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Py6BH C.E. pg - 11769 

CaMocornacoaaBBoe paccMoTpeBBe aanaqa 06 ycxopeHBH 
B pe30H8Tope aneKTpOBBOro crycTKS C 6onbWBM 38plI.ClOM 

Ha npuMepe HCCnenoaSHHB QBHlK8HHB nnOTHOro cryCTKS aneKTpOHOB B pe-
30BaTope, a o6LeMe KOToporo •3anaceao cTopoHHee none•, o5cy>KnaeTca 
aonpoc 06 aaepreTaqecxoM o5ecneqeBBH ycxopeaua. B caMocornacoaaaaoi! 
IlOCT8HOBKe yqHTMB88TCB H3M8H8HH8 CKOpOCTH QBHlK8HBB crycTKa, B036yJKneH
H08 BTOpHqHoe H HaaeneHBOO IlOT8HDHanbH08 nona. TaKHM nyTeM npocneJKH
s.aeTCB npouecc oT6opa aBeprH11 cTopoaaero nona, pacxonyeMoi! Ha H3MeHeaue 
KHBeTuqecxoi! aaeprHH cryCTKa, B036y>KQ8HH8 BTOpHqHMX aonH H 'pa60Ty (ao 
apeMa nepexonHoro pe>KHMa) npoTHB CHn noTeHUHanbHoro nona•. 

llnu peweHHB 3anaqH Hcnonb30Bancu xnaccHqecKHH MeTOA
0

pa3no>KeHHB 
nonu. llanee COBM8CTHO pewanHCb qHcneHHO MeTOQOM Pyare-KyTTa ypaBH8HHB 
OCUHnnBTOpOB nona H ypaBH8HH8 QBHlK8HHB cryCTKa. 

PacqeTM IlOK83anH B03MOlKHOCTb ycToi!qHaOro ycKopeHHB B A9aonbHO 
KPHTHqHblX ycnOBHBX, Korna 3anaceHH8B aueprllB CTOpOHHero nong cpaBHHMa 
c. aaeprHei! aneKTpOCTaTHqecKoro nonu crycTKa a pe3oHaTope H KOrAa a npo
aecce ycxopeHH.B TpaaccpopMHpyeTCB 6onee 50% 3anaceaaoi! aaeprHH. 

Pa6oTa Bhlflonaeaa a 0Tnene BOBblX M8TOQOB ycxopeHHB 01-HIH. 

Coo6weaae 06L8ltHH8HHOro HHCTHTyTa l!ll8pHblX accneaoaaHHi!. Ily6Ha 1978 

Rubin S.B. pg - 11769 

Self-Consistent Consideration of the Problem 
of Energy Storage for Acceleratoration in a . Resonator 
of Big Charge Electron Bunch 

The problem of energy storage ,for acceleration is considered 
due to the · investigation example of the motion or' the dense electron 
bunch in cavity in the volume of which the external field has 
been stored. This problem is looked upon as self-consistenti the 
velocity change of the bunch motion, excited secondary and induced 
potential fields • are taken into account. The process of the energy 
elimination of the external field consumed for the kinematic bunch 
energy, the excitation of the secondary waves and "the operation 
(during the transient regime) against the forces of the potential field" 
are followed. A classical method of the field decomposition has 
been used. The Runger-Kutta equations of the field oscillators and 
the bunch motion equation have been jointly calculated. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1878 061,eJ1BHeHHblil BHCTBTyT smepHblJC BCCne110BBHHil 0.y6Ha 

B CBJl3H C IlOBbIWeHHeM HHTeHCHBHOCTH nyqKOB B yc

KOPHTenax IlpHXO.AHTCJI y,I\enJITb 3HaqHTeJibHOe BHHMaHHe 

BonpocaM BJIHJIHHJI co6CTBeHHoro Il0JIH ycKopaeMoro IlJI0T
Horo IlOT0Ka qaC'I'HU HJIH cryCTKa C 60JibWBM cyMMapHbIM 
3apa,I\0M Ha c.aM npouecc ycKopeHua. Oco6o ea:>KHoe 3Haqe
HHe npno6peTaeT aonpoc 06 3HepreTnqecKoM o6ecneqeHHH 
ycKopeHH.H. 

,D;na nonyqeHHH nonen, CilOCOQHbIX YCK0PHTb crycT0K 
C oqeHb 60JiblllHM 3apa,D,0M ,D,0 peJI.HTHBHCTCKHX CI<OpOCTen, 
YCKOPHTeJibHbIH TpaKT ,D,OJDKeH 6bITb B npHHUHile npocTpau
CTBeHHO HeO,D,HOPO.D.HbIM. Ilpn ,D,BIDKe1rnH cryCTKa B ycKoparo

llleH cTpyKType 3Heprna ero B03pacTaeT 3a cqeT pa6oTLI 
BHewHero nom1. B TO >Ke epeMH qacTb ee TepaeTca Ha H3ny
qeHHe npn yc1<0peHHH H Ha ao36Y:>K.I\eHne "eTopuqHoro nona", 

I • 
T.e. Ha KorepeHTHOe H3nyqeHHe TOKOB, HaBe,D,eHHbIX noneM 

,D,BH:>Kymeroca cryCTKa Ha He0,D,H0P0AH0CTHX CTPYKTYPbI *. 
-B 6onbWHHCTBe cnyqaea /cM., Hanp., o63op 111 I uc

XO.D.HbIM npe,D,IlOJIO>KeHHeM ,D,JIJI pacqeTOB BTOpHqHoro IlOJIJI 

aenaeTca "npu6nH>KeHue" 3a,D,aHHoro TOKa". OueHKII nony
qaroTc.H.H3 TeX coo6pa>KeHHH, qTo npHp0CT 3HeprHH crycTKa 
nponopuuoHaJJeH ero nonHoMy 3apa,I\y, a noTepu Ha KorepeHT
Hoe H3JlyqeHBe - KBa,D,paTy 3apa,D,a. Ilo,D,cqeT 3HeprHH 
BTOpHqHoro IlOJIJI npH 3a,D,aHHOM 3aKOHe J];BH>KeHH.II HCTOqHu

Ka He npe;:i;cTaenaeT npHHUHilHaJlbHblX 3aTpy,D,HeHHH ** , 
0,D,HaK0 npH TaK0M Il0,D,X0,D,e~ KOTOpbIH cl>aKTHqecKH 11em1eTCJI 

*IlepeXO,I\HOe H qepeHI<OBCKOe H3JlyqeHHe. 
** TeM He MeHee ,B 6om,WHHCTBe cnyqaee Tpe6yeTca 

qpe3BblqanHo rpoM03,D,Kaa aHanHTHqecKas u qucnoeaa pa-
6oTa. 
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npHMeHeHHeM TeOpHH B03MYllleHHH, nonytlalOTCH nHWb aepx
HHe HnH HH:lKHBe ou;eHKB Heo6XO,Il,BMOrO ,Il,nH ycKopeHHH 
3anaca 3HeprHH. HHor,IJ,a 3To Mo:lKeT npHaecTH K Heonpaa
,IJ,aHHOMY y:lKeCTO'tfeHHIO TeXHH'tfeCKH ,zi;onyCTHMOH CHTyau;BH. 

