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Jilsyqaa ;l\IIHaMIIKY pS.XJJHT.HH ~~eXHMKI YCKOp8HHH sapsaeHHWC 

qacTJJ~ H8Tpy;l\HO SaMeT.HT» CJJ0806paSHyiD saKOHOUepHOCT:&. ilpMMepHO 

Kall;l\Jie CeMb-BOCeMb JieT nepe;n; HJUlteHepaMI BOSIUUtaiDT CJIOJIHble TeX

HmqecKHe rrpo6Jiellht B 06JiaCTH coa;n;aH.HH YHHKaJI:&BhlX ycTaHOBOK-reHe

paTOpO:B ___..IIMHIK qacTMJJ; 6oJihmmx aaeprH~. TeopeTJ.rqecKaH H 

SKCrrepMMeHTa.JI:&BaH <f.>.HSMKa, o6doutcUi orpOMHbl~ CTaTHCTMqecKH~ MaTepH

aJI, rrp.HXO;LI;HT Kall;D;bl~ pas K HSO~CO;D;HMOCT.H JIMeT:& qacTHJJ;Ji C SHeprH

e~ Ha nopa;n;oK 6on:ome To~, npH JtoTopol 6HJia noJiyqeHa npe;n;bl;n;yutaa 

HH<f.>OpMaJJ;HH 0 npJttpo;n;e a;n;epHbiX Cl~JI H CTPYKType MaTepH.H. 

Bcero 20 JieT ITOHa;zt06.HJIOC:& yqeHbiM, MHJieHepaM H T8XH.HKaM, 

qTo6bl o:sJia;n;eT:& ynpa:sJiaeMblMH ny·ncauH sapueHHbiX qacTHu;, o6Jia;n;am

utHMH SHeprHHIIJl B HeCKOJI:OKO ;n;eCiTKOB ra:e (CM.pHc.I). 

OTKPNTHe rrpHH~Mna xecTKo~ <f.>oKycMpOBK.H nonoE.HJIO HaqaJio Ho

BOMY KaqeCTB8HHOMY CKaqKy B 061IaCTI COS;D;aH.HH ycTpO~CTB ;D;JIH YCKO

peHHH qacTHu; ;n;o aueprMia 500-101)0 raB. ITepcneKT.HBa cos;n;aHMH TaKn 

ycTaHOBOK TeCHO CBHSaHa C HeOOXO;D;HMOCT:&ID Cypuoro paSBHTMH TSXHH· 

KM SKCITepMMeHTa,CJIICTeM yrrpa:aJieffJIIH M u;eHTpOB 06pa00TKH HH<f.>OpMa-

MHoroq.HCJieHHbie HayqHble ;zt.HCKYCCJtlH ITO ~HSHKe BbiCOKHX SHepr.H~ 

sa nocne;n;Hme 3-4 ro;n;a nosBOJI.HJIH HaMeTHT:& peaJI:&Hble nyTH pasBHTHH 

ycKOpMTeJI:&HO~ TeXHMKH Ha 6JIH~aKmHe !0-15 JieT. ECJIH Ha KOH<f.>epBH

JJ;MH no <f.>HSHKe ycKop.HTeneta B !965 roJY MHOrHe aayqao-TexaHqecKJJe 

npo6JieMu o6cy•;n;aJIHC:& KaK ~eJiaTeJI:&Haa rrepcneKTJJBa, TO ;n;aJI:&He~mme 

<f.>opyMbl yqeHbiX OTKpb1BaJIH BCe HOB~e H HOBble CTpaH.HJJ;bi KOHKpeTHbiX 

TeXH.HqecKJJX pemeH.HM BOnpomeHH~X, HJIM HaxO;D;Hilt.HXCH B CTa;LJ;.HH ocy

meCTBJiemtH. 
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~ peayJI:&~a~e ooJI:&moa ~:aopqe~KoU H coaH;zta~en:&Hott pa6o~N HHJKeHe

po:s-(j)HSHKOB, MHJit6Hepo:s-yCKOpHTB1I:&IIU'IKO:S 
1 
!967 ro;zt 6N1I 03H8M8HO:SaH 

aanycKOM caMoro Momaoro ycKop:rti~~ena npoToao:a (70 ra:s MamMHa :a 

r.Cepnyxo:se (CCCP) ~ 8TO aaMet~a~~e1I:&Hoe ;ztOCTI.1Jlt8H:rtie HayK:rti :rti T8XH:rti

