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Po60TO swnonHeHO B 06meMHCTMTYTCKOM HOY4HO-MeTOAM4eCKOM OTAeneHMM 06beAMHeHHOf0 

MHCTHTYTO AAePHWX MccneAOBOHM~ 

HOY4HYA PYKOBOAMT8nb: 

KOHAMAOT WM3MKO-MOTeMOTM4eCKHX HOYK 

()tMQMOnbHY8 onnOH8HTY: 

AOKTOP TeXHM4eCKMX HOYK 

KOHAMAOT TeXHH4eCKMX HOYK 

8eAY1188 HOy4HO-MCCJ18AOBOT8nbCK08 y4peQ8HM8! 

non6MnOB 
reHHOAM~ BopnOMOBM4 

~YPMOH 
3ABMH ryrOBM4 

0BCAHHMKOB 

BnoAMMMP nerpoBM4 

MOCKOBCKM~ MHIKeHepHO-WM3M4eCKM~ HHCTMTYT, MOCKBO. 

3omMTO AMCCepTOQMM COCTOMTCA 112!:•~~ 1990 r. B ____ 40C. 

HO 3aceAOHMM CneQMOnM3MPOBOHHOro cosero a.047.01.02. npM na6opaTOPMM BYCOKMX aHeprM~ 

06beAHHeHHOfO HHCTMTYTO AAepHWX MCcneAOBOHM~, ay6HO, MOCKOBCKOA o6nOCTM. 

C AHCCePTOQMe~ MOIKHO 03HOKOMMTbCA B 6M6nHOTeKe 0~R~. 

Asrope~epor po3ocnoH •~·" JLaJe. 1990 roAa. - ~ 
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()filAH XAPAKTEPMCTMKA PA601Y 

AKryonbHOCTb npoff.11811Y. ny4KM aneKTPOHOB OTHOCMTenbHO HH3KOA aHeprMH (0,5t30 MaB) 

HO BYCOKOA HHTeHCHBHOCTH (102t104 A) HMemT 4pe3BY40~HO 6onbWHe B03MOIKHOCTM npMMeHeHHA 

B HOyKe, TeXHHKe, MeAMQHHe M HOPOAHOM X03M~CTBe. OHM MCnonb3ymTCA ARA reHepOQHH CB4-

H3ny4eHHA, HOK04KM R03epoa, ARA nony4eHMA HHTeHCMBHOro peHTreHOBCKoro M3ny4eHHA, B 

KORneKTHBHYX MeTOAOX YCKOpeHHA, B POAMOQMOHHO~ XHMMH H POAH06HonorMH. Oco6w~ HHTepec 
npeACTOBnAeT noHcK peweHHA npo6neu ynpoeRAeMoro repMOAAepHoro CMHTe3o c noMO~bm aReK

TPOHHYX ny4KOB. TOKMe ny4KH nony40mT B YCKOPHTenAX P03nH4HYX THnoa. Bo MHOfMX CRY40AX, 

HOnpHMep, B aKcnepHMeHTOX no KOnReKTHBHOMY ycKopeHHm, ARR noRy4eHHA MO~HYX ecnwweK 

peHTreHOBCKOfO H3Ry4eHMR H CB4-Kone60HH~, HOH60Ree nOAXOAA~HM MHCTPYM8HTOM OK03ancA 

RHHe~HY~ HHAYKQHOHHY~ yCKOPHTenb (R~Y). noarouy MHOfM8 Ra6oparopHH,KOK BHYTPH CTPOHW, 
TOK H 30 py6eJKOM, 30HHMOmTCA pa3pa60TKO~ M C03AOHHeM ace 60Ree coeepweHHWX n~Y. CMnb

HOT04HY~ HHAYKQHOlfHW~ nMHe~HW~ YCKOPHTeRb aneKTPOHOB C~nYHa-20, HCnOnb30BOHHY~ B K0-

48CTBe MHJKeKTOPO KORReKTHBHoro YCKOPHTenA, OTnM40eTCA BWCOKO~ QHKnM4HOCTbm (AO 50 ru) 

H CT06HnbHOCTbm napOM8TPOB. n~Y C~nYHa-20 n03BOnAeT ~OPMHPOBOTb ny4KH aneKTPOHOB C 

TOKOM AO 1 KAH 3HeprHe~ AO 2 MaB. 

Uenb oofforw. 
1. Pa3pa60TKO, C03AOHHe H 30nyCK OCHOBHYX CHCTeM CMnbHOT04HOf0 "HAYKUHOHHoro nH

H8AHoro YCKOPHTenA HOHOCeKYHAHOfO AHOn030HO C~nYHa-20. 
2. 3KcnepHMeHTOnbHOe HCCReAOBOHHe OCHOBHYX CMCTeM YCKOPHTenR H xapaKTepMCTHK 

ny4KO aReKTPOHOB. 
Hoy4HY!1 HOBM3HY pa60TW COCTOBRAmT HOBYe TeXHM4eCKH8 peweHHA no cnoco60M ~OpMHPO

BOHHA, TPOHcnopTHPOBKH H YCKOpeHHA CHnbHOT04HYX aneKTPOHHYX ny4KOB B R~Y. 0 TOKJKe HO
ewe pe3YRbTOTY HccneAOBOHMA ny4KQ M CMCTeM YCKOPHTeRA. npeAt.OJKeHW M peanH30BOHY nna3-

M8HHY~ HCT04HMK aneKTPOHOB, CHCTeMO MHAYKUHOHHOro yrKopeHHA H CHCTeMO TPOHCnopTHPOBKM 

ny4KO n~Y. noK030HO cymecTBOBOHHe noporoaoro AOBneHHA B o6naCTM KOTOAO nn03MeH~ro 

HCT04HHKO H AHOn030HO reoueTPM4eCKHX H aneKTPOTeXHH4eCKHX napaMerpoa, onpeAenAmmHx 

CT06HnbHOCTb TOKO H pecypc pa60TY MCT04HHKO. OnpeAeneHY rpe60BOH~A K CHCTeMOM ycKOPH

T8RA, o6ecne4HBOm~Me uanwe norepH H H806XOAHMym CT06MRbHOCTb ny4KO. 

