaK)I(e OllTH­

MaJibHOe OTHOWeHHe ceqeHHU ( ~ 
11 

I f:Jc ) 0 conna H U:HJIHH.D.­

pHqecKOH KaMepbi CMeWeHHHo 

PaccTOHHHe oT cpe3a .D.O BXO,IJ,Horo ceqeHHH U:HJIHH,D,pH­

qecKoii KaMepLI cMeweHHH onpe,D,eJIHIOT H3 ycnoBHH /8/o 
I I 

,[l.pyrHe oceBLie pa3MepLI - no peKoMeH,IJ,aU:HHM 1 :l, : yron 

paCTBOpa BXO,IJ,HOrO yqaCTKa KaMepbl CMeWeHHH - 60 9Cf' ; 
yroJI paCTBOpa .D.HcWly3opa - 87 10° ; ,IJ,JIHHa llHJIHH,D,pHqecKOH 

KaMepbl CMeWeHHH - /6710/d1 c; ,IJ,JIHHa .D.HcWlY30pa- /6-:-7/ 
( tig -~c ), r,IJ,e d:J - ,IJ,HaMeTp B~IXO,IJ,Horo ceqeHHJI .D.HcWly3opa, 

d3 c - ,IJ,HaMeTp llHJIHH,IJ,pHqecKOH KaMepbl CMeWeHHH o 

Ha puc o 5 npe,IJ,cTaBJieHLI npHHU:HllHaJILHhle cxeMLI KpHo­

CTaTHpOBaHHH KOJibU:a YCKOpHTeJIH: nepBaH - C MeXaHHqec­

KHMH HaCOCaMH, BTOpag - CO CTpyHHblMHo 0xJia)f(,IJ,eHHaH 

,IJ,O TeMnepaTypbl KHllHII.lero reJIHH )I(H,lJ,KOCTb llpH CBepxKpH­

THqecKOM ,IJ,aBJieHHH llO,IJ,aeTCH B MarHHTHYJO CHCTeMy, Ha 

BbiXO,IJ,e H3 MarHHTHOH CHCTeMbl llOTOK C)I(HMaeTCH B Mexa­

HHqecKOM HJIH CTpyHHOM Hacoce H CHOBa OXJia)I(,IJ,aeTCH B 

c6opHHKe c KHllHII.lHM renHeMo Cyll.leCTBeuuoe pa3JIHqHe 

3THX CXeM COCTOHT B TOM, qTo B nepBOM CJiyqae B llHKJI 

H3BHe BHOCHTCH 3aTpaqHBaeMaH Ha llpHBO,IJ, MeXaHHqeCKHX 

HaCOCOB pa60Ta H ,IJ,JIH ee KOMlleHCaU:HH Tpe6yeTCH ,lJ,OllOJIHH­

TeJibHaH xono,IJ,onpoH3BO.D.HTeJILHOCTh pe!}lpH)I(epa Topao Bo 

BTOpOM CJiyqae Tpe6yeMaJI XOJIO,IJ,OllpOH3BO,IJ,HTeJibHOCTb He 

yBeJIBqBBaeTCJI, ee BeJIBqBHa paBHa TellJIOBOH Harpy3Ke 

OT MarHBTHOH CHCTeMblo 

TaK, qTo6bl o6ecneqBTh nonyqeHHble Ha GTeH,IJ,e napa­

MeTphl npu ucnoJIL30BaHBB MexaHBqecKoro Hacoca c Kollo.D.o 
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Puc. 5. CxeMbl Kpuoc11tamupoeaHUJI ceepxnpoeoO.RJIIUX Maz­
HU111HbiX CUC111eM YCKOpU11teAeii: a/ C MexaHU'leCKUMU Hacoca­
MU, 6/ co cmpyiiHbiMU HacocaMu. I - c6opHUK JICUOKozo ze­
AUJI, II - cmpyiiHbiU Hacoc, III - MexaHu!lecKuii Hacoc, 

IV - MaZHU111, v - KOAAeKmop cJKamozo za3a, VI - KOAAeK­
mop eo3epama napa. 
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t 

1 

7J = 0,5 npuwnocb 6bl yBenH'IHTb xono.nonpoH3BO.IJ:HTenbHOCTb 

pa6oTaiOU.\ero no UHKny c ,npoccenupoBaHHeM pel}lpu*epaTo­

pa Ha 5011/o. Cne.nouaTenbHO, 3aMeHa ,npoccenJI cTpyiiHblM 
HacocoM He TOllbKO noBblwaeT Ha,ne)KHOCTb uupKynJIUHOH­

Hoii CHCTeMbl, HO H yMeHbWaeT y,nenbHble 3Hepro3aTpaTbl. 