K:rti Co:seTcKoro Coroaa noa:soJI:rtiT y11eHbiM npoHinKHYT:& eme rny6xe :a 

He;ztpa aTOMa :rti BNtiT:rti Ha HOBYIO C~~yneH:& U03HaH:rtiH M:rtiKpOM:rtipa. O;ztHaKO, 

H;ztepHaH <fl:rti3:rtiKa 083JICa1IOCTHO Tpe()yeT cyll(eCT:B8HHOrO YB81Ii'Ili8HJIIH 

aHepr:rtitt. 8To noHMMaroT :rtiHJKeHepbi·-ycKOpi'ITeJI:&tn:rtiK:rti. B CiliA :a !972 ro:zt'3 

npe;ztnonaraeTCH aanyCT:rtiT:& :B 3KCJ11IyaTaQ:rtiiO npOTOHHHti YCKOp:rtiT81I:b Ha 

200 ra:s. HeMHoro noa;ztBee, UEPH o6oraT:rtiT c:aom naoopaTop:rti:rti 300 

ra:a ycTaHO:SKOit. YCiiJJI8HHO npopai)aTbl:BaiOTCH npoeKTbl IOOO ra:s MaillMH 

:a Co:aeTCKOM Coroae (P~ AH CCCP :rti H~8~A) m :a EpyKxet.t:aeBCKott Jia-

6opaTopm:rti (lllllA). TexHmt~ecKoe o<~ymecT:sneruie aTMX npoeKTO:s :a npMH

uune BUOJIHe peaJI:&HO • HeCMOTpH :fa MHT8HCiiJBHblti poeT li.I.1C1Ia YCKOpH

TeJiet;t aa nocne;ztHMe ro;ztN HeTpy;zt::w aa.M.eT:rtiT:D (cM.plllc.I), liTO noRa 

:sepxaaa rpaH~nua aHepr:rdt npoxo;zt:~T :a pattoHe 70 ra:a PJ TaKoe nonollte

HMe 6y;zteT cymecT:BOB8T:& eme ;ztO:BJJI:DHO ;zt01IrOe :speMH. n:aa :SaEHHX 

<flaKTopa orpaH:rtit~m:saroT T:sopwecKy:o mHHnHaTm:sy coa;ztaTeJielt ycKop:rti

TeJI:&Hott T8XHMKM B KX CTpeMJI8HM~ C03;ztaBaT:& :ace 6o11ee MOtnHble 

ycTaHOBK:rti. 

I. Ypo:aeB:D paa:aMTMH co:speMeHHott TexamKm m npoMHmneHHott 

T8XH01IOrMPI. 

2. C pOCTOM 3HeprP.IM yCKOp~TeJiet;t paCT8T :rtiX CTOMMOCT:&, li~O 

HB1IH8TCH :B8C:&Ma OtnYTMT81I:&HNM 6pe:ueHeM ;zt1IH HaU:rtiOHaH:&HOrO OIO;ztEe-

Ta. 
PaayYBoe paapemeHme aTHX Tpy;ztaocTeit 6eaycno:aHo Haxo;nmTcH 

B npHMOtt CBH3H C BaEHOCT:DIO M SKTYaJI:DHOCT:&IO 3a;ztall, KOTOpHe CTa

BHT nepe;zt BayKOA H;ztepHaH {j):rti3HKa. HyJKHH JIH CT01I:D 601I:&WH6 SHeprHH. 

0 KOTOpHX mna peq:r, H paayMHO nB BKJia;ztHBaT:D orpOMHHe cpe;ztCTBa B 
coa;ztaHJJe ycKopmTenel c:aepx:&HCOKBX auepr~A·t 
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B KaqecTBe rrpe~noc~RKM K nporpaMMe mccne~oBaHmti yMeCTHO 

rrpMB8CTM BUCK83UB8HMff.H3B8CTH~ ~H3HKOB-ff~epmHKOB, KOTOp~e ffERff

IDTCff o6o6~eHHHM MHeHmeM :acex cneumanmcToB :a o6nacTH WYH~aMeHTaRb

Ho~ Teopmm aToMHoro ~pa. 