llpaKTMlleCHOR U8HHOCTb. nony48HHYe pe3ynbTOTY no3BOnMnM peanH30B0Tb C03AOHMe 

CHnbHOT04HOro MHAYKUMOHHOro RMHe~Horo YCKOPMTeRA HOHOCeKYHAHOro AHOn030HO c~nYH~-20 -

MHIKeKTOPO KORneKTMBHOfO yCKOPMT8nA TAJKenwx MOHOB. 
Pe3yftbTOTY AMCCePTOUMM uoryr 6YTb MCnORb30BOHY npM pa3pa60TKe nMHe~HYX MHAYKUMOH

HYX YCKOPMTene~ ARR pa3nM4HYX 06ROCTeA HOYKH, TeXHMKM M HOPOAHOro X03A~CTBO. 
AIJ)OffOUMR pa(Jorw. MOT8PMORY AMCCePTOQMM npeACTOBRAnMCb H AOKnOAYBOnMCb HO Coae

.OHMM no npo6ReMOM KORneKTMBHYX MeTOAO~ yCKOPeHMA B r.ay6He (1982 r.), IX Bcecom3HOM 

coee~OHMM no yCKOPMT8RAM 30PAIK8HHYX 40~TMU B r.Ay6He (1984 r.), MelKAYHOPOAHOA KOH~e
peHQMM "R~HAK-86" e r.CTeH~OPA8, CIIJA (1986 r.) M MelKAYHOPOAHO~ KoHwepeHQMM no ycKOPM

T8RRM 40CTMU BYCOKMX 3HeprMA B r.HOBOCM6MpcKe (1986 r.). 
nyfflllllHOUMM. OCHOBHYe pe3ynbTOTY, BOWeAWMe B AMCCepTOQMm, OTPOJKeHY B 10 ne40THYX 

pa60TOX, ony6nMKOBOHHYX B IKYPHOne "npH6opw M TeXHMKO 3KcnepMMeHTO", TPYAOX CosemaHMA 

\1-" I 
:~ '.\ ·~.:., 
' ..,,. H·•·'.' H•r ............. 

,, -~ . 
) l-· f,· 

... •ll'f'i ...... 



no npo6neMOM KOnneKTMBHWX M8TOAOB yCKOP8HMA,B BMA8 npenpMHTOB M coo6.eHMR o~~~. a 

TOKM8 M306peTeHMR. 
()(i'b811 poGOTM. AMccepTOUMOHHOA pa6oTO M3nOM8HO HO 96 CTPOHMUOX MOWMHOnMcHoro 

T8KCTO, MnnijCTpMpyeTCA 51 PMCYHKOM. AMccepTOUMR COCTOMT M3 BB8A8HMR, 4eTwpex rnas, 

30Knm48HMR M cnMCKO Mcnonb30B0HHOR nMT8POTYPW M3 88 HOMM8HOBOHMR. 

COAEPIAHME PA60Tbl 

Bo BB8J8HMM o6oCHOBOHO OKTYOnbHOCTb T8MW AMCC8PTOUMM, KPOTKO M3nOM8HW npMHUMnW 

nocTpoeHMR n~Y. OCHOBHWe MeTOAW WOPMMPOBOHMR, TPOHcnopTMpOBKM M ycKOP8HMR 3neKTPOH

Horo ny4KO B n~Y. CWOPMYnMpOBOHO uenb pa60TW, AOHO XOPOKT8PMCTMKO MCCn8AY8MOR npo6-

neMW. KpaTKO OTPOMeHW COAePMOHMe, CTPYKTYPO AMCCePTOUMM, npMB8A8HW OCHOBHW8 nonome-
HMR, BWHOCMMW8 HO 30~MTy. 

8 nepaoA fJIQB8 paCCMQTpeHW sonpocw, CBR30HHW8 C pa3pa60TKOR, C03AOHM8M M MCcne-

AOBOHMeM CMCT8MW WOPMMPOBOHMR ny4KO aneKTPOHOB yCKOPMTenA c~nYHA-20
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: KOHCTPYK
UMA, npMHUMn A8RCTBMR M M3MepeHM8 xapaKTepMCTMK CMCT8MW WOPMMPOBOHMR/
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AOHHOR CMCTeMW OT APYfMX, TOKM8 MCnOnb3ym~MX nna3MeHHWR MCT04HMK 3neKTPOHOB, 30Knij4Q-

8TCR B BWCOKOR 4QCTOT8 cneAOBOHMR MMnynbCOB (50 ru), B CT06MnbHOCTM TOKO ny4KO OT MM

nynbCO K MMnynbCY (HeCT06MnbHOCTb He npeswwaeT 1%) MB 6onbWOM pecypce pa60TW xonOAHO

ro KOTOAO, npeeocXOAA.eM 700 40COB (npM 4QCTOT8 50 ru). 
B nepBOM naparpawe npMBOAMTCA onMCOHMe nna3MeHHOf0 MCT04HMKO aneKTPOHOB ycKOPM-

TenR c~nYHA-20. BHe■HMR BMA M cxeua MCT04HMKO noKa3aHw HO pMc.1 M pMc.2. 

PMc.2. CxeMa nna3-

MeHHoro MCT04HMK0 

aneKTPOHOB. 
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PMC.1. 06~MR BMA CMCT8MW WOPMMPOBOHMR 

ny4KO. 

3 4 6 

~ronb40TWR KOTOA 5 M3fOTOBneH M3 eonbWPOMQ M YCTOHOBneH HO BXOAe P03PRAHOR 
TpyGKM 3. AHOA 6 npeACTOBnReT co6oR nonwR MeTannM48CKMR UMnMHAP M YCTOHCBneH HO BW
XOA8 P03PRAHOR KOMepw 1. HaTeKOHMe ra3a ocy.ecTBnReTCR 4epe3 KOTOAHWR mTOK 8 Henoc

peACTBeHHO B o6nacTb 3MMCCMM KOTOAO M perynMpyeTCA C nOMO·b~ HOTeKOTenR 7. 0TK04KQ 

npOMCXOAMT co CTOPOHW OHOAO. MarHMTHOe none WOPMMpyeTCR. c nOMQ.bij OHOAHOR nMH3W 4. 

