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BBE,llEHHE 

KaK H3BeCTHo, npH KpHocTaTHpoeaHHH ceepxnpoBoAR~Hx MarHHTH~x 
CHCTeM KpynHeHWHX yCKOPHTeneH OnTHManbH~MH RBnRDTCR ~HpKynR~HOH
H~e CXeM~/l,2/, B KOTOP~X Tenno OTBOAHTCR B mHAKOCTH~H HnH napo
mHAKOCTH~H nOTOK renHR, npoTeKa~HH B pacnonomeHH~X e6nH3H o6-
MOTOK KaHanax. CpaBHHTenbHO me He6onbWHe OAHH04H~e MarHHT~ Tpa
AH~HOHHO npeAn04HTaDT oxna~aTb nocpeACTBOM norpymeHHR HX B KH
nR~HH renHH. norpymHOH cnoco6 npHMeHHM H AnR CHCTeM npoTRmeH
HOCTbD B HeCKOnbKO AeCRTKOB MeTpOB, OAHaKO npH npoeKTHPOBaHHH 
TaKHX CHCTeM cneAYeT Y4HT~BaTb PRA oco6eHHOCTeH: pa3nH4H~H ypo
BeHb mHAKOCTH B pa3nH4H~X T04KaX nepHMeTpa ycTaHOBKH, cne~H~H-
4eCKHe ycnOBHR pa6oT~ npeAOXpaHHTenbH~X KnanaHOB, 6onbWOH 3a
nac mHAKOro renHR H TPYAHOCTH ero 3BaKya~HH B cny4ae aeapHH. 
PaccMOTPHM HeKoTop~e H3 3THX oco6eHHocTeH npHMeHHTenbHO K ycKo
PHTenD/3< pa3pa6aT~BaeMOMY B na6opaTOPHH B~COKHX 3HeprHH. 

PACnPE,llEnEHHE YPOBHR •HAKOfO fEnHR 
no nEPHMETPY YCKOPHTEnR 

' nycTb B npo~ecce KPHOCTaTHPOBaHHR /pHC.,/ K y4aCTKY nepHMeT
pa AnHHOH L nOABOAHTCR HeKoTopoe KOnH4eCTBO G mHAKoro rt::m'IJ1. 

B o6~eM cny4ae 3TOT noToK MomeT coAepmaTb He6onbWYD AOnD napa x, 
o6ycnoeneHHYD TennonpHTOKOM Ha nyTH oT pe~pHmepaTopa. 06pa3yD
~HHCR nap, TOme B KOnH4eCTBe Q, OTBOAHT.CR C npOTHBOnonomHOH 
CTOPOH~ paCCMaTPHBaeMoro Y4aCTKa. 

,lleHmeHHe napoaoH ~a3~ conpoeo~aeTcR noTepeH AaeneHHR Ha 
TpeHHe. CneAoBaTenbHO, AaBneHHe napoaoH ~a3~ e pa3H~X T04Kax 
Y4aCTKa He MO*eT 6~Tb OAHHaKOBWM. 3Ta pa3HH~a npHBQAHT K 3aBH
CHMOCTH YPOBHR mHAKOCTH OT AnHHW h: h ( z). npoaHanH3HpyeM XapaK
Tep 3TOH 3aBHCHMOCTH. 

I. 

PHc.l 

H3MeHeHHe AaeneHHR B napoeoH 
~a3e MOmHO 3anHCaTb, KaK 

w2 
Pn dz 

dp .. A --
2 dr ' 

/1/ 

rAe A - KO~H~HeHT TpeHHR; p 
nnoTHOCTb napoe renHR; w - cK!l
pocTb ABHmeHHR napa; d r - rHi:\pae
nH4eCKHH AHaMeTp AOnH ce4eHHR 
KPHOCTaTa /cerMeHTa/,npHXOAR~eH
CR Ha napoeyD ~a3y. 