OnearetiMep: "Mbl ae rroHHMaeM noqeMy f4- MesoH :a 200 pas THJICenee 

SReKTpOHa, HRM noqeMy OH 06HapyJICHBaeT H36hlTOK ~Byx HetiTpOHOB. 

Mbl He ITOHHMaeM TOqHoro MeXaHJ.13M8 B3aMMO~eMCTBHff qacTH~ npm HH3-

KHX SHeprmax. O~HaKO, Mbl aHaeM, HaCKORbKO nepcneKTHBH~ SHeprmm 

HOBUX, 60RblllHX yCKOPMTeRe~. 0TKpb1BaiDTCff rrepcrreKTHBhl HOBOro. HOBble 

qaCTH~bl, HOBble ffBR8HHff, KOTOpble ROMOryT 06~ffCHHTb H8~0YM8HHff ce

ro~H8lllHero ~Hff". {.Nue-ledrt./ci ~ v ,e . .13, Not! 1·1.! ) 

~atiH6epr: 11 ilpHKRa~Haff ~H3HKa BbiCOKHX SHeprmti qepnaeT CBOH B03-

MOJICHOCTH H3 WYH~aMeHTaRbHO~ Teo~mm wmsmKm a~pa. A ~na aToro HyJIC

HH oqeHb BbiCOKHe SHeprmm ••• " 

nnfl Ha6RID~eHHH 06~eKTOB MHRpOMHpa He06XO~MMbl HOCHTeRM SR8KT

poMarHHTHOti cy6cTaH~HH C oqeHb ROpOTKOti ~RMHOti BORHbl. qaCTH~bl 

60RblllHX SHeprmti KOPOTKOBORHOBhl, npmqeM, qeM 60Rbllle ~ , TeM 

MeHbme ~ X _ :: + -
~ ll· 

,.t ~ -= P·: 
3a rrocne~Hme ro~H Ha ycKopmTeRfll. 6anm rrpoBe~eHbl oqeHb BaJICHble 

SKCrrepMM8HTH, KOTOpble IT03BORHRH pacmHpHTb HalllH npe~CTaBReHHH 0 

CTPYKType MaTepMH. K !964 ro~y (biRO OTKpbiTO yxe 40 SReMeHTapH~ 

qaCTMI~ ( ~Rff cpaBHeHMH! B !920 I'O~y 6b1RMI H3BeCTH~ BCero 2 qacTH

~bl aneKTpoH m npoToH). PesynbTa~hl aKcrrepmMeHTa noKasbl:aaroT, qTo 

MHp qaCTH~ MH006pa3eH H CRO'JK8H. Tenepb yx He B03HHK88T COMHeHHti 

B TOM, qTo SReMeHTapHble qacTH~bl - CRO~Hbl8 06~eKThl, He MeHee CROJIC

Hble, qeM aTOMbl H MOReityRhi. 
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Q~KpUTHe peSOHSHCHUX COCTOHHH~ B CHCT8Me B38HMO~eMCTByro

~HX ueaoHoB yKaau:saeT Ha cnozHJro CTPYKTYPY ueaoHHOM uaTepnn. B 

HSCTOH~ee BpeMH ~H3HKa BWCOKHX SHeprHM HSXO~HTCH HaKaHyHe HOBO

ro cKaqKa B rny6~ uaTepnm, B r~y6~ TaMHrr npzpo~u :se~ecT:sa n mar 

STOT COITpK!eH C H6M8nHMH Tpy~HOCTHMM. MMKpOMMp nonOH aara~OK. 

qeu rxy6xe YH npoH~aKaeu B He~pa uaTepmn, Teu 6onee coBepmeHHu

um apm6opaMH MM ~On'Ji.HW p~cnoxara~~. Mhl ~OXZHU HM8T~ BhlCOKOSHepre• 

TzqeCKH~ SOH~, KOTOphlM HBXHIDTC~ YCKOpHT8XH aapaEeHHhlX qaCTHU Ha 

c:sepx:sucoKne aHeprnn. 8THM caMEM Mhl o6ecneq~tmaeu cnJr:bHOe :aaanuo-
cl4c.1eMe 