PaccMOTPMBOeTCR MOAenb MeXOHM3MO o6p030BOHMR nnoTHOR nn03MW B npOTRM8HHOM P03~AA~ 

HOM KOHane C rpOAM8HTOM AOBneHMR OT OHOAO K KOTOAY M WOPMMPOBOHMA ny4KO YCKOpeHHWX 

aneKTPOHOB, n03BOnMBWQA ew6pOTb reoMeTpMm MCT04HMKO M AMOn030H pa604MX napaMeTpOB. 

YK03WBOeTCR HQ cy.eCTBOBOHMe rpaHM4HOfO AOBneHMR OCTOT04H0f0 f030 B o6nacTM KOTOAO, 

H04MHOR C KOTOporo enMRHMe xonOAHOfO KQTOAO HQ npouecc 3MMCCMM CTOHOBMTCR npeHe6pe■MMO 

Mano. npM 3TOM 3H04MT8nbHO B03POCTOmT CT06MnbHOCTb TOKQ ny4KO M pecypc pa60TW KOfOAO. 

noK030HQ ponb nPOAOnbHOfO MOfHMTHOfO nonR B npouecce WOPMMPOBOHMR nn03MeHHWX 

aneKTPOJOB. MarHMTH08 none cnoco6cTBY8T o6p030BOHM~ B P03PAAHOM KOHane o6nacTM C noHM-
18HHOR KOHU8HTPOUM8R nn03MW, K KOTOpoR OK03WB08TCR npMno■eHHWM YCKOPAIOlllee HOnpR■eHMe. 

nony48HO oueHKO WOKTOPO 3QMQfHM4eHHOCTM nna3M8HHOf0 KOTOAO. 
Bo BTOPOM naparpawe POCCMOTPMBOmTCR CXeMO M pe3ynbTQTW MCCneAOBOHMR BWCOKOBOnbT

HOfO MOrHMTHOfO reHepaTopa HOHOCeKYHAHWX MMnynbcos167 , npeAH03H04eHHOfO AnR npeABOPM

TenbHOR MOHM30UMM f030 B nn03MeHHOM MCT04HMK8 3neKTPOHOB. npeAn0■8HHOR cxeMO (pMc.3) 
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PIIC.3. CxeMO MOfHMTHOfO 
reHepaTopa. 

WOPMMpyeT MO.HWe BWCOKOBOnbTHWe MMnynbCW C KOPOTKMM WPOHTOM. KOMMYTOTOPOM RBnReTCA 

TMPOTPOH. Mo.HOCTb npeABOPMTenbHO TPOHCWOPMMPOBOHHOfO MMnynbCO noswwaeTCR C nowo•b~ 
warHMTHoro 3BeHa, 3aTeM ocy•ecTenReTcR'o6ocTpeHMe era WPOHTO M WOPMMPOBOHMe cnaAa. 

0TnM4Me AOHHOro reHepaTopa OT APYfMX, TOK■e Mcnonb3ym.MX HenMHeRHwe cxeww, 30K~40eT

CR B TOM, 4TO OH pa60T08T npM cy.eCTB8HHO 6onee BWCOKMX HanpR■eHMRX. 
npoeeAeH OHOnM3 pa60TW CX8MW, npMBOARTCR onMCOHMe KOHCTPYKUMM M pe3ynbTOTW M3-

M8P8HMR XOPOKTepMCTMK MQfHMTHoro reHepaTopa. 
npM nOMO.M MQfHMTHoro 388HO nony408TCR BWMrpwm no HanpR■eHMm B 2,5 P030. B KOOK

CMOnbHOR nMHMM C ~eppMTOM npoMCXOAMT yMeHbWeHMe WPOHTQ AO 3 HC npM HOnPRM8HMM 250 KB. 

Ha BWXOA8 reHepaTopa WOPMMpymTCR BWCOKOBOnbTHWe MMnynbCW C AnMTenbHOCTbm WPOHT0~6 HC 

M OMnnMTYAOR ~ 170 KB. 
B TP8Tb8M naporpowe npMBOARTCR pe3ynbTOTW MccneAOBOHMR XOPOKT8PMCTMK nn03MeHHOro 

MCT04HMKO aneKTPOHOB. AMan030H pa604MX peMMMOB MCT04HMKO: TOK AO 1,2 KA, 3HeprMR 3neK
TPOHOB AO 400 K3B, AnMTenbHOCTb MMnynbCO TOKO ~40 HC, 40CTOTO cneAOBOHMR MMnynbCOB 

Ao 50 ru. 
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Ha PMC.4 naK030HM BOnbT-OMnepHMe XOPOKTepMCTMKM MCT04HMKO. ~3 PMCYHKO BMAHO, 4TO 
BO3MOMHO AOnbHe~wee yeenM4eHMe TOKO ny4-
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PMC.4. BonbT-OMnepHMe XOPOKTepMCTMKM 

MCT04HMKO aneKTPOHOB npM AOBneHMM 
~ = 2-10-3 Top (1)

4
10-3 Top (2), 

8·10-4 Top (3), 6·10- Top (4), 
5.10-4 Top (5), 4.10-4 Top (6). 

npM 40CTOTe cneAOBOHMR MMnynbCOB 50 ru. 

M He B03POCTOeT B npouecce pa60TM. 

