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S u m m a r y 

The results are given of the computa
tions on voltage and current pulses formed 
using non-uniform pulse former on the resist 
load, in tbe inductor section of linear in
duction accelerator loaded by accelerated 
electron current and on the electron gun pul
se transformer loaded by beam current and 
displacement current. 

The computations were carried out in 
conformity with the theory given in/I/. 

The results satisfactorily agree with 
experiment both in the resist load case and 
for two last loads in which the parameters 
variate consideraRlY during the pulse. 

The comparison of the computation results 
with experiment shows that the problem of 
calculation of high accelerated c~rrent load 
effect on accelerate system of linear induc
tion accelerator has been solved. 
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BBE,4EHHE 

B pa6oTe /II 6Lina onHcaua TeopHH qiopMHpoaaHHH HM -

nynbca neo.11.uopo.11.uoii qiopMHpy10meii JIHHHeii /H<l>Jl/ na 
narpy3Ke npOH3B0JlhHOro THna, B KOTopoii napaMeTphl MoryT 
6h1Th KaK noCTOHnHhlMH, TaK H cymecTBenno nepeMeHnhlMH 
a Te'-leHHe HMnynhca . 

TeopHH OCHOBhlBaeTCH Ha CHCTeMe .l).HcjiqiepenuHaJihHhIX 
ypaaneHHH, CBH3hlBaJOmHx TOKH H nanpH)KenHH H .11.eiicTBH
TeJibHhle napaMeTphl acex peanbnhIX 3JieMenTOB H<l>JI H Ha -
rpy30K, KOTopaH COCTaBnena C noMomhJO 3aKonoa KHpx -
roqia H MaTeMaTH'-leCKOH qiopMyJIHpOBKH H3BecTnhlX qJH3H -
'-leCKHX CBOHCTB 3JieMenTOB narpy30K. 

Pac'-leJ' qiopMhl HMnynbca nanpH)KenHH H TOKa Ha OMH -
'-leCKOH uarpy3Ke, Hn.l].yKTopnoii ceK~HH JIHneiinoro Hn.l).yK
uuounoro ycKopnTen11 / JU1Y /, uarpy)Kennoii TOKOM ycKop11e -
MhlX 3JieKTpOHOB, TaK )Ke. KaK H . pact.ieT HMnyJihCHoro 
TpancqJOpMaTopa 3JieKTponuoii nyllIKH, narpy)Kenuoro TOKOM 

" ny'-IKa H TOKOM CMemenHH, 6hlJI BhIIlOJinen no nporpaMMaM 
' I 

pelllenHH CBCTeM ypaauenHii, .11.aunhlx B, L . B 3BBHCHMOCTH 
OT cJio)KnOCTe narpy3oK apeMH C'-leTa na 3BM THna Ii3CM-6 
COCTaBJIHJIO OT 0.l).HOH .11.0 neCKOJlbKHX MHHYT. Pac'-leT no JTHM 
nporpaMMaM .11.aeT 3aBHCHMOCTb uanpH)KeHHH /ToKa/ OT 
apeMenH na n1060M ueo6xo.11.eMOM ero HHTepaane H 0.11.uoape -
Menno ece .11.pyree )f(eJiaeMble .11.aunhle o pa6oTe cHcTeMLI 
"H<l>Jl - narpy3Ka", TaKHe, KBK Kil)]. CHCTeMhl, noee.11.enHe 
naMarHH'-lenHOCTH CJIOeB qieppoMarHeTHKa narpy3KH H JIJ06hle 
.11.pyrHe BeJIH'-IBHhl. 