~eMCTBHe o6~eKTOB MHKpOMHpa :BvUeHTpA Mace. 

qeu czx~Hee :saanuo~e~cTBHE, Teu BaEHee noxyqeHHe zHwopuau~az 

B o6naCTH MSXhlX npOCTpaHCTB8HHC-BpeMeHHhlX npouezyTKOB. COBpe.MeH

HaH M8TO~HKa MCCXe~OBaHH~ npHBC~HT B pa~e cxyqaeB K npOTHBOpe

qftHM B TeopeTzqeCKHX TIOCTpOeHHf.X H qeu CHn~Hee B3aHMO~e~CTBH8, 

TeM TPY~Hee np~aueHHTD MeTo~u ccBpeMeHHoro aHaxnaa. ITpnBuqHue Ka

HOHU HSMepeHHM yze He MOryT y~CBXeTBOpHTD aHaxzay HOBhlX HBX8HHM. 

00HapyJKeHHbl6 peaoHaHCHhle COCTOf..HHfl MaTepHz B npouecce CHX~HhlX 

B38HM0~8HCTBHH yKa3hlBaiDT Ha rrpv.cyTCTBHe BeC~Ma KOpOTKOEHBY~HX 

cyOCT8HUHH MaTepHH, Bp8MH EH3Hi! KOTOphlX ""' 2 • I0-2~ceK. J'Ji.e 

ce2qac (J}mairiKH pacnoJiararoT HH~opMauMeA o rumeHI4fiX xapaKTepi4aye

IWX paCCTOHHHHMH nopH~Ka 6apHOEHhlX ~XHH. 

;-if 1-'" 
- - - ~/).!C)'~ CAll G.......,i- MC. -

' - --
CTOHT :sonpoc o Bhl6ope WJH~aMeH'l'SX~HhlX napaMeTpo:s u~tntpoMHpa H, 

6CT6CTB6HHO, 0 M6TO~HK6 HCCXe~c~:saHHM M MS.MepeHHM C HX rrpHMeHe

HHeM. Apm nepexo~e K MaHhlM rrpocTpaHCTB8HHO-Bpe.MeHHhlM 06XaCTHM 

MH~OpMSUHiii {j)yH~aMeHTaXDHhlMH napa.MeTpaMH MOryT CT8TD: 
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I. 9JieKTpoMarHHTHHI pa~myc aJieKTPOHa 
T ,;_. 

KOMflOHOBCKafl ~JIHHa 11 - K M630Ha 

~~ = 1,4 ' 10-13 
CM. 

2. KoMnTOHOBCKaH ~JIHHa HyKJIOHa 

HaH6oJiee BepoHTHHe npeTeH~eHTH, c yqeToM ~aJI»Helmero yueu»meHMH 

npOCTpaHCTB8HHO-JpeMeHHOPO 06~eMa, :MH~OpManHm: Q~ k ~~~ 

ECBI npiHHT» HX R pyKOBO]lCTBy, TO OK&SHBaeTCB HX npiii8H8HI8 108-

JIO:IBO, ecnB fJ > ~c_ ( "r,-:'6~ - p&CCifiHile Ha I80°), T.e. npH ]lJII

H8 a~ = 2 • IO- I 4 011 • Hysua aueprHH ., 70 ra:~, a ltliB 

I • IO- I 7 OM ( CKU811 _l(t%../ p - pacce&HHe) BYEBli SHeprHH He

CKOJI»KO COT8H raJ B ~eHTpe uacc. nJIH HayqeBHB 5JI8KTpOII&PHHTHOI 
,,._ 

C.TfNKTYf-• fi - JI830Ha He06X0,1UJMO OCyuteCTBHT» pacceHHHe li -

ueaouoB Ha aneKTpouax, qTo noTpe6yeT aHeprmrn IOO rsB rn 6onee. 

llocJie~HHH aa~aqa npe~cTaBJIHeT ~YH~aMeHTaJI»HHI MHTepec. 