KO npM noewweHMM MOKCMMOnbHOro HOnpAMeHMA 

MOAYnRTopa. Cymecreyer WMPOKOR o6nOCTb 

3H04eHM~ MOrHMTHoro nonR OHOAHO~ nMH3M, 

npM KOTOPMX K03~~MUMeHT npoXOMAeHMR TOKO 
30 OHOA 6nM30K K eAMHMue. npoeeAeHHMe MC

cneAOBOHMR no3BOnMnM onTMMM3MPOBOTb reo
MeTpMij MCT04HMKO. HO~AeH peMMM pa60TM 

MCT04HMKO, B KOTOPOM AnA npeABOPMTenbHO~ 

MOHM30UMM ra30 B P03PAAHOM KOHane AOCTO

T04HQ npeAMMnynbCQ MOAynRTopa. 
OnpeAeneHO CKOPOCTb pacnpocrpaHeHMR 

~POHTQ MOHM30UMM B AOHHMX ycnOBMRX 
( .... 108 CM/CeK). Bee M3MepeHMA npoBOAMnMCb 

Hecra6MnbHOCTb TOKO MCT04HMKO He npeewwoer 1% 

Bo BTopoM fllQBB paCCMOTPMBOIDTCR eonpocw pa3pa60TKM, MCCneAOBOHMA M TeXHM4eCKO~ 

peanM30UMM CMCTeMM TPOHcnopTMPOBKM ny4KO YCKOPMTenA c~~YHA-2014 ,71 • 
B nepeoM naparpa~e rnoew c~opuynMPOBOHM rpe60BOHMR K CMCTBMe TPOHCnopTMPOBKM, 

AOeTCR onMCOHMe ee KOHCTPYKTMBHMX oco6eHHOCTe~. CMCTeMO TPOHCnopTMPOBKM (pMc.5) coc
TOMT M3 4eTwpex yCKOPMTenbHMX rpy6oK 6, nRTM OTKQ4HMX KOMep 7 HO CTMKOX MHAYKUMOHHMX 

ceKUM~ M ~OKYCMPYIOUIMX KOTyweK 9. AMa~parMMPOBOHHOR yCKOPMTenbHOR rpy6Ka MMeeT BHYT

peHHM~ AMOMeTp aneprypw 70 MM. ~cnonb30BOHM MeMceKUMOHHMe KOMepw ABYX TMnOB. B OAHOM 

cny4ne MOTepManoM RBnAeTCR KepOMMKO, B APYrOM - nMCTOBO~ TMTOH ronmMHO~..., 0,5 MM. 

npoeeAeHM pac4eTw rpe6yeMO~ eenM4MHM ~OKYCMpymmero MOrHMTHOro nonA M napaMeTpoe 
~OKYCMpymme~ CMCTBMM, A□HO o60CHOBOHM8 ew6opa AnMTBnbHOCTM TOKOBOro MMnynbCO, nMTQij

maro ~oKycMpymmMe KOTyWKM (50 MKC), M onMCOHMe MX KOHCTPYKUMM. A3MMYTOnbHOA OAHOPOA
HOCTb ~OKYCMpymmero MOrHMTHoro nonR noewwaeTCR nyTBM MCnOnb30BOHMR cnBUMOnbHO~ reo

MeTpMM BMBOAOB KOTyweK. npoAOnbHOA OAHOPOAHOCTb ~oKycMpymmero nonA B MemceKUMOHHO~ 

o6naCTM AOCTMraeTCA npM noMomM CMMMeTpM4HO pa3pe30HHMX MBAHMX nonwx UMnMHJI.POB C ron

mMHO~ CTeHKM 6onbWe~. 48M eenM4MHO CKMH-cno~, pacnonoMeHHMX HO BHYTPBHHMX CTBHKQX OT

K04HMX KOMBP ~ YCKOPMTenbHMX rpy6oK. OpMBBABHO 06bACHBHM8 npMHUMna AB~CTBMA ewpae

HMBOIDmMx UMnMHAPOB. 
060CHOBOHO He06XOAMMOCTb CMMMBTPM30UMM ecex MeTannM48CKMX aneMeHTOB YCKOPMTenb

Horo TPOKTO. Pe3ynbTOTOM ABnAeTCA noewweHMB 03MMYTOnbHO~ OAHOPOAHOCTM ~OKYCMpymmero 

MOrHMTHOro non A. 
0TCYTCT~~ norepb ny4KO M HOA8111H08 oxnOHIABHMB ~OKYCMPYIDmMX KOTyweK, BMPOBHM

eammMx UMnl'lllAPOB, AMO~parM M TMT□Hoewx Me111ceKUMOHHMX K□Mep o6ecne4Meaer pa6orocno
co6Hocrb CMCTBMM TPOHcnopTMPOBKM ny4KO C 4QCTOTO~ 50 ru. ~OKYCMpymmoA CMCTBMO ~OPMM

pyeT coneHOMAOnbHOB MOrHMTHOe none c MHAYKUMB~ AO 0,4 T. 
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Bo BTOPOM noporpote npoH3BeAeHO OUBHKO BnHRHHR HeOAHOPOAHOCTH WOKYCHPYIDmero 

MOfHHTHOfO nonR HO ny40K H onpeAeneHW Tpe6oBOHHR K OAHOPOAHOCTH nonR. npv.BeAeHW 

pe3ynbTOTW HccneAOBOHHR BnHRHV.R HO HMnynbCHOe MOfHHTHOe none AnHTenbHOCTbffi 50 MKC 

cneUHOnbHWX BWPOBHHBOIDmHx 3KPOHOB, noswwoIDmHx OAHOPOAHOCTb WOKYCHPYIDmero nonR. 

npoBeAeHHWe H3MepeHHR no3BOnHnH onTHMH3HPOBOTb reoMeTpV.ID topuv.pyIDme" CTPYKTy

p~. PocnpeAeneHHB WOKYCHPYIDmero MOfHHTHOro nonR BAOnb OCH YCKOPHTBnbHOro TPOKTO no

K030HO HO PHC.5. HeoAHOPOAHOCTb nonR HO CTMKOX ceKUHH He npeswwoeT :!_6%, HeCMOTPR HO 

HOnH4V.8 3H04V.TenbHMX T8XHOnOrH4eCKHX npoueMyTKOB AnR BOKYYMHMX Vo AV.OfHOCTV.48CKV.X 

ycTpO"CTB. A3HMYTOnbHOR HeOAHOPOAHOCTb MOfHHTHOro nonR HO POAHYCB 30 MM MeHee :!_1,5%. 

npHBOARTCR pe3ynbTOTM 3KCnepHMeHTO~bHOro v.ccneAOBOHHR TennoBMX peMHMOB po60TM 

aneMeHTOB H y3n0B CHCTeMM TpOHCnOPTHPOBKH. CHcTeMO cnoco6HO HOAeMHO H AOnrospeMeHHO 

WYHKUV.OHV.POBOTb C 40CTOTO" 50 ru npH TOKOX B WOKycv.pyIDmHx KOTYWKOX ,.., 2 KA. ~3Me

peHHe KOSWWHUHBHTO ToKonpoxoMABHHR ny4KO no ycKOPHTenbHOMY TPOKTY noKo3ono, 4TO OH 

npeswwoeT 95%. 