TaK KaK liiHAKaR ~a3a no OCH Z He nepeMe~aeTCR, 3TO H3MeHeHHe 
MomeT 6~Tb 3anHcaHo TaKme 8 8HAe 

dp=-plllgdh. 121 

rAe P lll- nnoTHOCTb liiHAKOCTH, g - YCKOpeHHe CB060AHOro naAeHHR. 
npHpa8HH8aR /1/ K /2/, nony4HM H3MeHeHHe YPOBHR mHAKOCTH Ha 

Y4aCTKe ManoH AnHH~ dz: 

Pn w2 dz 
dh=-.\---

p 2g d • 
/3/ 

lll r on 
CKOPOCTb napo80H ~a3~ HaXOAHM H3 ypaaHeHHR Hepa3pbi8HOCTH W = --( , 

Pn 

rAe 0 n = 0 n< z)- pacxoA napa; f = f ( z) - ce4eHHe cerMeHTa, 3aHRToro 
napoM. noACTa8nRR W 8 /3/, HMeeM 

2 
,\ on dz 

dh=-------(-) ---. 
2gp p r dr 

lll n 

/4/ 

EcnH Tenno8aR Harpy3Ka no AnHHe y4aCTKa pacnpeAeneHa paaHo
MepHo, paCXOA napa On nHHeHHO H3MeHReT~R B 3aBHCHMOCTH OT z: 

/5/ 
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/5/ 8 /4/, nony4HM cneAy~ee 8blpa~eHHe AnR dh: 

2 z J 2 .\ 0 [1-(1-x)- dz db=--------- _______ ::..:...L.. ___ --. 
2 gplllpn r2 dr 

/6/ 

nycTb Ha AnHHe L YCKOPHTenR K H8My nOABOAHTCR KOnH4eCT80 
Tenna Q. EcnH napocoAeP*aHHe Ha axoAe a y4aCTOK paaMo x, a Ha 

Q 
BbiXOAe - eAHHH~e, TO MO*HO 3anHcaTb: 0 • r ( 1_ xt rAe r - TennoTa 

napoo6pa30BaHHR. noACTa8HB 3TO BbiPa*eHHe B /6/, nony4HM ~OpMyny 
AnR paC4eTa 8 OKOH4aTenbHOM 8Hne: 

z 
.\ Q[1-(1-x)L] 2 dl 

dh=- 1-------1 -. 171 
2gplllpn rf(1-x) dr 

nn~aAb Ce4eHHR ( H rHAPaBnH4eCKHH AHaMeTp dr• 3aBHCR~He OT 
YPOBHR *HAKOCTH h, onpeAenROTCR H3 ieOMeTpH4e~HX C006pa*eHHH 

/pHc.2i: r=io 2 -ah H d =!!.,rAe h2 -h-JL ; a-v(A.f...,h2 ; 
4 2 rp 2 2 2 

c{l = arctg _a_; p = c{ID + 2a- CM04eHHbiH nepHMeTp. 
h 2 2· 

conpOTHBJleHHR 

8HCHMOCTH OT KPHTepHR PeHHOnbACa 
. W~Pn 
Re = , rAe 71 - 8R3KOCTb ., 
napa, no H38eCTH~M COOTHOWeHHRM/ 4/: 

64 

Re 

0,3164 

Reo,2s 

Re<2300, 

, 2300<Re<10000, 

0,0032 + -
0
-·-

22
-
1
-, 10 4 < Re < 10~ 

Re0,273 

, 

PHc.2 

PaccMOTPHM pe3ynbTaTbl 4HcneHHoro HHTerpHpo8aHHR ypa8HeHHR /7/ 
AnR YCKOPHTenR AnHHOH L = 50 M H AHaMeTpOM KPHOCTaTa 0 = 0,28 M. 
npeABapHTenbHble o~eHKH CYMMapHOH Tenn080H Harpy3KH AanH 8enH4HHY 
Q= 500 BT. Pe3ynbTaTbl pac4eTa npeACTaaneHbl Ha PHC.3. npH AOne 
napa Ha 8XOAe X= 0,1 ypoaeHb liiHAKOCTH H3MeHReTCR Ha 16 MM- OT 
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PHc.4 