IIpocne,zi;uTb no,D,po6Hee 3a peanbHblM npou;eccoM nepe
,zi;aqH 3HeprHH OT CTOPOHHero nonH K YCKOpHeMOMY crycTKY 
3Ha'tfBTenbHO cnO:lKHee. XOTH B OCHOBe npou;ecca ne:lKaT 
B TeopeTH'tfeCKOM OTHOWeHBH CTporHe 3aKOHbl - TeopeMa 
YMoaa-IIoiiHTHHra. B HHTerpan 3HeprHH ypaBHeHHH ,Il,BB)Ke
HHH, cno:lKHOCTb HX HCnonb30BaHHH 3aKnroqaeTCH B Heo6-
XO,Il,HMOCTH 3a,Il,aHHH 6onee HnH MeHee 4>B3H'tfeCKH npaa,zi;o
no,IJ,06HbIX Ha'tfanbHbl:X:. ycnoBHH, npu KOTOpblX MO:lKHO 6bmo 
6bl OTKa3aTbCH OT npHMeHeHHH TeopHH B03MyllleHHH • 

Ilpu OT6ope cryCTKOM 3Hepr.BH CTOpOHHero nonH, KOr,Il,a 
KOnH'lfeCTBO 3anaceHHOH 3HeprHB ero· B KaKoii-To Mepe 
cpaBHBMO, HanpuMep, C 3HeprHeii, 3aKnro'tfeHHOH B 3neKT
pocTaTH'tfeCKOM none crycTKa *, cTopoHHee none B3Me
HHeTCH ,Il,OBOnbHO CHnbHO. B 4>opManbHOM OTHOWeHBH 3TO 
H3MeHeHHe 4>nKcHpyeTCH a ypaaHeHHHX MaKcaenna, cne,zi;
CTBHeM KOTOpblX J:IBnHeTCH . Teopeida IIOHHTHHra, a 4>H3H
qeCKH Bblpa:lKaeTCH B qacTH'lfHOM "noraweHHH" CTOpOHHero . 

. nonJi B03HHKWHMH BTOPH'lfHblMH nonHMH. BcnH 6bl 3TH 
'.nonH, KOTOpble Ha30BeM "Harpy3KOH YCKOl)JIIOllleii 

CHCTeMbl"' He B03HHKanH, TO He"H3MeHHblM OCTanOCb 6bl 
cTopoHHee none. Ilo3T<>MY aenuquua Harpy3KH KaK 6bl 
onpe,zi;enHeT B03MO:lKHOCTb · oT6opa 3Hepruu ycKopHeMblM . ** '· . 
crycTKOM H3 BHewHero nonJI , 

* BBH,Il,Y KpaiiHero ycno:lKHeHHH 3a,zi;aqu HeB03MO:lKHO 
o6cy)K,Il,aTb 3,Il,eCL nocTaBneHHLie aonpocLI C yqeTOM Tex, 
KOTOpLie CBJI3aHbl C nepeHOPMHPOBKOH Mace qacTHD; crycT
Ka, H T.n. Be3,zi;e paccMaTpuaaeTcH KaK u;enoe crycToK, 
Hecymuii N -KpaTHLIH 3apH,I1, 3neKTpoHa· H HMelOlllHH KOHeq
HLIH pa3Mep. CooTBeTCTBYIOIUHM o6p_a30M MO:lKH,O no,zi;cqu
TaTL 3Hepruro ero 3neKTpocTaTu'tfecKoro nonJI H Ha6nro,zi;ae
MYIO Maccy,T.e. npe,zi;noJiaraeTcJI,'lfTO Macca a·xo,zi;J1~X a 
cryCTOK qaCTHD; y:lKe KaK 6LI nepeHOPMHpOBaHa, a "B3aHM
HaJI 3neKTpOMarHHTHaJI Macca" He Y'lfHTLIBaeTCH, CM. /2-4/, 

** TaK , -HanpuMep, npu ycKopeHHH B nepHO,Il,H'tfeCKOH 
CTPYKType CyllleCTBeHHOe B3aHMO,Il,eHCTBHe C YCKOpJ1IOI1leii
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BOnHOH B03MO:lKHO, .ecnu ·TonLKO 4'a3oaaJ1 CKOPOCTb ee 
coana,zi;aeT co CKOpOCTLIO crycTKa. Ho 3TO 03Ha'tfaeT, 'lfTO 
O,Il,HOBpeMeHHO BblnonHeHO ycnoaue ,Il,nJI B03HHKHOBeHHJI qe
peHKOBCKoro H3nyqeHHH Ha 3TOH qacToTe. 

4 . 

Ilpu nonHoii nocTaHOBKe 3a,zi;aqu, KOTopyro Ha3oaeM "caMo
cornacoaaHHoii", Y'lfHTLIBa10l1leii Ha'tfanLHble ycnoaHH, u3-
MeHeuue Harpy3KH H CKOPOCTH ,Il,BH:lKeHHH cryCTKa, none 
Harpy3KH B HaqanLHLIH MOMeHT ,Il,OJDKHO C'lfHTaTbCJI KaKBM
TO o6pa30M H3BeCTHblM, T .e. 3a,Il,aHHLl}4 OTnH'lfHO OT CTOpoH
Hero nonH H nonH "HeCOMOro caMHM cryCTKOM". 

B pa6oTe / 5/Ha OCHOBaHHH KnaccuqecKOH MeTO,Il,HKH 
pa3nO:lKeHHJI ypaBHeHBH 3neKTpO,Il,HHaMHKH no ocu;unnHTOpaM 
nonH /cM. /6,7 / /, paccMaTpuaanacL Mo,IJ,enLHaH 3a,zi;aqa 
o caMocornacoaaHHOM B3aHMo,zi;eiicTBBH crycTKa c pe30-
HaTopoM, a KOTopoM 6Lino 3anaceHo ycKop.11101llee none. 
Cno:lKHOCTb 3a,zi;aq no,zi;o6Horo po,zi;a cBJ13aHa c TpeMJI 06-
CTOJITenLCTBaMu .• 

1/ Heo6XO,Il,HM Ha6op co6CTBeHHLIX 4>YHKD;BH, OTBe'tfalO
~x ,zi;aHHoii CTPYKType. B 6onee unH MeHee peanLHblX 
cnyqagx 3TH 4>YHKD;HH He MOryT 6LITL nonyqeHLI B aHanu
TH'tfeCKOM BH,Il,e, TaK 'lfTO npHXO,Il,HTCJI pa3pa6aTLIBaTL 'lfHC
neHHble cnoco6LI BX onpe,zi;eneHHJI u xpaHeHHJI COOTBeTCTByro
~x ,zi;aHHLIX B naMJITH MaWHHLI. 

2/ ,ll;nJI Ha,IJ,e)l<Horo aHanH3a 3a,zi;a'lfH, oco6eHHO a penJ1-
THBHCTCKoii o6naCTH ,Il,BH:lKeHHH, qucno qneHOB ,Il,On:lKHO 
6LITL aenHKO. 3TO 'lfHCno pacTeT c yaenu'tfeHHeM penH
THBHCTCKOro 4>aKTOpa. 