TpelbR fJIQBO AHCCepTOUHH noCBRmeHO BOnpocoM po3po60TKV., C03AOHHR H HccneAOBO

HHR HHAYKUHOHHO" CHCTeMM YCKOPHTBnR C~AYHn-2□. 

B nepBOM noporpowe npHBeAeHW KOHCTPYKTHBHMe oco6eHHOCTH HHAYKU~iOHHO~ CHCTe
MW/4,8/_ 

YCKOPHTBnb COAePMHT 120 HHAYKTOPOB, 06b8AHH8HHMX B 5 YCKOPRIDmHX CeKUH~. nnR 
30nHTKH CBKUH" HCnonb3Y8TCR MOAYnRTOP C YCHneHHeM HMnynhCHO" MomHOCTH. MOAYnRTOP 

~OPMHPYBT HMnynbCM AnHTBnbHOCTbffi 30 HC c ounnHTYAO" HOnPRMBHHR 17 KB H TOKO 35 KA. 

~MnynbCHOR MOmHOCTb ,., 600 MBT, 4TO AOCTOT04HO AnR 30nHTKV. CAHO~ ceKUHH YCKOPHTBnR. 

~HAYKTOPW BMnOnHeHW HO weppHTOBMX C8PA84HHKOX H no ABO 30KnID4eHM B o6mH" M8TOnnH-

48CKH~ Kopnyc. noABOA HOnPRMeHHR OT ABYX AHOMeTponbHO pocnonomeHHMX BMCOKOBOnbTHMX 

BBOAOB K ·nepBH4HMM BHTKOM HHAYKTOPOB ocymecTBnReTCR nonOCKOBWMH nHHH~MH. ~OKYCHPYID

moR KOTYWKO neHT04HOro THnO ~HKCHPYBTCR C noMombID cneuv.onbHWX ynopoB, OAHOBP8M8HHO 

ooecne4HBOIDmHx KOHTOKT C AHOfPOMMOMH YCKOPHTenbHOro TPOKTO. Kopnyco HHAYKTOPOB, 

06b8AHH8HHMe B ceKUHH (pHc.6) 30nonHBHM TPOHCWOPMOTOPHMM MOCnOM. 

npoBBABH POC48T 3KBHBOneHTHOro conpoTHBneHV.ff HHAYKTOpo ( .-. 10 OM), n03BOnHB

WH~ Bw6pOTb BOnHOBOe conpOTHBneHHe nOABOARmHx nonOCKOBMX nHHH" v. OUBHHTb HX reo

M8TPH48CKH8 P03Mepw. C uenbID Bw6opo cnoco6o oxnOMAeHHR npoBOAHTCR OUBHKO B YCTOHO

BV.BWBMCR TennoBOM PBMHMe npeBMWBHV.ff TeunepoTypw CBPA84HHKO Vo ~oKycv.pyIDme~ KOTYWKV. 

V.HAYKTOPO HOA TeMnepoTypo" OKPYMOIDme~ cpeAw npv. po6oTe HHAYKUV.OHHO~ H ~OKYCHPYID

me~ CHCT8M C 40CTOTO~ 50 ru. 

noeTCR onHCOHH8 KOM6HHHPOBOHHOro cnoco6o oxnOMAeHHR KOHCTPYKT~BHWX sneMeHTOB 

V. y3nOB, 0 TOKM8 YCKOPRIDme~ C8KUV.H B uenoM, o6ecne4HBwero OTBOA POCC8V.B08MO~ B C8K

uv.v. MomHOCTH H po6oTocnoco6HOCTb HHAYKUHOHHO" CV.CT8MW C 40CTOTO~ 50 ru191 . 
Bo BTOPOM noporpowe npv.BOARTCR OCHOBHbl8 pe3ynbTOTW 3KcnepHM8HTOnbHoro v.ccne

AOBOHV.ff HHAYKUHOHHOil,CV.CTeMw. 

noK030HO, 4TO B8nH4V.HO BOnHOBoro conpoTv.Bn8HV.ff nOABOARmHx nonoCKOBWX nv.Hv.~ V.H
AYKTopo COOTB8TCTByeT POC48THO~. CyMMOPH08 HanpRM8HH8 OAHO~ yCKOPRIDme~ CBKUV.V., 
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PMc.6. KaHCTPYKUV.ff yCKOPRIDme~ ceKUV.V.. 

' 

HorpymeHHO~ ny4KOM C TOKOM 

,..., 1 KA, COCTOBnReT,.., 400 KB. 

npv.BeABHO HOfPY304HOR XOPOKT8-

PV.CTV.KO YCKOPRIDme~ C8KUHH,n03-

BOnRIDmOR CAenOTb BWBOA O TOM, 

4TO MOKCHMOnbHOR nepeA040 MOm

HOCTH B HOrpy3Ky (~400 MBT) 

npoHCXOAV.T npH TOKe ~ 1 KA. 

~ccneAOBOHHe TeMnepoTyp

HMX 30BHCHMOCTe" npoBOAV.POCb 

C nOMOmhm TepMonop,yCTOHOBneH

HMX HO toKycv.pywme" KOTywKe, 

ynopox, ~V.KCV.pymmv.x KOTYWKY, 

~eppHTOBOM cepAe4HV.Ke H Kopny

ce OAHOro H3 V.HAYKTOPOB, co6-

POHHMX B CBKUHID H 30nonHeHHMX 

TPOHCWOPMOTOPHWM MocnoM. ~3-

MepeHHR npOV.CXOAV.nv. npv. cne
AYIDmHx ycnoBHRX: 40CTOTO cne

AOBOHHR V.MnynbCOB - 50 ru, 

CYMMOPHOe HonpRleHHe C8KUHV. -

400 KB, AnHTenbHOCTb HMnynbCO 

HonpRMBHV.R - 30 HC, OMnnHTYAO 

HMnynhco TOHO B WOKYCHPYIDmHx 

KOTYWKOX - 2 KA, AnHTenbHOCTb 

HMnynhCO TOHO - 50 MKC. 