b = 254 MM AO b = 270 MM. 
WeHHe TennOBOH Harpy3KH A 
npHBOAHT K yaenH4eHHO Ab 
npH Q = 750 BT H X = 0,5 aenH4HHa 
Ab AOCTHraeT 34 MM. 3 eKT H3-
MeHeHH~ YPOBH~ B 3TOM ny4ae Ha
CTOnbKO BenHK 0 4TO n BOAMT K He
o6XOAHMOCTH CTaBHTb npoMe*YT04HWH 
cenapaTop, o6ecne4HBa~HH napo
COAep~aHHe Ha BXOAe B y4aCTOK 
He 6onee 0,1, HnH AenHTb nonHWH 
nepHMeTp YCTaHOBKH Ha 4aCTH. 

PeanH3oaaTb AeneHHe TonbKO Ha 
ABe 4aCTH o4eHb npocTo /pHc.4/. 

re~HeBOH YCTaHOBKH /KrY/ no Tpy6e, 
pacnono*eHHOH BHYTPH KPHOCTaTa YCKOpHTen~, nOAaeTC~ B AMaMeT
panbHO npOTHBOnO~O*HY~ T04KY no OTHOWeHH~ K MeCTY OTBOAa napa. 
nap OTBOAHTC~ no ABYM Hanpaa~eHH~M, npH4eM ~HHa Ka*AOro OTBOAa 
COCTaBn~eT nonOBHHY BCero nepHMeTpa ycTaHOBKH. CxeMa HMeeT H 
APYrHe npeHM~eCTBa:np~MOH nOTOK nepeA BWXOAOM H3 nOAa~eH Tpy-
6w B KPHOCTaT AOnOnHHTenbHO KOHAeHCHpyeTC~**, HeT Heo6XOAHMOCTH 
B KaKHX-nH6o neperOPOAKaX BHYTPH KPHOCTaTOB. 

Ha pHc.5 cpaBHHBa~Tc~ pe3ynbTaTw pac4eTOB ~~ y4aCTKOB c non
HoH/ L = 50 M/ H no~oBHHHOH I L = 2 5 M/ A~HHOH . KaK BHAHO H 3 pH
CYHKa, B nonOBHHHOM BapHaHTe H3MeHeHHe YPOBH~ Hecy~eCTBeHHO 
Aa*e npH x = u,~. 

PHc.6 Hnn~cTpHpyeT, KaK H3MeH~eTc~ ypoaeHb *HAKOCTH no Mepe 
HanonHeHH~ KPHOCTaTa npH L =25M. noaepXHOCTb *HAKOCTH.OCTaeT
C~ n04TH ropH30HTanbHOH BnnoTb AO b = 270 MM. 3TO rapaHTHpyeT 
He TOnbKO HaAe*HOe norpy*eHHe BCeX MarHHTOB, HO H OTCyTCTBHe 
BwnneCKHBaHHH *HAKOCTH no Tpy6onpOBOAY o6paTHOro noTOKa B YCTa
HOBKY KrY. 

Ha PHC.),5 H 6 npHBeAeHW pe3ynbTaTW, COOTBeTCTBY~He TeMne
paType KPHOCTaTHPOBaHH.R 4,5K. npH nepeXOAe Ha 6onee HH3KY~ TeM
nepaTypy, HanpHMep ),8K, 3~eKT H3MeHeHH.R YPOBH.R ycHnHBaeTC.R 
/pHc.7/. 3To o6ycnoaneHO yMeHbWeHHeM nnOTHOCTeH napa H *HAKOCTH 
17/. TaKoe yaenH4eHHe Ah He no3BOn.ReT ocy~ecTBHTb KpHo-

* BnonHe aepo~THO, 4TO Ten~onpHTOKH COCTaB~T BenH4HHy, KOTO
pa.R 6onbWe pac4eTHOH, no3TOMY CHCTeMa KpHOCTaTHPOBaHH.R AOfl*Ha 
npoeKTHpoaaTbC~ c onpeAeneHHWM 3anacoM. 