3/ KaK 6Lino .11 cKa3aHo, caMocornacoaaHHOCTb 3a,zi;aqu 
no,zi;pa3yMeaaeT xoTJI 6LI 6onee unH MeHee npaa,zi;ono,zi;o6-
Hyro nocTaHOBKY HaqanLHLIX ycnoBHH, HaKna,Il,LIBaeMLIX B 
,zi;aHHOM cnyqae Ha ocu;unnJITOPLI nonH. 

B pa6oie/5/ paccMaTpuaancJ1 aneT crycTKa /npoHuK
HOBeHue qepe 3 Topu;eayro CTeHKY / B . 3aMKHYTLIH u;unuH
,zi;puqecKHH pe30HaTop H ucnonL30BanHCL COOTBeTCTBYIO~e 
4>YHKD;HH. TaK KaK ,Il,O MOMeHTa aneTa BHyTpeHHUI o6nacTL 
pe3oHaTopa 6Lina 3KpaHupoaaHa OT nonJI crycTKa, TO 

I Ha'lfanLHLie ycnOBHH ocu;HnnHTOPOB nonH /KpOMe O,Il,HOfO, 
KOTOPbIH COOTBeTCTBOBan B036y:lK,Il,eHHOMY 3apaHee CTOpoH
HeMy nonro/ npHHHManHCL HyneBLIMH. IIonHaJI CHCTeMa 
ypaaHeHHH 6Lina CBe,Il,eHa K O,Il,HOMY HHTerpo,zi;H4>4>epeHu;H
anLHOMY ypaBHeHHIO, cnO:lKHOCTL KOTOporo He n03BOnHna 
npoaecTH no,zi;po6Horo aHanu3a. IIonyqunHcL TonLKO non
paBKH K 3aKOHY ,Il,BH:lKeHHH, T.e. BHOBL npHwnocL B03Bpa
THTLCJI K TeOpHH B03MYllleHHH. O,zi;HaKO H3 CTporHX COOTHO
weHHH /a npe,zi;enax .z:i;a1rnoii nocTaHOBKH/ 6Lina ou;eHeHa 
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npoeTpaHeTBeHHa» o6naeTL, HJ KOTOpoii a ynLTpapen»TH
BHeTeKOM enyqae eryeTOK Mor 6bl OT6HpaTL :meprHIO 
eTopoHHero non». 3Ta o6naeTL eoana.n.aeT e "o6naeTLJO 
paenpoeTpaHeHH»" noneii, aoJ6y)K,D.eHHLIX eryeTKOM K Mo
MeHTY BLineTa ero HJ peJoHaTopa. OHa onpe.n.en»eTe» 
ene,D.ylOID;HMH HepaaeHeTBaMH 

0 < r < r - + D//3, 
- - 0 

O<Z<D, /1/ 

r.n.e D - npo.n.onLHLIH paJMep peJOHaTopa, r o - pa,D.Hye 
eryeTKa. TaKHM o6paJoM, a npoueeee yeKopeHHH eymeeT
BeHHoe JHa'leHHe npuo6peTaeT nHillL Janae 3HepruH eTo
poHHero non», HMe10muiie» B 3TOH "o6naeTH BJaHMO,D.eiieT· 
BHH"' a He 06ID;HH Janae B nonHOM o6'LeMe peJOHaTopa. 

B eBHJH e orpaHH'leHHOeTLIO noeTaHOBKH Ja,D.a'IH 5/5/, 

enO)KHOeTLIO HenonLJOBaHHH MeTO,D.a paJnO)KeHHH B 6onee 
peanHeTH'leeKHX noeTaHOBKaX, B pa60Te /8/ 6Lina- e,D.enaHa 
nonLITKa np»Moro 'IHeDeHHoro peUleHHH ypaBHeHHH MaKe· 
Denna eoaMeeTHO e ypaBHeHHeM .D.BH)KeHHH eryeTKa MeTO,D.OM 
KOHe'IHLIX paJHOeTeii. CHOBa paeeMaTpHaane» JaMKHYTLIH 
/B ,D.aHHOM enyqae KOaKeHanLHLIH/ peJOHaTop e JanaeeH· 
HLIM eTopOHHHM noneM, B KOTOpOM, O,D.HaKo, eryeTOK 
B BH,D.e KOnLu;a B HaqanLHLIH MOMeHT to HaXO,D.HTe» B noKoe 
BHYTPH peJOHaTopa, T .e. e'IHTanoeL, 'ITO npH t < to BJa
HMO,D.eiieTBHe e Jap»,D.OM 6hrno "BLIKJllO'leHo". MO)KHO noKa
JaTL, 'ITO eenH BKnlO'IHTL BJaHMO,D.eiieTBHe B TaKOH MOMeHT 
t 0 , Kor.n.a 3HeprH» eTopOHHero non» ae» eoepe.n.oTo'leHa 

B ero MarHHTHOH KOMnoHeHTe, TO npH t > to nonHoe none, 
T.e. eTaTHeTH'leeKoe none eryeTKa BHYTPH peJoHaTopa 
H eTopoHHee none OKaJLIBaIOTeH eornaeoaaHHLIMH. CymeeT· 
BeHHO, 'ITO enoeo6 pellleHHH noJBOnHeT paenpoeTpaHHTL 
Ja,D.aqy Ha 6onee enO)KHLie eTpyKTYPLI, HanpHMep, ,D.BH)KeHHe 
qepeJ HeeKOnLKO noene,D.OBaTenLHO eBHJaHHblX peJoHaTopoa 
H T .n. O.n.HaKo e.n.enam1L1e a pa6oTe /s/ 'IHeneHHLie pae'leTLI 
He noJBOnHnH npo,IJ.BHHYTLeH B ,D.OeTaTO'IHO HHTepeeHyIO 
a qlHJH'leeKOM OTHOUleHHH o6naeTL. IlpH qJHKeupoaaHHOM 
Janaee 3HeprHH eTopoHHero non» e yaenH'leHHeM N /Jap».n.a 
eryeTKa/ TO'IHOeTL pellleHHH peJKO na.n.ana. 

4T06LI BHeeTH »eHoeTL B aonpoe - HBn»eTeH nH npH'IH
HOH 3TOro HeKoppeKTHOeTL B noeTaHOBKe Ja,D.a'IH /aKnroqe-

6 

HHe BJaHMO,D.eiieTBHH H T . .IJ../ HnH He,D.OeTaTKH 'IHeneHHoro 
MeTo.n.a eqeTa, HH)Ke Ta )Ke Ja,D.a'la, 'ITO H B /s~pelllanaeL 
MeTO,D.OM paJnO)KeHHH. O.n.HaKO, B OTnH'IHe OT/5/,0Ka3anoeL 
Y.D.06HLIM BMeeTO npHBe,D.eHH.ll K HHTerpO,D.HqJqlepeHD;HailLHOMY 
ypaaHeHHIO pelllaTL eoaMeeTHYIOCHeTeMy ,D.HqiqiepeHnHanLHblX 
ypaaHeHHii 'IHeneHHo Ha 3BM MeTO.D.OM PyHre- KyTTa. 
IIony'laIOTeH yeTOH'IHBLie pemeHHH /HeeMOTpH Ha 6onLmoii 
nop»,D.OK eHeTeMLI/, KOTOpble noJBOnHIOT paeeMOTpeTL <l>H
JH'leeKylO euTyanHIO .n.n» JHa'leHHH napaMeTpOB, npeaoe
XO,D.HID;HX Te npe.n.enLHble peJynLTaTLI, KOTOpLie npuao-
,D.HnHeL B /Bl. . 