Ilo.11.'-lepKHeM, lfTO B paMKax pac'-leTa 3JieMeHTapnhlM 
HBJIHeTCH nonyqenHe T.H. qiynKUHH BJIHHnHH H3Menenuii )Ke
JiaCMOro napaMeTpa KaK n106oro 3JieMeHTa H<l>Jl, TaK H n10-
6oro napaMeTpa npoH3BOJihHO aw6pauuoro 3JieMenTa aceii 
CHCTeMbl. 3Te <PYHKUHH BJIHHHHH cymecTBenuo o6ner'-laJOT 
TexneKy pac'-leTa uacTpOHKH H<l>Jl C ueJiblO nony'-lenHH )Ke
naeMoro HMnynhca Ha 3a.11.anHoii narpy3Ke. 
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PacqeT C yqeTOM OMHqeCKHX noTepb B CHCTeMe B paMKaX 

TeopHH TaK)Ke B03MO:lKeH. 

PE3YJibTAThl 

Ha puc. 1 H3o6pa:lKeHbl paCClfHTaHHbIH HaMH H 3KCnepu
MeHTanbHO nonyqeHHbIH a/2/ HMnynbC OT H<l>JI, COCTO.IIUUIH 
83 10 o,nHHaKOBbIX 3BeHbeB C napaMeTpaMH L 1 = 15 MKI'H, 
Li= 30 MKI'H Ii = 2, ••• 10/; Ci= 3000 n<J>/i = 1, ••• 10/ 
Ha Hai::py3Ke R = 100 OM; 3ap.11,nHoe Hanp.11:lKeHHe - 500 B. 
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Puc. J. HMnyAbC Hanp.11J1CeHUJ1 e eoAbr.zax Hal a,1<111ueHoii Ha· 
zpy3Ke R = JOO OM, - - - - 3KcnepuMeHm 21, -- Pac
'lem. T = 6,55.1 Q-{; C /no OCH06aHUIO/. 

B 121 MacwTa6 BpeMeHH OTCYTCTByeT, o,nHaKO coana,ne
HHe aMnnHTY.Abl, 4>opMbI H ,nnuTenbHOCTH HMnynbca npH Bbl· 
6paHHOM Ha puc. 1 MaCWTa6e apeMeHH.nmi:_ 3KcnepHMeHTanb
HOro HMilynbca He OCTaBn.HeT MeCTa .nn.11 COMHeHHH no noao-
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,ny KalfeCTBa OilHCaHH.11 npoueccoa B CHCTeMe "H<l>JI - OMH· 
qecKa.11 Harpy3Ka" C IlOMOlltblO OilHCaHHOH B / 1/ TeopHH. 
PaclfeTbl pa6oTbl H<l>JI C Heo,nHHaKOBbIMH 3BeHh.llMH Ha 
OMHlfeCKYIO Harpy3Ky He npe,ncTaBn.llIOT .nononHHTenbHbIX 
Tpy,nHOCTeii. Ha puc. 2 ,naH npHMep TaKoro pac11eTa. Ha 
3TOM )Ke PHCYHKe noKa3aHbl TaK Ha3bIBaeMble pac11eTHble 
4>YHKUHH BnH.IIHH.11 H3MeHeHH.II HH.IlYKTHBHOCTH /KpHBaH 2/ 
H eMKOCTH KOH,neHCaTopa /KpHBa.11 3/ o,nHoro H3 3BeHbeB 
/5- ro 3BeHa/ a npuae,neHHOM cny11ae Ha +20~ Ha qiopMy 
HMnynbCa, KOTOpble npe,ncTaBn.llIOT co6oii pa3HOCTb Me:lK,ny 
B03MyuteHHbIM H HCXO,AHblM HMnynbCaMH. 
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Puc. 2. 1 - UMnyAbC Hanp.11J1CeHUJI 6 60Ab1/lax Ha aK1/IU6HOU 
Hazpy3Ke R = 100 OM, ¢oQMUpyeMblU H<J>JI C 10 36eHbJI
MU. Ci=[l+0,44(i-1)]. 10-9 <1>; Lj=[l+0,4_4(i-1)]-10-5FH 
2,3 - ¢YHKtJUU 6AUJ1HUJ1 U3MeHeHu.11 L 5 u C 5 Ha +20<1,. 