•• AaaneHHe a Tpy6onpoaoAe np.RMoro noToKa 6o~bwe, 4eM AaBneHHe 
B KPHOCTaTe, cneAOBaTenbH0 0 TeMnepaTypa npoTeKa~eH B HeM napo
*HAKOCTHOH CMeCH BWWe, 4eM TeMnepaTypa *HAKOCTH B KpHOCTaTe. 
3Ty pa3HOCTb TeMnepaTyp MO*HO HCnOflb30BaTb Afl.R OTBOAa Tenna OT 
np.RMOro nOTOKa, T.e. Afl.R AOnonHHTe~bHOH KOHAeHCa4HH. 

& ,f ·-, 
l:'--

14--

az q, 
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PHc.5 

Q4 as 411 Ql Ql ,, IQ 1/t 
VG. 

ll•2Xl Bnr, L ·25,... X ·41 
.A 

PHc.6 

q4 Ql Ql 

~~~~~=======b~ .... -- ..,.._,._ ---, ______ _ 
:X-45 

PHc.7 

CTaTHPOBaHHe npH 3,8K Aa*e H B nonoBHHHOM aapHaHTe: Tpe-
6yeTC.R pa36HTb nepHMeTp ycTaHoBKH Ha 6onbwee 4eM ABa 4Hc
no y4aCTKOB. 
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OC06EHHOCT~ PAC4ETA nPEAOXPAH~TEnbHO~ C~CTE~ 

B ropH30HTanbHOM KPHOCTaTe YCKOPHTenR /B OTnH4He OT o6~4H~X 
norpy*H~X CHCTeM/ COAeP*HTCR 04eHb Mano napOB renHR. 06aeMHaR 

v 
AOnR napa {3 = n , rAe V0 H V lK - 06aeM~ COOTBeTCTBeHHO 

v0 + vlK 
napOBOH H *HAKOH ~a3 - B 3aBHCHMOCTH OT ypOBHR 3anHBKH KPHOCTa
Ta noKa3aH~ Ha pHc.8. EcnH, HanpHMep, ypoeeHb *HAKOCTH COCTaB
nReT 80% AHaMeTpa KPHOcTaTa, To senH4HHa f3 pasHa ecero 0,11. 

Q2 

a1 

PaccMOTPHM npo~ecc aeapHHHoro 
jS noe~weHHR AaeneHHR, npoHCXOAR~HH 

HenocpeACTBeHHO nepeA cpa6aT~ea
HHeM c6pocHoro npeAoxpaHHTenbHo
ro YCTPOHCTBa. 3TOT npo~ecc HAeT 
npH nocTORHHOM o6aeMe H, cneAo
BaTenbHO, B AHarpaMMe AaBneHHe -
YAenbH~H o6aeM /pHc.9/ ~ao6pa*a
eTcR BepTHKanbHOH nHHHeH. npo~ecc 

noe~weHHR AaeneHHR Ha AHarpaMMe 
o6oaHa4eH T04KaMH 1 H 2. KpoMe 
Toro, Ha AHarpaMMY HaHeceHa neeaR 
norpaHH4HaR KpHBaR (fj = 0) H nHHHH 
OAHHaKoeoro o6aeMHoro napocoAep
*aHHR. ~3 PHCYHKa BHAHO, 4TO H30-Puc,8 
V-nUnO \lft.Ofti .. IIOU140 "-.ftnOIIII .. -~'"-

1'"'-r"''-- "'--···· ·-····- ............. - •••••• ''t"''' 

BOAHT K yMeHbWeHHD 06aeMHOro napoCOAeP*aHHR, T.e. K pocTy ypoe
HR *HAKOCTH * . TaK, npH Ha4anbH~x napaMeTpax T = 4, SK H {3 = 
= 0,11 B T04Ke 2, COOTBeTCTBY~eH AaBneHHD 1,75 6ap, BeCb o6aeM 
KPHOCTaTa 3aHRT *HAKHM renHeM. 

3~eKT POCTa YPOBHR *HAKOCT~ Tpe6yeT H3MeHeHHR nOAXOAa K pac-
4eTy nn~aAH npoXOAH~x ce4eHHH npeAoxpaHHTenbH~x ycTpoHCTB. Kor
Aa V0 > VlK,pac4eTHa~ cxeMa TPaA~~HOHHa /pHc.10a/. CornacHo 3TOH 
CXeMe KOnH4eCTBO napa, reHepHpyeMoe B KPHOCTaTe onpeAeneHHOH 