PaeeMaTpHBaeM KOaKeuanLHLIH peJOHaTop e H,D.eanLHO 
npOBO.IJ.HIUHMH eTeHKaMH. PaJMepLI peJoHaTopa H eryeTKa 
ene.n.y10mHe: R 2 - BHemHHii pa.n.Hyc peJoHaTopa, R 1 - pa.n.Hye 
BHyTpeHHeii Tpy6LI, D - ,D.nHHa peJoHaTopa H Tpy6LI. Ha'lano 
eHeTeMLI KOOP.D.HHaT r, ¢,z coana.n.aeT e neBLIM TOPUOM 
peJoHaTopa. CryeTOK HMeeT <l>opMy Topa np»MoyronLHoro 
ee'leHHH, b - BHelllHHH, a - BHyTpeHHHH pa,D.HyeLI Topa 
(a> R J , 2h - TOnID;HHa Topa no oz. BHyTpH peJOHaTopa 
B0.~6y~,D.e}lo e;ropOHHee none B BH,D.e eTOH'leii E - BOnHLI 

B a . (E,,_,.,_E =H 8=H 8 == O) 
't' r z r ' 

E~= Bsin(v
1 

ct) Z/r), B -
Hg,= Bcos(v

1 
ct) Z

1
(r), /2/ 

r.n.e 
" 

Ze(r) =N 0 (veR
1
)J

0
(ver) -J0(v£R

1
)N/ver), 

/3/ 
Ze(r) =N 0 (veR

1
)J/ver) -J

0
(v£R

1
)N/ver), 

ve U= 1,2,3, .. -.)-KopHH ypaaHeHH» N
0
(xRtJ

0
(xR2)-NixR2)J0(xR1) dl. 

IlpH t<O erycTOK y.n.ep)KHBanc» Henop;BH)KHO: eHna. BJa
HMO,D.eiieTBHH e noneM BOnHLI H HaBe,D.eHHblMH Jap»,D.aMH 
Ha eTeHKax peJoHaTopa "BLIKnIO'leHa". CTaTH'leeKoe 
/KynoHOBeKoe/ none KOnLna C yqeTOM rpaHH'IHblX ycnOBHH 
Ha cTeHKax peJoHaTopa cymecTayeT ueJaBHCHMO oT non» 
BOnHLI. Ilpu t = 0 BJaHMO,D.eiieTBHe BKillO'laeTeH, H KOnLu;o 
Ha'IHHaeT ,D.BHraTLeH 110.D. .n.eiiCTBHeM CHn co eTopOHLI Bon
HOBoro H KYJIOHOBCXoro noneii. CaMH non» TenepL H3MeH»
IOTe» e0BMeeTHO, o6pa3y.H O,D.110 nonHoe none. 
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Pacnpe,neJieHHe nJIOTHOCTeii 3ap.H,na H TOKa 6epeTC.H 
B BH,ne * 

Po 
j (r,z,t) = vp; p = --[a(r-a)--a(r-b)][a(z-(x(t)- h))--a(z-(x(t) +h)) ], 
z . 27R · 

0 /4/ 

a+ b 
r.ne R = --, x(t) - Koop,nuHaTa :ueHTpa crycTKa, a(z) -

0 2 . . 

~J:{HHHqHa.H ~YHK:UH.H, eN - noJIHbIH 3ap.H,n crycTKa H 

eN 
p O = 

2h(b-a) /5/ 

HopMHpOBaHHbie co6CTBeHHble ~YHK:UIIH 3a,naqH eCTb: 

r. 
A,\= 

z 
iA ,\ = 

mrrz 
v'~

2
cve ~-Se,- (r) sin( - ), . Ze D 

D
3

/
2Aem 

- 2 y 2 7TCVe Sf 

01/,-
fm 

mrrz z e (r) cos(--)' 
D 

z rrc ve Sf y-;-ve Se . mrrz 
A,\ = ---Ze(r), ¢ = · Ze(r) sm(-), 

o 0 1/2 . a vTD 1/2 D 

/6/ 

r.ne (,\;a)=le~ml,Ao=H,ol -MyJibTHHH,neKCbl, e,m = 
1,2·,3 ... 

IJo (R2ve>I 

Se= 2 . ',\elll=aem=vv:+(~")2. 
v'Jo<R1vP.}-J~R2ve) . /7/ 

,*IIpo,npJibHbIH pa3Mep 2h crycTKa cquTaeM coxpa
H.HIOI.QHMC.H B na6opaTopuoii cuc.TeMe ~oop,nuuaT. , 
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IIoTeH:UHaJibl nOJI.H B KYJIOHOBCKOH KaJIH6pOBKe nonyqaIQTC.H 
no o6bJqffbIM ~OpMyJiaM / V - BHyTpeHH.H.H o6naCTb pe3O
HaTopa/ 

-
A(r,t) =I A,\q,\(t), 

,\ 

<ll(r, t) = 4rrIJ p(r',t) 
av 

- -
/8/ ¢ (r) ¢ (r ') _ 

a a (dr) ' 
a2 em 

/B CYMMY no ,\ BKJIIOqeHO cyMMHpoBaHue H no ,\0 /. ,L(JI.H 
q,\ (t) nonyqaIOTC.H ypaBHeHH.H 

·• 2 2 1 - - - mrr x(t) 
q,\ + c ,\e q,\ = - f j-iA,\ (dr) =a,\ /3( t) cos( D ) , r,ne 

m C V 

a,\= 
y8cp0D1/2ve Se Pe . mirh rrcpoSePe i 

sm(-), a,\ = ti , f3(t) = - , 
R0 mAem D O D 2 C 

Pe =No(veR1)[bJ1(veb)-:aJ1(vea)] -

- J
0 

(ve •R 
1
)[,bN 

1
(ve b)- aN 

1
(ve a)]. 