Pac11eT0B .nn.11 Harpy30K C 3aBHC.IIUUfMH OT BpeMeHH 
napaMeTpaMH THna YCKOp.HIOUUfX HH.IlYKTOpHblX ceKUHH JIHY. 
B KOTOl)LIX . npe,ncKa3bIBaeTC.II 4>opMa Bcero HMnynbca, He 
cyi:uecTayeT. O,nHaKO HMeeTCH ,nOCTaTOlfHbIH Ha6op 3KCnepu
MeHTanbHblX ,naHHblX, nonylfeHHbIX Ha HalfanbHOH qacTH 
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C03AaBaeMoro YCKOPHTeJUI JIHY-30/250/3/ nonrrnuweii Ha-
3BaHHe JIHY-O,75/25O /4/. ' 

CepAeqHHKH HHAYKTOpOB 3TOro ycKopHTeJIJI, HaMOTaH
Hble 83 nepMaJIJioeuoii JieHTbl TOJIUUIHOH 10 MKM, HMelOT 
CJieAYIOIL\8e pa3Mepb1 no 4>eppoMarHeT8Ky: rBH == 10 CM, 
r H == 21,5 cM; nJioll\aAL nonepeqHoro ceqeHHJI S == 115 cM2 
e K03<1><l>8UBeHT 3anoJIHeHBJI f == 0,63. 

Hcf>JI COCT08T B3 ABYX napaJIJieJILHLIX JIHHBH no 6 KOH
AeHCaTopoB B Ka:lKAOH, eMKOCTH KOTOPLIX, HaqHHaJI OT Ha
rpy3KH, ecTL /B TLIC. ntl>/: 10. 10, 10. 24, 24. 24 - AJIJI 
1-ii JIBHB8 8 24, 10. 10. 24, 24, 24 - AJIJI 2-oii. Co6CTBeH
HaJI BHAYKTHBHOCTL /BBOAOB/ Ka)f{Aoro KOHAeHcaTopa 
0,17 MKI'H, a HHAYKTBBHOCTH 3BeHLeB Hcf>JI, COOTBeTCTBeH
HO, 6LIJI8 /B MKI'H/: 0,85; 0,37; 0,1; 0,33; 0,25; 0,1; 
0,33 - AJIJI Ka)KAOB JI8H8e·. Jl8H88 pa3ps:>Ka10TCJI qepe3 OA8H 
T8paTpoH Ha o6e ycxopJIIOIL\8e ceKU88 JIHY-O,75/25O c o6-
lll8M q8CJ10M HHAYKTOpOB 24 qepe3 Ka6enLHYIO KOMMYH8Ka
U810 83 36 napaJIJienLHLIX xa6eneii. ,lJ,n8Ha Ka)f{Aoro Ka6enJI -
8 M, noroHHaJI eMKOCTL 100 n<P/M u BOJIHOBOe conpoTHBJie
H8e p == 50 OM. 3apJIAHOe HanpJI)KeH8e Hcf>JI == 50 KB. Ha 
puc. 3 8306pa>KeH paccq8TaHHLIH AJI.11 _3T8X napaMeTpOB 
Hcf>JI HMnynLc /KpHBaJI 1/ ycKopJ1101.Qero uanpJI:lKeHHR UH, 
C03AaBaeMoro Ka)KALIM HHAYKTOpOM npu uarpy3Ke TOKOM 
YCKOpJieMLIX 3JieKTPOHOB, 8Mel01.QBM aMilJ18TYAY 250 A 8 
4>opMy 8MnynLca, AaHHYIO Ha puc. 4. HMilYJILC /KpHBaJI 1/ 
COOTBeTCTByeT B3o6pa:>1CeHHOH Ha puc. 4 TOKOBOH Harpy3Ke. 
KpeBaJI 2 COOTBeTCTByeT aaap8HHOMY cnyqaro ecqe3HOBeHHJI 
TOKa ycKopJieMLIX 3JleKTpOHOB, Hanp8Mep, 83 - 3a BblXOAa 
83 cTpoJI 3JieKTPOHHoii nyWK8 JIHY. lipocaeTCJI B r na3a 
nepeuanpJI)KeHee, B03HHKaJOI.Qee np8 3TOM - aMnneTyAa 
HMilYJILCa 3AeCL yueJI8qeaaeTCJI B 1,6 pa3a no OTHOWeHHIO 
K HOM8HaJILHOMY pe)KHMY. 