BenH4HHOH TennonpHTOKa Q H OTBOAHMOe npeAOXpaHHTenbH~M ycTpOH-

CTBOM, onpeAenReTCR KaK Q~i'= ~, EcnH V
0 

< VlK,4TO COOTBeTCT

eyeT paCCMaTpHeaeMOMY cny4aD, TO npH aeapHH *HAKOCTb MO*eT 3a
HHMaTb BeCb o6aeM KPHOCTaTa, T.e. Ce4eHHe npeAOXpaHHTenbHOro 
ycTpoHcTea oKaa~aaeTcR nepeKPWT~M *HAKOCTbO /pHc.106/. B 3TOM 
cny4ae KonH4ecTBO napa, KOTopoe reHepHpyeTcR a KPHOCTaTe, oc
TaeTCR npe*HHM, OAHaKO OTBOAHTCR *HAKOCTb. npH4eM AnR TOro, 4T0-
6~ AaBneHHe B KpHOCTaTe He noawwanocb, o6aeMH~H paCXOA OTBOAH
MOH *HAKOCTH AOn*eH 6~Tb paeeH o6aeMy reHepHpyeMOro napa. 0Tco-

* PoeT ypoeHR *HAKoro renHR npH noewweHHH AaBneHHR a KPHOCTa
Te HeOAHOKpaTHO Ha6nOAancR HaM~ B XOAe pa3nH4H~X 3Kcnep~MeHTOB. 

6 

i 

r 

P,6ap 

PHc.9 

Puc.IO 

XJfAK. Q plK 
Aa cneAyeT 0 0p =--. KaK noKaaweaoT pac4eTw, nnC>~QaAb ce4e-

HHR npeAOXpaHH~enbH~~~CTPOHCTB AnR OTBOAa *HAKOCTH B KOnH4ecT-
XJfAK . 

Be 0 ·c~eCTBeHHO 6onbwe, 4eM AnR OTBOAa napa, reHepHpyeMOrO 
TennJWp~TOKOM Q.AeHCTB~TenbHO, B ~OpMyne AnR pac4eTa rHAPaBnH

. 2 
4eCKOrO ConpOTHBneHHR ~p = '.J!..:!.__ B o60HX cny4aRX CKOPOCTH OAH-

2 
HaKOB~, T.K. OAHHaKOBW 06aeMHWe paCXOAW B~TeKa~HX cpeA, a nnoT-
HOCTb ysenH4HBaeTCR OT p0 AO p lK. 



3AKJ104EHHE 

npoBeAeHH~H aHanH3 noKa3an, 4TO 
1/ npH HCnonb30BaHHH norpy*HOH CHCTeM~ KpHOCTaTHpOBaHHH CBepx

npOBOAH~HX MarHHTOB yCKOpHTenH AnHHOH B HeCKOnbKO AeCHTKOB MeT
poe · cneAyeT y4HT~BaTb, 4TO ypoeeHb *HAKOro renHH Mo*eT cy~ecT
eeHHO pa3nH4aTbCH B pa3H~X T04KaX nepHMeTpa YCTaHOBKH; 3~~eKT 
H3MeHeHHH ypOBHH yMeHbWaeTCH, ecnH pa36HTb nonH~H nepHMeTp yc
TaHOBKH Ha 4aCTH H KPHOCTaTHPOBaTb HX He3aBHCHMO; npH CHH*eHHH 
TeMnepaTyp~ KPHOCTaTHPOBaHHH 3TOT 3~eKT YCHnHBaeTCH; . 

2/ npH pac4eT~ npeAoxpaHHTenbH~x ycTpOHCTB AnH c6poca renHH 
6onbWOe 3Ha4eHHe HMeeT H30XOPH~H npol.leCC nOA"beMa AaBneHHH • 
npeAWeCTBY~HH MOMeHTY cpa6aT~BaHHH _npeAOXpaHHTenbHOH CHCTeM~; 
e pe3ynbTaTe TaKoro noA"beMa ypoeeHb *HAKOCTH pacTeT H 3aKp~eaeT 
npOXOAHOe Ce4eHHe AnH napa. 3TOT npol.leCC MO*eT 6~Tb H TaKHM, 
4To B KOHLie ero HC4e3aeT napoBaH ~a3a, T.e. KPHOCTaT nonHOCTb~ 
3anHT *HAKOCTb~. 

AeTop~ e~pa*a~T 6naroAaPHOCTb np~eccopy A.r.3enbAOBH4Y, 
npo4HTaBWeMy pa60TY B PYKOnHCH H CAenaeweMy PHA Ba*H~X 3aMe4a
HHH. 
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Aranoa H.H., CyxaH08a A.K. 8-83-702 
Oco6eHHOCTH KPMoo6ecne~eHHR ycKOPHTe~R 