OCHOBHWe pe3ynbTOTW v.ccneAOBOHV.ff Tennosoro peMHMO po60TW HHAYKUHOHHO~ CV.CT8M~ CBOART

Cff K cnBAYIDmeMy. nepenOA TeMnepoTypw M8MAY COMO~ ropR4e~ (~OKYCHpymmoR KOTYWKO) V. CO

MO~ xonOAHO" (Kopnyc V.HAYKTOPO) T04KOMV. He npeswwoeT 17 rpOA. OxnOMAOff KOpnyca HHAYK

TOPOB,MOMHO 3~~eKTHBHO oxnOMAOTb B8Cb BHYTPBHHV.~ 06beM YCKOP~IDme~ ceKUHV.. C noMombID 

BOARHWX POAV.OTOPOB YA08TCR nOAABPMV.BOTb TeMnepoTypy nosepXHOCTH ycKOOP.IDme~ ce~uv.v. B 

npeAenax 40-50 fPOA, 4TO RBnReTCR AOCTOT04HWM Anff HOPMOnbHO~ 3KCnnyOTOUV.V. HHAYKUV.OH

HO~ CV.CT8MM. 
noHB8A8HW pe3ynbTOTM H3MepettHR 40CTOTHWX XOPOKTepHCTV.K HHAYKTOpO. 

B 4eTBepToM fJIOBe POCCMOTPHBOIDTCR sonpocw, CBR30HHMe C 3KCnepHM8HTOnbHWM v.ccne
AOBOHV.8M sneKTPOHHoro ny4KO YCKOPHTenR C~AYHn-2□/5 ,lO/ (pHc.7). 

B nepBOM noporpo~e c~opMynHPOBOHW Tpe60BOHHR K ny4KY yCKOPHTenR-HHMBKTOpo: TOK 

ny4KO ~ 500 A, 3MHTTOHC He 6onee 34~MPOA•CM, 3HeprHR 1,6¼2,0 MaB V. 3H6preTV.48CKH~ 

po36poc 3t5%. Heo6xOAHMO BWCOKOR CT06HnbHOCTb nopoMeTpOB. 

Bo BTOPOM noporpowe npr.BOARTCR M8TOAHKO V. pe3ynbTOTW HCCnBAOBOHHff ny4KO nocne 

nn03M8HHOro HCT04HV.KO sneKTPOHOB. noHO onHCOHV.8 3Kcnepv.MeH10nbHO~ .V.3M8PV.TenbHO~ 
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Pwc.7. BHeWHM~ BMA YCKOPMTenR C~RYHA-20. 

YCTOHOBKM, OCHOBHWe pe3ynbTOTW MccneAOBOHMR CBOARTCR K cneAymmeMy. Ha6nmAOeTCR CMe

meHMe ueHTPO TRMeCTM ny4KO OT OCM YCKOPMTenff ,.., 5 MM. nynbCOUMM orM6amme~ ny4KO B 
OAHOPOAHOM MOrHMTHOM none OTCYTCTBymT. npMBeAeHa 30BMCMMOCTb AMOMeTpa ny4KO OT BenM-

4MHW WOKYCMpy~ero nonR. aMaMeTp ny4KO npM WOKYCMpymmeM none 0,1 T cocTaBnReT~8 MM. 

3KcnepMMeHTOnbHO CHffTOR KpMBOff pacwMpeHMR ny4KO npMMepHO COBnOAOeT C TeopeTM4eCKO~ 

KPMBO~ pacwMpeHMff B 3KBMnoTeHUMOnbHOM npoCTPOHCTBe nOA B03Ae~CTBMeM KynoHOBCKMX CMn. 
CneAOBOTenbHO, pacnnWBOHMe ny4KO B OCHOBHOM onpeAenReTCff Ae~CTBMeM npoCTPOHCTBeHHOro 

30PRAO, 3aMarHM4eHHOCTb nna3MeHHoro KOTOAO MCT04HMKO aneKTPOHOB He3H04MTenbHO. 

aaHO OnMCOHMe MeTOAMKM M 3KCnepMMeHTOnbHO~ YCTOHOBKM AnR M3MepeHMff 3MMTTOHCO. 

3MMTTOHC M3MepRnCff MeTOAOM AMOWPOrMMPOBOHMff M COCTOBnffeT aenM4MHY (100.!_30)rMpOA•CM 

AnR 60% TOKO ny4KO C 3HeprMe~ 400 K3B. 

npoBeAeHHWe MccneAOBOHMff npoAeMOHCTPMPOBOnM B03MOMHOCTb MCnOnb30BOHMff ny4KO 

aneKTPOHOB, WOPMMpyeMoro nna3MeHHWM MCT04HMKOM, B YCKOPMTene C~RYHa-20. 

TpeTM~ naparpaw nocaRmeH aonpocaM 3KCnepMMeHTOnbHoro MccneAOBOHMff XOPOKTepMCTMK 

ny4KO YCKOPMTenR C~ftYHa-20. npMBeAeHbl OCHOBHWe pe3ynbTOTW MCCneAOBOHMff. ~3MepeHMe TO
KO c noMombm noRcoa PoroacKoro noKa3ano, 4TO K03WIMUMeHT TOKonpoxOMAeHMR npeawwaeT 

95%. TOK HO BWXOAe YCKOPMTenR AOCTMraeT 1 KA, 3HeprMR - 2 MaB, 3HepreTM4eCKM~ pa36poc 

(2,2.!_1)%. ~3MepeHMff npoBOAMnMCb AnR 40CTM ny4KO, COOTBeTCTBy~e~ aepwMHe MMnynbCO yc

KOPRmmero HanpRMeHMff, AnR KOTOPO~, KOK noK030nM MCcneAOBOHMff apeMeHHO~ CTPYKTypw ny4-