Ha puc. 3 npeueAeHLI TaK)Ke paccq8Ta1111L1e 4>opML1 BM
nynLca AJIH Tex )Ke napaMeTpOB Hcf>JI npe aMilJIHTY.D.aX TO
KOBOB uarpy3KH nyqxoM 100 A /Kp8BaJ1 3/ H 500 A /Kpu
BaJI 4/. B3 KOTOPLIX B8AHO BJIBJIHHe YPOBHJI uarpy3KB nyq
KOM Ha qiopMy HMnyJILCa npe 3aAaHHLIX napaMeTpax Hcf>JI. 

Cpa:eHeHHe 3T8X H APYrHX nonyqeHHLIX pe3yJILTaToB 
pacqeTa· C 3KCilepHMeHTOM/4/ noKa3blBaeT~ qyo 4>opMa B 
AJIHTeJILHOCTL BMnynLca. a TaK)Ke ero aMnJIHTyAa HaXOAJITCJI 
B YAOBJieTBOP8TeJILHOM cornacuu C 3KCnepeMeHTOM. 
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Puc. 3. HMnyAbCbl Hanp.11J1Ce11u.11 6 KUA060Abmax Ha UHOyKmo
pax YCKOPJIIOUIUX ceKijUU JIHY- 30/250. Pac11em. BpeMJI 6 
MUKpoceKyHOUX. 

PaccqeTauu~ii Ko3<1><l>BU8euT none3uoro AeHCTBHH ceK-• uuu /oTHoweuee nepe.n.auuoii nytJKY 3Hepree K 3uepruu, 
3anaceuuoii B Hcf>JI nepeA HMilYJILCOM/ COCTaBHJI 29"/o, lJTO 
YAOBJieTBOpHTeJILHO IlOATBeP)KAaeTCJI 3KCnepuMeHTOM / 4/: 

B3Mepeuuoe 3uaqeHHe Kil,lJ, 6Llno ua uecKOJILKo npoueuToB 
BblWe • HO H Harpy)KaJOI.QHH TOKOBblH HMilYJILC B 3KcnepeMeu
Te 6L1n wupe, tJeM Ha puc. 4. 

3KcnepeMeuTaJILHble AaHHble no nepeuanp.11)KeHHJ1M, ao-
3HHKaIOIL\HM B HHAYKTopax, npe aaapHHHOM ecqe3HOBeHHH 
nyq1<a yc1<opJ1eML1X JneKTpouon, TaK)Ke xopowo cornacyroT • 
CJI C npeACKa3aHHJIMH Teopee. 

PeJyJILTaTLJ pactJeT0B pa6on,1 :rne1npouuoii nyw1rn JJHY
O,75/25O / 4/, HMilYJihC.HhlB TpaHCq>OpMaTOp J<OTopoii 6LIJI 
cxeMaTeqecxe npeACTanneu B pa6oTe _J /puc. 2/, B cpaa
ueuee c 3KcnepHMeHTOM npeae.n.euhl ua puc. 5,6. Cep;:1.eq
HHKB MarHHTOilpOBOAa HMnyJILCHOro·TpaHcq>OpMaTopa nyWKH 
3AeCL Te )Ke, lJTO H cep.n.etJHHKH BLIWeynoMJIHYTbIX HH;:l.yK-
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TopHLIX cexiiHii JIHY. H<l>JI 6Lina onHcaHa al 4 /. Pac•,i:eT 6Lin 
npone,neH .nm1 •rncna HH.D;YKT0p0B N = 11, HCil0ilh30BaBllIHXCH 
B 3KCnepHMeHTe. HMnynhC OT H<l>JI nepe,naaancH Ha HH,nyx
T0phl TpattcqiopMaTopa 24 napannenLHLIMH xa6enHMH /na
paMeTphl CM. Bhlllle/. 
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Puc. 4. HMnyAbC 1110Koeou Hazpy3KU OA.11 puc. 3. 