Teop:MH Tpe6yeT CBJIDHUX B3aiMO~elcTBHI. CHJIDHHe B3aHMO~eiCTBIH 

OCy~eCTBHMH TOJIDKO npH 60JIDWMX SBeprHHX. 

qTO fl03BOJIHT pemHTD CBepx B~COKie SHepr:MI? 06o6man MaTeplaJIH 

]l:MCKYCCII H KOH~epeHqHI MO~HO CKaaaT» CJie]lymmee: 

I. BWCOKHe SHeprBH fl03BOJIHT ocymeCTBITn nepeXO]l K HOBOJIY 

KJiaccy HBJI8HHM npm CIJIDHO SHeprerrnqecKOM BSaiMO~eiCTBIB. 

2. IlOSBOJIHT npOBO~BTn BeCnMa TOHKBe ISMepeHBH CTpyKTypHOPO 

flOCTpOeHIH H~ep H ocymeCTBHTD SKCnepHMeHTaJinHYID npOBepKy OCHOBHHX 

nOJIOEeHHI KBaHTDBOI uexaHHKH. 
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3. 11ouoryT ;n;ocKoHa1l:&Ho M3YliAT:& o;n;ay Ma MHTepecaet:imMx aara;n;oK 

M:aTepMM - .fiBJleHMe rpa1n1Tao;MM. Hanp. onpeAeM4TD : :e ,-: V" 1i · c 
--"--·' ~ ,.,_..,..., \ -

4. CTHMY1lMPYIOT paaBHTHe aa:1pa:a1leHM£;i TeXHHKH MaMepeHHi-1 c:aepx 

MaJlbiX :aeJlMliHH, 6ea KOTopblx He:aoaM,)JICHO rrpoHHKHOBeHme :Br1ly6:o MaTepMM 

5. IIoa:aoJlHT pacmmpMT:& HamH .3HaHHH o CTPYKType MaTepHM, o6ec

rreliHBaa p0llt;ZJ;8HHH HOBbiX llaCTHD; I6 iiHTHfl,11;8p C 601l:&lllltiM aTOMHflM HOMe

paM. 

6. IIoa:ao1lHT rrpo:aecTm:. 

a) JIICC1l8;ZJ;OBaHH.fi KOpOTKOJiCHBYii{JtlX COCTO.fiHH£;i MaTepJIIH • 

6) IloMCK rrpoMextyTOliHOro b031)Ha. 

B) JIICC1l8;ZJ;OBaHJtl8 3aBJ4CHMOCTJtl C8li8HM£;i B3aJ4MO;n;e£;iCTBJ6~ B ~YHK

UMIM 3HeprHH. 

8TOT ;n;aJlBKO He IIOJlHhl~ rrepeliJH:b aa;n;all, H800XO,ZI;MMOCTh pemeHM.fi 

KOTOpflX HM y lCOrO He Bbi3blBaeT CO\!H8HJtiii!, flB1lfi6TC.fi T8M y6e;n;MT81l:bHblM 

BBlCC81l8M, II03B01lfliDmHM HaCTaMBaT:& Ha CTpOHT81l:&CTBe ycKOp1tlT81l8M 

Ha CBepXBhiCOKJtle 3HeprHH. PaCCMOT)HM KOpOTKO T8XHidli8CKHe B03MOJK

HOCTJII ocymecTBJH3HHH nporpaM.Mhl C':r}OHT81l:&CTBa YCKOpHTeJiei Ha C:Bepx

BhiCOKJtle aHeprMJtl. IIIHTeHCHBHOe cTp,)MTe1l:&CT:ao yc:a:opMTeJlei B 60-x 

ro;n;ax (C.M.pHc.I ) roBOpHT 0 TOM, liTO YCKOp:HT81l:bHafi T8XHMKa HaKO

IIMJla 6oraTblii! OIIhiT C03,11;aHHH B8C:&M<l Kali8CTB8HHbiX MarHMTHbiX Cl!ICT8M, 

CHCT8M 31l8KTPOHHKM, 3HepreTHKH M rrpeo;e3HOHHOM H3M8pitlT81l:bHOii! anna-

paTyphl. 