Ka, AMWwepeHUMOnbHWe xapaKTepMCTMKM ffBnffmTCff HeM3MeHHWMM. C nOMOmbm MHOrOKOHOnbHOro 

AOT4MKO KOnneKTOPHOro TMna onpeAeneHW P03Mepw, nono1eHMe ueHTpa TffMeCTM M 3MMTTOHC 

ny4KO. no noaopoTy B 03MMyTanbHOM HanpaaneHMM npoKonnMMMPOBOHHOro menbm ny4KO, BWWeA
wero M3 WOKYCMpymmero nonR yCKOPMTenR, npoM3BeAeHa oueHKO CTeneHM 30MOrHM4eHHOCTM 
nn03MeHHOrO KOTOAO·tl'CT04HMKO aneKTPOHOB. aMaMeTp ny4KO HO BWXOAe M3 YCKOPMTenR AOCTM
raeT 20 MM, CMemeHMe ueHTPO TffMeCTM OT OCM - 5 MM. AHanM3MpymTCff B03MOMHWe npM4MHW 

nORBneHMff CMemeHMff M XOPOKTep ABMMeHMff ny4KO. noK030HO, 4TO HOnM4Me CMemeHMff ny4KO 
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OT OCM npMBOAMT B 03MMYTOnbHO-CMMMeTpM4HOM MOrHr.THOM none K ABMMeHMm no cnMpanM, 0 

npM BWXOAe M3 nonff - K noRBneHMm KOrepeHTHOro yrna, KOTOPM~ Heo6XOAMMO KoppeKTMPO
BOTb C nOMOmbm, HOnPMMep, nonepe4Horo MOrHMTHOro nonff. 3KcnepMMeHTOnbHO YCTOHOBneHO, 

4TO ueHTp TRMeCTM ny4KO YCKOPMTenff C~RYHa-20 onMCWBOeT B MOrH~THOM none HO nnocKOCTM, 

nepne.HAMKynRpHO~ OCM, npM M3MeHeHMM nonff no BenM4MHe OKPYMHOCTb, npoXOARmym 4epe3 
OCb. 3TO xapaKTepHO AnR ny4KO, nony4eHHOro M3 MCT04HMKO C He30MOrHM4eHHMM KOTOAOM. 
HenocpeACTBeHHOe M3MepeHMe BenM4MHW MOrHMTHOro nonR HO nna3MeHHOM KOTOAe AOeT aenM-
4MHY, He npeBwwammym ,.., 4% OT OMnnMTYAW toKyCMpymmero nonR yCKOPMTenR. 

f.(MPMCM) 

BOTT 

0,5 0,6 0,7 0,8 0,9 N 

PMc.8. PacnpeAeneHMe TOHO no 

W030BOMY o6beMy ny4KO. 

Ha PMC.8 npeACTOBneHO 3KCnepMMeHTOnbHO 

CHRTce pacnpeAeneHMe TOKa no W030BOMY o6beMy 

ny4KO YCKOPMTenR. 3MMTTOHC ny4KO C TOKOM 
~ 500 A He npeBOCXOAMT 209t'MPOA•CM. 

B 4eTBepTOM naparpawe POCCMOTPMBOmTCff 

BOnpocw CT06MnbHOCTM xapaKTepMCTMK ny4KO M 

CMCTeM yCKOPMTenR. nony4eHO BMpameHMe, no3-

BOnRmmee oueHMTb senM4MHY HeCT06MnbHOCTM ~a-

3M Kone6aHM~ ny4KO. noK030HO, 4TO HeCT06Mnb-

HOCTb OMnnMTYAM MOrHMTHoro nonR, YCKOpRmmero 
HanpRmeHMR M TOKO npMBOAMT H HeCT06MnbHOCTM 

~03M Kone60HM~ M, cneAOBOTenbHO, KOrepeHTHOro 

yrna npM BMXOAe M3 loKycMpymmero nonR 
~KOPMTenR. B 3TOM cny4ae KoppeKTMPOBHO KorepeHTHOro yrna RBnffeTCff He3~~eKTMBHO~. 

OueHMBOeTCff AOnyCTMMM~ pa36poc 3H04eHM~ KorepeHTHoro yrna (~ 0,003 POA). noK0-

30HO, 4TO AnR o6ecne4eHMff pa36poca 3H04eHM~ KorepeHTHOro yrna OT MMnynbCO K MMnynbCY 

npM BWXOAe ny4KO M3 YCKOPMTBnff MeHbWe npeAenbHO AOnyCTMMOro,yCKOpffmmee M WOKycMpym

mee nonR Heo6XOAMMO CT06MnM3MPOBOTb C T04HOCTbm He xyMe .:;.:_0,05%. 
npMBeAeHM OCHOBHWe pe3ynbTOTW 3KCnepMMeHTOnbHOro MccneAOBOHMff CT06MnbHOCTM 

B(T) 

()25 
Q2 
Q15 
Q1 
QOS 
~ 

3L-4 __ 5 ___ 6_7_P·-104(Top) 

PMC.9. 06naCTb C HeCT06M/lb
HOCTbm TOKO MeHee 1%. 

xapaKTepMCTMK ny4KO M CMCTeM yCKOPMTenR. 

OnpeAeneHM BenM4MHW HeCT06MnbHOCTM OTAe/lbHMX 

napaMeTpOB, ~cnonb30BOHMe cxeM CT06M/IM30UMM 

n03B0/lffeT CHM3MTb OMnnMTYAHYm HeCTU6MnbHOCTb 
30PRAHoro HanpRMeHMR MOAYnRTOPOB M woKycMpym-
1uero nonR AO Be/lM4MHbl, He npeawwamme~ .!.0,03%. 

npM 3TOM pa36poc 3Ha4eHM~ KorepeHTHoro yrna 

CHMm□eTCff c 0,04 POA AO 0,02 POA, CymecTByeT 
06/IOCTb 3H048HM~ MOrHMTHOro nO/lff M AOB/leHMff 

OCTOT04Horo ra3a B MCT04HMHe 3/leKTPOHOB, B 

KOTOPO~ OMn/lMTYAHOff H6CT06M/lbHOCTb TOKO MC
T04HMKO He npeswwaeT 1% no~ 40CToTe 50 r~ 
(pMC,9). 