/9/ 

/10/ 

Ilpu t _::; 0 nonepequoro BOJIHOBoro non.H, KpoMe non.H Bon
Hbl, B036y)K,neuuoii Ha rapMOHHKe ,\ 10 ' He 6bIJIO. II03TOMY 
uaqaJibHble ycnoBHH ,nn.H /9/ - uyneBhle q AO)= q f> = 0, npu 
,\ t' ,\ lO , ,L(JI.H noJI.H BOJIHbl 

-b 1 · - - - b -
E,\ =--q,\ A (r) H,\ =q,\ rotA,\ (r) 

10 C 10 ,\ 10 ' 10 10 10 

H H3 cpaBHeHH.H C /2/ nonyq11TC.H 

q(O) = 0, q (0) 
,\10 ,\10 

BD1/2 

7TCV 2S 
1 1 

/11/ 

9 



,[t;nH 3aMhlKaHHH CHCTeMhl ypaBHeHHH /9/ cne;:,;yeT ;:,;o6aBHTb 
ypaeHeHHe npo.D,OilbHOro .IJ,BH)KeHHB cryCTKa. IIycTb M =moN
ero cyMMapHaH Macca. Tor;:,;a 

d dx J. 11 M-(y-) =·F + F y = (1-/3 2 )-1/2 
dt dt z z ' • 

/12/ 

.l, II 

r;:,;e .F z ,.F z - CHilhI, ;:,;eiiCTBYIOI.QHe co CTOpOHbl nonepeq-
Horo H npo.D,OilbHOro /KynoHOBCKOro/ noneii. Bhlpa)KeHHB 
.IJ,Il.ff CHn HMeIOT BH.IJ,: 

..!. J.- 1 · z -
F = f p E ( dr) = - - I. q\ f p :A \ ( dr) , 

Z Z C ,\ A A 
V V 

/13/ 

II II - a<IJ -
.F =f pE (dr) =-f p· -(dr). 

z z az 
V V 

/14/ 

Ilocne Bbl'IHCneHHH /13/, /14/ c yqeTOM /8/, /10/, ypae
HeHHe /12/ npuee;:,;eTcB K BH.IJ.Y 

M 2 ( , ) , ...., , ( m11x(,;)) ...., 2m11x(c;) / 51 c x y = - ~ q \ a \ cos --- - ~ (3 sin (---). 1 
,\AA D aa D. 

r;:,;e c; = ct. IIITPHXOM o6o3Ha'leHa npOH3B0.IJ,HaB no c; 
/e /9/ TO)Ke y;:,;o6HO nepeHTH K nepeMeHHOH c; / u 

/3 = em 
411p 2 s 2p 2 

o e e 
R5mafm /16/ 

K / 11/ HY)KHO ;:,;o6aBHTh Ha'laJihHhle ycnoBHB ;:,;ns ypaeHeHHB 
/15/, OHH 6y;:,;yT HMeTb BH.IJ, x(0) = Xo H X(0) =0. O6bI'IHhie 
HHTerpanbI CHCTeMbl /9/, /15/ e npHHBTOH KaJIH6poBKe 
6y.IJ,yT 

& (t) + &i (t) + Mc:2.(y-1) =& 0 + &0 
B. np. B. np. 

&i8 = .!:_ I ( q 2 + c2 ,\ 2 q 2 ) / 17 / 
• 2 ,\ ,\ f m ,\ ' 

2 2 2 
1 - 11 2 4P o0 8 e Pe 

&,np = -
8 

J (E ) (dr} = --- I --sin2 (nm~)sin 2(-~77x(c;l_) 
• 17 v R2 a 2 2 D D ' 

0 m aem 

10 

!j.1 
II ,, 

,j 
t 

t 
Mc2 (y-1)=fdtfj E (dr). 

0 V z z 
/18/ 

113 / 17 / BH.IJ,HO, 'ITO e npouecce .IJ,BH)KeHHB cryCTKa 
.IJ,Oil)KHO npOHCXO.IJ,HTb nepepacnpe;:,;eneHHe BKna.IJ,OB Ka)K)J;o
ro 'IJieHa cyMMhl e ee neeo!i qacTH. Ilpocne;:,;HTh Ja 3THM 
nepepacnpe;:,;eneHHeM H sensnocb 3a;:,;aqeii npoee;:,;eHHhlX 
'IHCJieHHhIX pacqeTOB. 

,[t;nH pemeHHB CHCTeMbl /9/, /15/ H Bbl'IHCneHHH BeJIH
'IHH, BXO.D,BlQHX e /17 /, /18/, 6brna c;:,;enaHa <l>opTpaHHaH 
nporpaMMa .D.JIB CDC-65OO. IIopB.IJ.OK CHCTeMhI HHor;:,;a: 
.IJ,OBO.IJ,HJICH .IJ,O 314 ypaeHeHHH /'ITO COOTBeTCTBOBaJio 
e, m :S 12 /, TeM He Me Hee pemeHHe 6bIJIO YCTOH'IHBhIM 
u yeenH'leHue nopB.IJ.Ka npHBO.IJ.HilO IlHIIIb K 6bICTpoMy,pocTy 
BpeMeHH C'leTa. 

qT06bl B MO.IJ,eJibHOH Ja;:,;aqe HMeTh B03MO)KHOCTb one
pHpoeaTb C .IJ,OCTaTO'IHO 60JibllIHM 'IHCJIOM qacTHU B crycTKe 
(N > 10 13 ) H .IJ,06HpaTbCB /npH ycKopeHHH B npe;:,;enax 
O.IJ,Horo pe30HaTopa/ .IJ,O penHTHBHCTCKOH o6nacTH.IJ,BH)KeHHB, 
B pac'leTaX 6paJIHCb HeCKOJibKO 3K30TH'leCKHe aMnJIHTY.IJ.Hble 
3Ha'leHHJI CT~ponnero nons - 270 KB/cM /u ;:,;a)Ke 
540 KB/cM/. Bo ecex cnyqa.ffx pa;:,;HaJihHhle pa3MepbI 
6bIJIH R2 =10,8 CM, . R 1 =2,7 CM, b =4,5 CM, a =4 CM. 

Ilpo;:,;onhHbie pa3MepbI D =5 CM, h =0,3 CM /a O.D.HOM 
cnyqae paccMaTpHBaJICB .IJ,IlHHHhIH pe3oHaTop D =15 CM/. 

TO'IHOCTb C'leTa KOHTpOnHpoeanacb MeTO.IJ,OM npo6 nyTeM 
y~eJIH'leHHB 'IHCJia 'lneHOB B pH.n.ax H no BhIIlOnHeHHH COOT
HOIIIeHHH / 17 /. Omu6Ka e coxpaHeHHH KOHcTaHThI B / 17 / 
e KOHJ.{e C'leTa o6bI'IHO He npeBbIIIIana 5- 1 Oo/o. 

Ilpe)K.IJ,e 'leM paccMaTpHBaTh pe3ynhTaThl C'leTa, y;:,;06-
HO npeo6pa30BaTb <l>opMyny /17/. Bhl.IJ,enHM H3 &iB.3Hep
rHIO, COOTBeTCTBYIOlQYIO OCHOBHOH rapMOHHKe /Ha KOTopoii 
BOii,6y)KJ).eHO CTOpOHHee none/: ~.(t)=vf"(t) +'W~;op. (t). Tor;:,;a 
WcTop.C0)cccW3anac. 

8
~CTh 3Heprus, JanaceHHaB B pe3oHaTo

pe, a 'W3anac.-Wmop.(t)=a8(t)- 3HeprHB, oT;:,;aeaeMaB /unH 
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,I:(a)Ke npHo6peTaeMaH/ BOJIHOH. W 8 • (t) - :meprHH B036y)K-

,I:(eHHH Bcex OCTaJILHblX BblCWHX rapMOHHK. BeJIH'IH~ 

Ha :&rrpo,q. (t) /0603Ha11HM ee ,I:(anee KaK W CTaT/ 3a-

BHCHT TOJILKO OT noJIO)KeHH.H crycTKa BHYTPH pe3oHaTopa 

/MaKCHMYM ee 6y,I:(eT npH x = D/2 /. 3Ha'leHHe WcTaT. (0) 
.HBJIHeTCH OCHOBHblM napaMeTpOM, KOTOpbIH y.I(06HO cpaa

HHTL C ~arrac BeJIH'IHHaoCTilT. =WO -W (t) npe,I:(CTaB~ 
• CTaT, CTaT. 