Ha6op eMKOCTeii H<l>JI, HCil0ilb30BaHHhIX B 3KcnepHMeH-
Te H pac'leTe, 6Lm cne,nyro~HM: /a Thie. n<I>/ · 

10, 5, 10, 10, 10 - ,nnH 1-ii nHHHH H 
10, 5, 5, 5, 10, 10, 10 - ,nnH 2-oii nHHHH. 

CaK = 94 "n<I> • . HH.D;YKTHBHOCTH B 3KcnepHMeHTe H3MepeHLI He 
6LinH, a pac'leTHble HH.D;YKTHBH0CTH 6i.inH /n MKI'H/: 

0,85; 0,68; 0,45; 0,33; 0,75 - ,nnH 1-ii nHHHH H 
0,85; 0,68; 0,45; 0,33; 0,50; 0,4 - ,nnH 2-oii nHHHH. 
BBH,ny Toro, 'ITO B 3KCilepHMeHTe /KpHBaH 1, puc. 5/ 

HMeeT Mec:To cny'laii He nnontte cqiopMHponaHHoro HMnynLca 
HanpuKeHHH /Ha ero BepllIHHe HeO,D;HOp0,D;HOCTb HailpH:>KeHHJI 
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Puc. 5. 3KcnepuMeHl/laAbHblU /1/ u pac-.el/lHblU /2/ UMnyAb
Cbl Hanp.11J1CeHUJI 6_ KUA060Ablllax Ha UMnyAbCHOM mpaHqfiop
Mamope 3AeKIIIPOHHOU nyWKU JIHY- 30/250 C y-.emoM Hazpy3-
KU ny'lKOM. 3 - UMnyAbC Hanp.11J1CeHUJI OA.11 111ex JICe YCA06UU, 
HO npu 0111cy111cmeuu IIIOKa 3MUCCUU C Kamooa; 4 - UMnyAbC Ha
np.11J1CeHUJI npu uzHopupoeaHuu 1110Ka cMe111euu.11; 5 - c<fiop
MUpoeaHHblu pac-.elllHblU UMnyAbC C yooeAe111eopu111eAbHOU 
OOHOpOOHOCl/lblO Hanp.11J1CeHUJI Ha "c1110Ae ". 

,D;0CTHraeT ±10~/. n pac'leTe /KPHBaJI 2/ Mbl no,no6panH 
TaKHe HH.D;YKTHBHOCTH H<l>JI, K0TOpble C03,D;alOT npHMepH0 
TaKylO :>Ke, KaK B 3Kcnepm.teHTe, qJOPMY HMnynLca, a He 
CTpeMHnHCb x H,neanbHOH HaCTpoiixe H<l>JI. O,nHaKO u Ha 
3T0M Ha6ope MO:>KH0 Il0HHTb nee oco6eHHOCTH pa60Thl cu
CTeMbl "H<l>JI - . 3neKTP0HHaH nyrnxa". TeM He MeHee, 
'IT06hl noKa3aTb IlPHHUHilHanLHYIO B03MO:>KHOCTh nony'leHHH 
HMilYilbCa C xoporneii O,D;H0PO.D;HOCThlO HanpH:>KeHHJI Ha "cTo
ne", ,naeTCH pac'leTHaJI KpHBaH 5, nony'leHHaJI c ,npyrHMH Li. 

Kax H cne,nonano O:>KH,naTL, cymecTnonaHHe HarpyJKH 
T0KOM CMemeHHH Hap.11,ny C Harpy3KOH T0K0M ny'IKa ,neMnqiH
pyeT nepena.n HanpH:>KeHHH Ha pa6oqeii 'laCTH HMilYilbCa, 'ITO 
BH,D;HO H3 cpanHeHHJI KpHBhIX 2 H 4 Ha PHC. 5. 
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qTO KacaeTCH Ko34>4>BUBeHTa none3HOro AeHCTBBH nyw