9 



,Ijr100¾ 

J 

z 

1 

3 6 ft t5 .SO :f'A) 

C yMeHbWeHMeM 40CTOTY HeCT06MRbHOCTb TOKO 
B03POCTOeT M AOCTMroer 3% npM 40CTOTe 3 ru 
(pMc.10). B npouecce ycKopeHMR OMnnMTYAHOR 
HeCT06MRbHOCTb TOKO HeCKORbKO B03POCTOeT M 

AOCTMraer .:!:.2,5%. nocne 2000 40COB pa6orw 
YCKOPMTenR C 40CTOTO" AO 50 ru M3MeHeHM" 
XOPOKTepMCTMK ny4KO M CMCTeM He H061110AOeTcR. 

PMc.10. 30BMCMMOCTb HeCT06MRbHOCTM TOKO 
MCT04HMKO 3ReKTPOHOB OT 40CTOTY. 

OCHOBII£ PE3YJlbTATY PA601bl 

1. Pa3p060TOHY M C03AOHY OCHOBHYe CMCTeMY YCKOPMTenR C~ftYHA-20 C napaMeTPOMM: 
TOK ny4KO AO 1 KA, 3HeprMR AO 2 MsB, 40CTOTO cneAOBOHMR MMnynbCOB AO 50 ru, ARMTenb
HOCTb MMnynbCO TOKO ,.., 20 HC. 

2. Pa3pa60TaH, C03AOH, 30nymeH B 3KCnnyaTOUM~ M MccneAOBOH MCT04HMK sneKTPOHOB 
ycKopMrenR C~ftYHA-20 nna3MeHHoro rMna, pa6oro~mM" c 4ocroro" AO 50 ru npM roKe ny4KO 
AO 1,2 KAM 3HeprMM AO 400 K3B, MMe~~M" pecypc pa6orw XOROAHOro KOTOAO, npeewwo~mM" 
700 40COB, M HeCT06MRbHOCTb TOKO ny4KO MeHee 1% npM 40CTOTe 50 ru. 

3. Pa3pa60TOH, co3,aH M MccneAOBOH BYCOKOBORbTHY~ MOrHMTHY" reHeparop HOHOCeKYHA
HYX MMnynbCOB ARR npeABOPMT8RbHO" MOHM30UMM f030 B nn03MeHHOM MCT04HMKe 3R8KTPOHOB, B 
KOTOPQM npMMeHeHY HenMHe"HYe cxeMY ARR o6ocrpeHMR JpoHTO, ~OPMMPOBOHMR cnOAO M CMOTMR 
MMnynbCHO~ MOmHOCTM npM HOnpRMeHMM AO 250 KB. 

4. 3KcnepMMeHTORbHO noK030HO, 4TO cymecreyer, M onpeAeneHo noporoeoe 3H04eHMe 
AOBneHMR OCTOT04HOro ra30 B o6nOCTM XOROAHOro KOTOAO nna3MeHHOro MCT04HMKO sneKTPOHOB 
npM pa6ore C 40CTOTO" 50 ru. OpM AOBneHMM MeHbWe noporoeoro pecypc po60TY XOROAHOro 
KOTOAO He npeBOCXOAMT HeCKORbKMX CBKYHA, 0 npM AOBneHMM 6onbwe noporoeoro - npeew
woer 700 40COB. 

5. Pa3pa60TOHO, C03AOHO M MCCR8AOBOHO CMCTeMO TPOHCnOPTMPOBKM ny4KO YCKOPMTenR 
C~ftYHA-20, pa6oro~maR c 4ocroro~ AO 50 ru npM roKe ny4Ka AO 1 KAM sHeprMM AO 2 M3B. 
CMCTeMa o6ecne4MBOeT JopMMPOBOHMe JOKYCMPY~mero MOfHMTHOro nonR MMKPOCeKYHAHO~ ARM
T8RbHOCTM C BYCOKO" OAHOPOAHOCTb~ M TPOHcnopTMPOBKY ny4KO npM K03JJMUM8HTe TOKonpo
XOMAeHMR, npeewwo~meM 95%. 

6. P03P060TOHO, C03AOHO M MccneAOBOHO MHAYKUMOHHOR CMCT8MO YCKOPMTenR C~ftYHA-20, 
cnoco6HOR ~OPMMPOBOTb 3R8KTPM4eCKOe none HanpRMeHHOCTb~ ~ 5 KB/CM M YCKOPRTb B 3TOM 
none 3neKTPOHHY~ ny40K C TOKOM AO 1 KAM ARMTenbHOCTb~ MMnynbCO TOKO,., 20 HC npM 40C
TOTe CRBAOBOHMR MMnynbCOB AO 50 ru. 

7. 3KcnepMMe~TfRbHO MCcneAOBOHY xapOKTepMCTMKM ny4KO yCKOPMTenR c~nYHA-20 nocne 
MCT04HMKO aneKTPOHOB, B npouecce yCKOPBHMR M HenocpeACTB8HHO HO BYXOAe M3 YCKOPMTenR. 
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B. OnpeAeneHY AonycKM HO CT06MRbHOCTb yCKOPR~mero M ~OKYCMPY~mero none". 
9. 3KcnepMMeHTORbHO nOK030HO, 4TO cymecTByeT, M onpeAeneH AMOn030H nopOMBTPOB, 

B KOTOPOM H8CT06MRbHOCTb TOKO nno3MeHHOro MCT04HMKO sneKTPOHOB He npeewwaeT 1% npM 

40CTOTe 50 ru. 
10. 3KcnepMM8HTORbHO noK030HO, 4TO cymecTByeT, M onpeAeneHO 30BMCMMOCTb HeCT0-

6MnbHOCTM TOKO ny4KO nna3MeHHoro MCT04HMKO sneKTPOHOB OT 40CTOTY cpa6aTYBOHMR B AMO-

n030He 3t50 ru. 
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