JI.HeT pa6oTy KYJIOHOBCKoro noJI.H. B TOM cny11ae, KOr,I:(a 

paccMaTpHBaeMoe noJIO)KeHHe crycTKa He CHMMeTpH'IHO 

x0 OTHOCHTeJILHO X=D/2, 5cTaT. I,. 0 H BJIH.HeT Ha 06ll\HH 

6anaHc B /17 /. qJieH Mc2 (y- 1) B /17 / ecTL npH06pe-

TeHHa11 KHHeTH'leCKa.H 3HeprH.H cryCTKa, o603Ha'IHM ee 

11epe3 L'1T. Tor,I:(a ,I:(JI.H BeJIH'IHH, nony11eHHblX 'IHCJieHHblM 

c11eToM, BMecTo /17 / MO)KHO 3anHcaTL 

L'1T + WB'. + L'1 = 0 B. + 0cTaT. • 
' 

/17, I 

r,I:(e L'1 - owH6Ka H3- 3a orpaHH'leHH.H B cyMMax no ,\ H 

a, H3-3a' HeTO'IHOCTeii C'leTa H, B03MO)KH0, H3- 3a ,I:(e4>eKTa 

4>H3H'leCKOH nocTaHOBKH 3a,I:(a'IH. , 

B pa6oTe /8/ y)Ke npH N ... 1,5,10 
13 

H aMnJIHTy,I:(e CTO

pOHHeii BOJIHbl, paBHOH 270 KB/cM, He y.I(aBaJIOCL ,I:(OCTH'IL 

pe3yJILTaTOB C'leTa, KOTOpble MO:>KHO 6blJIO 6bl y.I(OBJieT

BOPHTeJILHO HHTepnpeTHPOBaTL. IlpHBO,I:(HMble ,I:(aJiee pac

'leTbl, C,I:(eJiaHHble H3JIO)KeHHblM MeTO.I(OM, OTHOC.HTC.H K Be-

JIH'IHHaM N = l0,5; '.3; 6} x 10 13 • )];11 KopoTKoro pe-

30HaTopa /D =5 CM/ o6bl'IHO paCCMaTpHBaJIC.H npoMe)KyTOK 

BpeMeHH -r/2, r,I:(e r - nepHO,I:( CTOPOHHero noJI.H / er = 

16,7 CM/ • 

B 60JILWHHCTBe cnyqaeB C'leT 3aKaH'IHBaJIC.H 

no ,I:(OCTH)l(eHHH crycTKOM TO'IKH,CHMMeTpH'IHOH Ha'laJILHOii . 

/'IT06bl HCKJIIO'IHTL pa6oTy KYJIOHOBCKoro noJI.H/. ,Il;JI.H. 3Toro 

Ha'laJILHble noJIO)KeHH.H cryCTKa 6paJIHCL CJieBa OT X= D/2. 

,Il;JIJI pe30HaTopa C D=l5 CM paCCMaTpHBaJIC.H npoMe)KyTOK 

BpeMeHH == r. 1f3- 3a CMell\eHH.H Ha'laJILHOrO nOJIO)KeHH.H 

"CHJia npHT.H)KeHH.H" K JieBOH TOp~eBOH CTeHKe BHa'laJie 

HeCKOJILKO npeBblWaJia "CTOPOHHIOIO CHJIY"' H cryCTOK CMe· 

ll\aJIC.H BJieBo, a 3aTeM CKOPOCTL ero H3MeH.HJia 3HaK 

12 

I' 

H Ha'IHHaJIOCL YCKOpeHHe. Pa3JIH'IHble cny11aH npe.I(CTaBJieHLI 

Ha puc. 1-3, r,I:(e npHBe.I(eHLI rpa4>HKH {3(,;). Ha pucyHKax 

yKa3aH COOTBeTCTBYIOll\HH Ka)K,I:(OH KPHBOH 3apH,I:( /6e3 MHO

)KHTeJIH 10 13 /, KOOP.I(HHa TLI Ha 'laJILHoro x 
O 

H KOHe'IHOro 

xk noJIO)KeHHH cryCTKa, MaKCHMaJILHOe 3Ha'leHHe y, 
3Ha'leHue y B TO'IKe ,cHMMeTpH'IHOH Ha'laJILHOH , W3 arrac. H 

wiTaT. BepTHKaJILHoii qepToii Ha KPHBLIX 1,2 / puc. 1/ H 

Ha KPHBOH 1 / puc. 2/ OTMe'leHbl TO'IKH, COOTBeTCTBYIOll\He 

MOMeHTy npHXO,I:(a crycTKa B CHMMeTpH'IHOe noJIO)KeHHe. 

,Il;JI.H cny11a.H 3 /puc. 1/' 3Ha'leHHe Xo npH BLI6paHHOH 

BeJIH'IHHe 3ap.H,I:(a OKa3aJIOCL KpHTH'IHblM,·H cryCTOK npH

T.HHYJIC.H K JieBOH CTeHKe / B KOH~e BpeMeHH C'leTa xk = 

0,72 CM H x' < O /. Ha puc. 2 noKa3aHo .I(BH)KeHHe 

TaKoro )Ke crycTKa, KOr.I(a x 0 =1,52 CM. Ilony11aeTcH Hop

Ma.JILHoe ycKopeHHe. Ha BC ex KpHBLIX puc. 1 u 2 BH,I:(HLI 

y11aCTKH Ha'laJILHOro ,I:(BH)KeHH.H, r,I:(e f3 < 0. KpHBLie 1 --3 
Ha puc. 3 noKa3blBalOT 3aKOH .I(BH)KeHH.H npH TeX )Ke 3Ha11e-

. 0 
HH.HX N, HO ,I:(JI.H CJiy'la.H, KOr,I:(a W3arrac. >>WcTaT,,/npHHHTO 

Ea - 540 KB/cM/. CryCTOK c N =6 .}013 ycKop.HeTC.H 

u npH Xo =1,12 CM. 

, 
{., 

a, 

0.l 

a 

D•5c,, i,=1.f2c,.. 
W.-•6.28?a,.i, •O 
Ea -Z?oKife,, • 

,,._ ~ 
x" •4. 7t ; r ..... •2.56 

¥cu ... =2.3 
K11 •f0¾; K • .,=85% 

w..:; .. - 0.035 """ 

2)- N •3. 

x,. • ,. 10 ; [,,,.. • l.63 
r,u,. =f.6 

K,. =44%; K ... ;5/. % 
w:,....,-f.21~. 

ct 

J)- t!...=-6 
{,< : 0 72, S"°kD,0,HllR He, 

w.~, =509· 1.iK:· .. 