CO caepxnpoBOA~MMH MarHHTaMH, norpy*eHHWMM 8 KMn~MM re~MM 

PaCCMOTPeHW OCo6eHHOCTM KPMOCTaTMP08aHMR YCKOPMT~A C norpy.eHHWMM 
8 KMn~HM re~MM C8epxnP080A~HMM MarHHTaMM. noKa3aHO, ~TO ypoaeHb *HAKOrO 
re~MR MO*eT C~eCTBeHHO pa~M~aTbCA 8 pa3nM~HWX TO~KaX nepMMeTpa yCT8HOBKM. 
3TO BW3BaHO rHAPa&nM~eCKMM COnPOTM&neHMeM OTBOAMMWX nap08. npMBOAMTCA ypaa
HeHMe AnR pac~eTa ypoBHA *MAKOrO renMA M peaynbTaTW ero ~MC~eHHOrO MHTer• 
PMPOBaHMR. noKa3aHO, ~TO ~KT H3MeHeHMA ypo&HA MO*HO yMeHbWMTb paa5MBKOM 
nO~HOrO nepMMeTpa YCTaHOBKM Ha ~aCTM. 3TOT ~eKT YCMnMaaeTCA npM CHM*eHMM 
TeMnepaTypw KPMOCTaTMpo&aHHA. AHa~M3MPYGTCA oco6eHHOCTM pac~eTa n~oxpa• 
HMTe~bHWX YCTpoMCT8. noKa3aHO, ~TO npM TaKOM pac~eTe 5onbwoe 3Ha~eHMe MMBeT 
M30XOPHWM npouecc nOA~eMa AaB~eHMA, nPBAWBCTB~MM cpa5aTWBaHMO n~oxpaHM 
Te~bHOM CMCTeMW. 3TOT npouecc npM80AMT K nOBWWBHM~ YPOBHR *MAKOrO renMR 
M, KaK Cn&ACTBMe, ~aCTM~HOMY MnM nonHOMY 3aKpWTMO npoXOAHWX Ce~eHMM AnA 
napa. 

Pa5oTa awnonHeHa a na6opaTOPMM awcoKHX 3HeprHM OMRH. 

Agapov N.N., Sukhanova A.K. 
Special Properties of the Refrigeration of an Accelerator 
with a Superconducting Magnets Immersed 
into Boiling Liquid Helium 

8-83-702 

Some special properties of the refrigeration of an accelerator with 
a superconductlng magnets immersed into boiling ll"quid helium are consi
dered. It is shown that the level of liquid helium can be significantly 
varied along the length of the accelerator. This is due to a hydraulic 
resistance of the removed vapours. An equation for calculating the level 
of liquid helium and results of its numerical lntegratl~n are presented. 
It Is shown that the effect of varying the level can be decreased by dl- · 
vldlng the total perimeter of the accelerator Into parts. This effects 
becomes stronger with decreasing the temperature of refrigeration. Special 
features of calculation of safety devices are analysed. It Is shown that 
the lsochorlc process of pressure increases, which precedes the safety 
action, Is of Importance for such a calculation. This process leads to In
creasing the level of liquid helium and, as a consequence, to a partial 
or full closing of the sections for vapour passage. 

The Investigation has been performed at the Laboratory of High 
Energies, JINR. 
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