KH, TO AilH paCCMOTpeHHLIX napaMeTpOB OT TOKa CMell\eHBH 

OH npaKTH-'leCKB He 3aBBCBT B COCTaBnHeT "'36% KaK npu 

ytJeTe J , TaK B npu BrHopupoaaHBB nocneAHero. BenB'IBHa 

Kn)], B CAaHHOM cnyqae Cyll\eCTBeHHO npeBOCXOABT ero Be -

nutJliuy, nonytJeHHYJO AilH ycKopuTenLHLIX ceKUBH no TOH 

npH'IHHe, 'ITO TaM HMilYilhC Harpy:lKaIOll\e ro ny'IKa 6Lin B3HT 

KOpoqe HMnynhca HanpH:lKeHHH Ha ceKUBHX. He3aBBCBMOCTh 

Kil)J, OT .Jc HBnHeTCH, O'leBHAHO, cneACTBBeM 3HaKonepeMeH

HOCTH nocneAHero /cM. KPHBYIO 4 Ha puc. 6/ npB OAHOBpe

Menuoii OAHHaKOBOCTB 3HaKa HanpH:lKeHHH. 
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Puc. 6. HMnyA&c&1 moKa e aMnepax OAJI ycAoeuu, coomeem
cmey101J1UX- puc. 5. 1 - 3AeKl!IPOH1lblU l!IOK Ha BblXOOe U3 
nywKu / a = 2,3.1 Q-6 A/B 3/2 /, 2 -: noA11&1u moK, 3 - 3AeKm
po1111&1u ~K npu/ u211opupoea11uu moKa CMeU1e1tuJ1, / a = 
= 2,3.10 A/B 3 2 /, 4 - moK CMeU1e1tuJ1 npu omcymcmeuu 
3AeK1t1po111102.o moKa. 
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3AKJJ/Of/BHHB 

IlpBBe,lleHHWe pe3yJIIoTaTw, 11ony11eHHWe npB pemeHBB 

Ha 3BM CBCTeM ypaBHeHBB, COCTaBJieHHWX C IIOMOIQI,,IO 

pa3BBTOi B /1/ TeOpBB, y,z:,;oBJieTBOPBTeJIIoHO cornacyioTCJI C 

3KCJiepBMeHTOM BO Bcex IIPBBe,lleHHWX /B TOM 11HCJie B HaB-

6onee CJIO~wx/ CJIY11aJIX 3aBBCJIIQBX OT BpeMeHB Harpy30K. 

IlpB 3TOM B pe3yJIIoTaTe pemeHBJI IIOJIY'laeTCJI CYIQeCTBeHHO 

6onee To11HaJ1, MHoroo6pa3HaJI B 110JIHaJ1 aa4>opMaIU1J1, 11eM 

3TO MoryT o6ecne11BTI,, Tpa,xumBOHHWe JipB6JIIDKeHHWe aaa

JIBTB11eCKBe MeTo,z:,;w. 

Ilpe,z:,;cTaBJIJleTCJI o60CHOBaHHOi yaepeHHOCTlo B TOM, 

'ITO 3TA TeOpBJI 1103BOJIBT pemaTio OCHOBHWe 3a,lla11B aHaJIB3a 

pa60TW CBCTeMW "Hcl>JI - Harpy3Ka" B CBHTe3a ee OJITB· 

MaJiloHWX cxeM B Ka:lK,llOM KOHKpeTHOM cny11ae. 

B 3aKJI1011eHBe C'IBTaeM IIPBJITHWM ,llOJirOM 1106Jiaro,z:,;a

pBTI,, n.C.Allllynoaa B P .B.Xap1,,103oaa 3a MHoro11acneaHwe 

JI0Jie3HWe ,llBCKYCCBB, H.H.fileJIOH:QeBa • 3a IIOMOIQI,, B OTpa-

60TKe nporpaMMW, a TaK)l(e COTPY.llBBKOB HHH34>A B.r .JCB· 
TeHeBa B A.H.OpJIOBa - ;ia BWIIOJIHeHHWe B3MepeHBJI. 
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