Puc.I. I'patpUKU CKOpocmu OBUJICeHUJl npu OOUHQKOBblX Ha
'IQ:tlbHblX yc11oeu.Rx u pa3Hi.ix ·11uc11ax 11acmu11 e c·zycmKe. 
YMepeHHblU U "Mallblii" 3anac 3Hepzuu· cmdpOHHeZO ·no/1.R. 
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/' 
{.0 

0.5 

02 

D •5c,.,; 
w,.._. •6. 2s7 ~,,, 

E. -270 k8/c,., 

x, =l.52 c., 

§. •O 

H = OJ c., 

0 ~.-:: 2 3 4 5 6 ==--;-- -..8 • ct 

t) ..!Li 
x.•3.6/, (=_,=/.2!1 

'(cu,.,.,=t.28 

Ku r60:'; 1 K,_,,: 38;~ 

~;.r r-5,5713::« 

Puc.2. CAy'laii oeuJ1CeHw1 czycmKa c 6oAbWUM 3apJ100M npu 
CMeUJeHHOM Ha'laAbHOM noAOJICeHUU. 

! 
D=5cH; r, =l.f2c., 

wJ•••' -25, ,,a a,-, "· = o 
E,. ~5.&o,<1/c.,. 

UJ 

0.5 

0.1 

0 5 6 7 8 ct 

f'J.-- .V•D5 

x.=3,3'8, rM.,=2, 72 

K•=3,4;., K_,= 92¾ 

w;.,=o. 035 a,..,. 

2)-N=3 

x. = 2. so6. r~ .. =1. 95 

K-v.• (5°/. ; K,.., = 62¾ 

w:.,={,27a..c 

3)-~ 
x. = 2,(/,t ; ff',.,.,•f,35 

K,._• 17"/,, K,..,• 42% 

w;,.,=5,09 a"". 

Puc.3. I'par,puKu cKopocmu oeUJ1CeHUJ1 npu 6oAbWOM 3anace 
3Hepzuu cmopoHHezo noAJI. 

14 

Ha puc. 4 paCCMOTpeH cnrmii D =15 CM. IlpH TOM 
:>Ke aMnnHTYJJ;HOM 3HaqeHHH Ea :e27O KB/CM 3anaceHHa.H 
JHeprH.11 oKaJLIBaeTc.11 6onLwe 3a cqeT yeenHqeHH.H o6'beMa 
peJoHaTopa. YeenHqeHHe D /npH TOM :>Ke r I npHeeno 
K yeenHqeHHIO CHilbl npHT.H:>KeHHJI co CT0pOHhl neeoii CTCHKH 
/npH Xo =l,12/, TeMn ycKopeHHJI OKaJanc.11 MCHL·we. B pe
_JynLTaTe Ja ycKopeHHeM .z:,;o y max =1,2 nocne nona.z:,;aHH.H 
B OTPHUaTenLHYIO nonOBHHY CTOPOHHero non.11 Haqanocb 
3aMe.z:,;neHHe BililOTb ,IJ;O OCTaHOBKH IlpH X =3,21 H Haqana 
,IJ;BH:>KCHHJI e o6pa THOM HanpaeneHHH. 

Ha puc. 1,2 u 4 /B np.OH3B0IlhHOM MaCWTa6e/' KpOMe 
Toro, IlOl<a3aH JaKOH H3MCHCHHJI nepeoii rapMOHHKH Ez • 

' ( 1 · z cocTaen.11101Ueii eonHoeoro non.11 - - c q10 A,\
10 

) , KOTopa.11 

npu N - 0 COOTBCTCTBOBana 6LI E ~Top. 11 HMena nepuo.z:,; 
Cr ,=16,7 CM. KaK BH,IJ;HO HJ puc. 1,2, c yeenuqeHHeM 

N ,IJ;IlHHa nonO:>KHTCilbHOii nonyBOilHhl ee YMCHLWaeTC.H. 
Ha puc. 4 3TO H3MeHCHHe noqTH HeJaMeTHO, T .K. TCMil 
yc1<ope11u.11 3,IJ;CCb MCHbWC, qeM B COOTBCTCTBYIOIUCM cnyqae 
1ep11eoii 2 H ua puc. 1. 

O6cy.z:,;HM Tenepb 3HepreTuqeCKHe COOTHOWCHH.H, BbITe
KaIOll.{He H3 npoee.z:,;e1111LIX pacqeTOB. B ma6A. 1 npHBCJJ;CHhl 
eenHqHHLI, cooTBCTCTBYIOIUHe 4'opMyne /17 '/ .z:,;n.11 cnyqa.11, 

} 

LI 

115 

Qt 

0 

E°",- " 
l>•l5c,. 

'"'~"""· • J&.86 ,-. 

fi,. ~ 2 70 1<£/cM, 

X,: l/] CH 

x. -:,,0 

t) /{, 3 

x,=3.02c,, ¥m .. =l,2{nµt,208c .. J 
x_ ,,.:u .,. v:,...,,.•f.OU '3x 

Jl;.._=Si'•; K,.OHJN.s47ry'0 .(t.u..-,.y) 

lJ c,: 

X ~3.02 

Puc.4. ,4euJICeHue czycmKa e "oAUHHOM pe3oHamope ". 
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Ta6AUt1a 1 

cl I Wc, ... Vcn1T • .4T -wt 06 cf'"'"· )((CH) J, 
0 6.287 5.574 0 0 0 0 1.520 0 _.,_ 

5.753 -11- -•- -·- --- -,- _,,_ 

1 6.297 5.559 0.001 0.001 -0.012 0.015 1.500 - 0,03 
6.305 ~.727 0.001 0.002 ~0.0f8 0.026 f./,89 -0.02 

2 6.228 5.587 0.025 0.008 0.059 -0.013 1.540 ()./0 
6.2G9 5. 7'-3 0.012 0.006 0.018 0.010 t.SfO 0.07 

3 5.825 5.682 0.157 Q.098 0.1/&2 -0.(08 t. 7(!1 0.25 
5.918 $.Bid 0.112 0.064 0.3.39 -o. osg /.848 0.21 

4 ~079 5.844 0.363 0.345 i,208 -0.270 2.0f~ 0.36 
5.260 5.986 0.297 0.28"" J.027 -0.233 f.917 0.33 

5 +.032 5.917 0.7~0 0.732 2,255 -o. 34.3 2.456 0.49 
f.300 G.08j 0.817 O.G37 t.987 -o. 332 2.320 o.46. 

5. 78 3.U.f 5.857 i.100 0.983 3.046 -0.283 2.872 0.58 
3,521. G.082 0.91.9 0.903 2.766 -0.329 2. 709 0.54 

6.79 2.53f 5.SG7 J .. Mi /.187 3.7.56 0.007 3.JBI 0.6.:J 

noKaJaHHoro Ha puc. 2. PewanacL cncTeMa 182-ro nopJi,n;Ka 
/BepxHee 'IHcno Ka)K.Iloii cTpo1rn/ a 314-ro nop.11.z:,;Ka/HH:>KHee 
'IHCno/. BH.IJ;HO, 'ITO Ha Ha'lanLHOM yqacTKe .IJ;BH)KeHHJI oB·<O 
5cTaT. > 0, T.e. pa6oTa KynoHOBCIC ro non.11 ;:,;a)Ke HeMHoro' 
ynenH'IHBaeT 3lleprmo BOnHLI. .w ~TaT. paBHa no'ITH 90% 
W3anac. ;TeM He MeHee, ycKopeHHe HMeeT MeCTO. B TO'IKe 

X =3,484, 6nH3KOii K CHMMeTpH'IHOH Ha'lanLHOH XO' y = 
1,28. IlonHaJI pa6oTa KynoHOBCICOro non» Me)K,lly 3THMH 
TO'IKaMH npaKTH'leCKH paBHa Hymo. 