Cne,nyeT, O,IJ;HaKO, OTMeTHTb, 'ITO BKlliO'IeHHe CTpyHHOrO 

Hacoca B CXeMy pei}JpH)KepaTopa HCKlliO'IaeT B03MO)KHOCTb 

llOBbiWeHHJI XOllO,IJ;OllpOH3BO,IJ;HTenbHOCTH nyTeM ycTaHOBKH 

,neTaH,nepa Ha DOTOKe ra3a, BbiXO,IJ;JIU.\eM H3 KOHUeBOrO 

Tennoo6MeHHHKa. ll03TOMY ,IJ;llJI OKOH'IaTellbHOH OUeHKH CXe­

MY CO CTpyHHbiM HaCOCOM uenecoo6pa3HO cpaBHHTb CO 

cxeMoii c ,neTaH,nepoM u MexaHH'IeCKHM HacocoM I puc. 6/. 
llOBbiWeHHe XOllO,IJ;OllpOH3BO,IJ;HTenbHOCTH npH OTBO,IJ;e pa-

6oTbl ,neTaH,nepa L- u ee CHH)KeHue npu no,nBo.ne pa6oTbi 

Hacoca L+ npHBO.IJ:HT K TOMY, 'ITO nonyqaeMble B cxeMe 

CO CTpyHHbiM HaCOCOM napaMeTpbl - TennoBaJI Harpy3Ka 

Q, OOBbiWeHHe TeMnepaTypbl )KH,IJ;KOCTH LlT H Hanop i\ p 

,nocTuraiOTCH npu pacxo.ne C)KaToro ra3a G~, oTnH'IaiOU.\eM­

CH OT G1 , Bbi'IHcneuuoro H3 /6/. )l;nH oueHKH H3MeHeHHH 

pacxo,na C)KaToro ra3a u, B KoHe'IHOM HTore, 

3Hepr03aTpaT MO)KHO BBeCTH K031}JI}JHUHeHT 

a ~ _Qt. = Q + L+ - r:-
GI Q 

y,nenbHbiX 

/9/ 

B 3aBHCHMOCTH OT K.n.,n. MaWHH 3TOT K034>1}JHUHeHT MO)KeT 

6biTb 6onbliie HllH MeHbWe e.IJ;HHHUbl. 
llpu napaMeTpax C)KaToro ra3a p1 = 20.105 H/M 2 

H 

T 
1 

= 5,0-:- 5,5K H K.n.,n. ,neTau,nepa 7011/o 3aBHCHMOCTb a oT 

AT u K.n.,n. MexauuqecKoro Hacoca 7J npe,ncTaBneua Ha 

rpal}luKe puc. 6. Bu.nuo, 'ITO c npuMeHeHHeM cTpyB:uoro ua­

coca MO)KeT 6biTb CBJI3aH ueKoTopblii nepepacxo.n 3Hepruu. 

HanpuMep, npu !\ T=0,25K u TJ = 0,5 nepepacxolJ, cocTaBnJI-

eT 2511/o. 
O,nuaKo, HecMoTpJI Ha BbiHrpbiW B y,nenbHbiX 3Hepro3a-

TpaTax, cxeMa C MeXaHH'IeCKHMH ycTpOHCTBaMH MO)KeT 

He HMeTb 3KOHOMH'IeCKHX npeuMyU.\eCTB. TexHHK0-3KoHo­

MH'IeCKHH aHanH3 noKa3an, 'ITO npuMeHeHue cTpyB:Horo Ha­

coca BBH.IJ:Y ero npOCTOTbl H Ha,IJ;e)KHOCTH ll03BOllJieT CHH3HTb 
pacxo,nbl ua peMOHT u 3KcnnyaTaUHIO o6opy,noBaHHJI, a TaK)Ke 

yMeHbWHTb KanuTanbHble BllO)KeHHJI. B KOHe'IHOM HTore 

3KOHOMH'IeCKHe llOKa3aTenH CXeM CO CTpyHHbiM HaCOCOM 
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Puc. 6. CxeMa c oemaHoepoM u MexaHU'lecKUM HacocoM u ee 
cpaeHumeAbHa.R xapaKmepucmuKa. I - KpuocmamupyeMbiU 
o6"beKm, II - MeXQHU\leCKUU HQCOC, III - c6opHUK xuo-
1<020 zeAu.R, IV - oemaHoep, V - menAoo6MeHHUK. 

H MeXaHH'IeCKHMH ycTpOHCTBaMH OKa3biBaiOTCJI npH6nHJH­

TenbHO O)J.HHaKOBbiMH. 

Me)I(.IJ.Y TeM oa>tmoe npeHMymecTBO cTpyiiHoro Hacoca 

JaKnto'laeTCJI B TOM, 'ITO TaKHe annapaTbl C ODTHManbHblMH 

)J.nH Ka)I()J.OrO DOTpe6HTenH napaMeTpaMH MOryT H3rOTaB­

nHBaTbCH B n1060ii MaCTepCKOH H DOCTaBnHTbCH B O'leHb 

KOpOTKHH CpOK. 0Tna)J.aeT He06XO)J.HMOCTb pa3pa60TKH CnO)I(­

HbiX MeXaHH'IeCKHX YCTpOHCTB, pa6oTaiOil{HX npH TeMnepa­

Type )I(H)J.KOrO renHH, HX HCllbiTaHHH H OCBOeHHH npOMbiW­

neHHOCTbiO. 
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TaKHM o6pa30M, HapH.IJ.Y c HJBeCTHbiMH cxeMaMH, o Ko­

Tophlx .IJ.nH uupKynHUHH )I(H.IJ.KOro renHH npuMeHHIOTCH Me­

xaHH'IeCKHe UHpKynHTOpbl, npH KpHOCTaTHpOBaHHH CBepx­

npOBO)J.Hil{HX MarHHTHbiX CHCTeM MO)I(HO HCDOnh30BaTh CXeMy 

co cTpyiiHhiMH HacocaMH. 
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