Heo6xo.z:i;nMo OTMeTHTL HaKonneHHe own6KH /l B BLinon
HeHHH COOTHOWeHHH / 17'/, O,IJ;HaKo nenH'IBHa /l Bcer;:,;a 
nonO)l(HTenLHa B yMeHLWaeTCJI C ynenH'leHBeM 'IBCnayqa
ThIBaeMLIX rapMOHHK, KaK 3TO MO)KHO BH.IJ;eTL, cpaBHHBaJI 
COOTBeTCTB)'lOillHe CTpOKH ma6A. 1 • 

,l(n.11 6onee y;:,;o6Horo cpaBHeHH.11 cnyqaen ycKopeHHJI npH 
pa3HhlX COOTHOWeHHHX Me)[(.IJ;Y W3anac, H W gTaT. BBe,IJ;eM K034i· 
<i>HUBeHThl:I kH, - noICa31>1BaJOI1lHii, xaxa» ;:,;on.11J1 OT W3anac. 
pacxo;:,;yeTc.11, H knoJI. • noKa3hlBaIOillHll, KaKaJI qacTL H3pac
XO.IJ;OBaHHOH 3HeprHH BOnHhl H.IJ;eT Ha ycxopeHHe, T.e. kH = 
= o B, I W 3anac. , k noJI. =ll T/~enH'IHHhl kH,, k noJL npHBe.IJ;eHLI 

.IJ;nJI KOHe_'IHhlX nono.>KeHilii crycTKa Ha BCe,x KpHBLIX puc. 1- 3 

. 16 

H TO'IKH, COOTBeTCTBYIOll\eH Ymax Ha puc. 4. MO)KHO JaKmO
'IHTL, 'ITO ku pacTeT · C ynenH'lemieM N 3Ha'IHTenLHO 
Me.z:,;neHHee, 'leM no nHHeHHOMY · JaKOHY, KOrAa OTIIOWeH1ie 
W3anac. /W gTaT. npu6nH)KaeTCJI K 1, a knoJI. B paccMoTpeH· 
HOM AHanaJOHe yMeHLWaeTCH nO'ITH nHHeHHO. PaccMaTpH· 
nancn cny'laii, Kor;:,;a crycToK nneTaeT B peJoHaTop c 
KOHe'IHoii cKopocTLIO /KaK 6LI ·npoHHKHOBeHHe CKBOJL cTeH· 
Ky/. 'An~ crycTKa / h =10-3 CM, N =6-10 13 / c Ha'lanLHOH 
CKOPOCTLIO f3o=0,99. IlpH Xo=O,O5 H W3anac.=6,28 j(JtC, 
HeCMOTpJI Ha ;:,;eiiCTBHe CTOPOHHero nonJI, B3aHMOAeHCTBHe 
co CTeHKOH H noTep.H 3HeprHH Ha B036y)K.IJ;eHHe BTOPH~IHLIX 
B0nH npHBO;i.llT CHa'lana K TOpMO)KeHHIO .IJ;0 /3min=O,73/ X = 

1 

2,04, ct =2,25/, a JaTeM Ha'lnHaeTcJI ycKopeHHe, TaK1npn 
ct =2,42 x =2,16 y)Ke f3 =O,76. O;:,;HaKO T0'IHOCTLBLIIlon
HeHHJI CO0TH0WeHHH /17 '/ n AaHHOM cnyqae nnoxa.11. 3TO 
.HBmieTCJI cne;:,;cTBHeM Hecornacoi3a.HHOCTH noneii e Ha'lanL· 
HLIH MOMeHT,' T~K. He Y'ITeHo MarHHTHOe none, "BHOCHMoe" 
.IJ;BH)KYll\HMC.H cryCTKOM *. 

B 3aKnIO'leHHe, HY)KHO OTMeTHTL cne;:,;yIOll\ee • 
1. B npone.z:i;eHHLIX pac'leTaX He Y'ITeHLI Ba)KHLie o6CTO· 

.11TenLcTna: a/ - ycnoBH.H cymecTBOBaHHJI caMoro crycTKa; 
6/ - BnH.HHHe nponeTHLIX OTBepCTHH pe30HaTopa. Tpe6ona
HHe y;:,;ep)l(aHHJI pa3MepoB crycTKa npHBO.IJ;HT K Heo6xo;:,;H· 
MOCTH ;:,;o6anne'HHH i$OKYCHPYIOI1\HX noneii H CTa6HnH3Hpyro
mnx TOKOB n crycTKe. Oco6eHHO cymecTBeHHO HanH'IHe 
nocne,IJ;HHX. PenJITHBHCTCKOe nonepe'IHOe .IJ;BH)KeHHe 'laCTHIJ, 
JHa'IHTenLHO yT.11)Ken.HeT o6myro Macey crycTKa, cne;:,;ona
TenLHO, BnHJleT Ha TeMn YCKopeHHJI. IIo.11BnJIIOTCJI Hane,iieH· 
HLie Ha TOpIJ,eBLIX CTeHKax TOKH, npoTHBonono:>KHLie BHyT • 
peHHHM TOKaM B cryCTKe, 'laCTH'IHO K0MneHCHpyromne 
;:,;eiicTBHe nonJI HaBe;:,;eHHLIX 3ap.11;:,;on. HaK011en, nonepe'IHLiii 
TOK B cryCTKe' .IJ;BHra.HCL BMecTe C HHM, B036y)K,IJ;aeT 
H -nonHLI, 3HeprHH KOT0PLIX ;:,;on:>KHa Y'IHTLIBaTLC.11 B o6meM 

6anaHce. 
2. TeM He MeHee ,npone;:,;eHHLie pac'leTLI B npeAenax 

orpaHH'leHHOH nocTaHOBKH noKa3anH .IJ;OCTaTO'IHYIO ycToii-

* Ou,eHKa nonJI, no36y)K.IJ;eHHoro crycTKOM, nponeTaro
mHM C nocTOJIHHOH CKOpOCTLIO qepe3 3aMKHYTLIH pe3oHaTop, 
C noMOll\LIO MeTOAa paJnO)KeHH.H C HyneBLI~H AlJ.HHLIMH ;:,;n.H 
OCIJ,HnnJITOPOB non.11 npoBO.IJ;HnacL B pa6oTe 9 ,lO/. 
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lfHBOCTb H l},H3H11eCKOe COOTBeTCTBHe c11eTa H TeopeTHlfec

KH O)KH,l(aeMblX pe3yJibTaTOB ,l(a>Ke B KpHTHlfeCKHX CJiy11a.11X, 

Kor.r~a- TpaHcl},opMHpyeTcJI 6onee 500/o 3anaceHHoii :mepruu. 
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