B llaCTHOCTJtl, OIIblT OT8li8CTB8>IHOii! T8XHJtlKH CTpOHT81l:&CTBa ycKO

pMTeJie£.1 aHaliHTeJI:&Ho o6nerl1Jtl1l aa;n;a.lly coa;n;aHJtlfl ?0 l'a:a MalllJtlHfl :a 

Ceprryxo:ae, liTO II03B01lM1lO yxe B !967 ro;n;y BbltiTM HaiDHM ylleHbiM cllli3M

KaM Ha rrepe;n;HHii! Kpaii! MPipOBOii! nay::tH B B a;n;epHOii! ~M3HKe. Ha;n;o CKa

aaT:b, liTO CKyprry1le3Hbl:fii aHa1lH3 M1i.~OBOrO COCTOHHHH YCKOpMT81l:&HOiii 

T8XHMKH, rrpo:ae;n;eHHblM pH,ZI;OM aapy63JICHblX III COB8TCHHX ylleHhiX, II03B0-

1l.fi8T yT:aepx;n;aT:h, liTO co:apeMeHHbliii ypo:aeH:h TeXHPIKM a:a:crrepHMeHTa 
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( MMeeTCfl B EH~Y B08MOEHOCTH ee ~CrrOnbBOBaHHfl rrpm 6onee B~COKMX 

'Heprmax) paapemaeT mcrronbao:saHme ycKop~Tene~ c aHeprze~ IOO -

300 ra:s • TeXHOHOrH~8CKHe B08MOEBOCTH rrpoM~mneHHOCTH B COCTOH

HHH o6ecne~HT:b CTpOHT8HbCTBO TaK~X YCKOp~Tenel. 

O~HaKo, ~an:ouelmee y:senm~euKe auepreTm~ecKoro noTeHuzana 

~zazqecKzx zccne~o:sauml cTaBHT ~ocTaToquo xecTKHe Tpe6o:sauza ua 

TexHm~ecKoe mcrronueHze ycKopmTenbHHX z permcTpzpymmzx ycTpoMcTB. 

C~enaeu HeCKOX:bKO aaueqauzM B aTOM OTHOmeHHH! 

C pocTOM aueprzm ycKopaeMHX qacTHU co:aepmeucTBo:sanac:o z ycnoxua

nac:o arrnapaTypa wzazqecKoro aKcnepzueHTa (A~e). Ho:s~M ypo:seu:o 

MeTo~m~eCKHX zccne~o:saumM noTpeOo:aan ~ocTaToquo cnozusx czcTeu 

ynpa:aneuma nyqKauz ycKopaeusx ~acTzu. Boapocnz Tpe6o:aauza K ua

~eEHOCTH pa60T~ annapaTyp~ H TOQHOCTHM B~epEHBaHHfl napaMeTpOB 

KOM6HHHPOBaHHHX peJJtHMOB ynpa:sneBHH. llpocne~HM 8TOT pOCT Tpe6o:sa

HHa ua ynpomeuuux cmu:ao~zqecKHX cxeua. pmc. 2 • 

Eonu :a uaqane 50-x ro~o:s ~MaHKOB-aKonepmueuTaTopo:s Bnonae 

ycTpam:sana TeXHonoru~eoKaft cxeua npo:se~eHHH aKcnepmueuTa (pHo.2a) 

YcKopzTeBb ( A~ ~cqp ) perzcT~mpymmaa annapaTypa (A~S) c o6yq-

uwu onepaTHBHHM ynpa:aneuHeu ( 0 .. ':J ) , TO B 60-x r. aT a cxeua 

Ha ~OHe ycneXOB B~~HCXHT6X:bHOl ~eXHHKH it TeXHHKH perHOTpaUHH 

WH8HqecKHX npOU8CCOB CTana CSI4bUJ. HaCTOHmHM aHOXpOHH8MOM. 

fiOHBHXHCb CHCT8MIJI CTa6HJIH8ilPYIOmJJX H qJYHKUHOHaJI:bHHX 06paTHHX 

CEaael, CHCT8Mh1 nporpaMMHOrO YITI,aBJI8HHH, CHCT8M~ aBTOMaTzqecKOM 

o6pa60TKH peayn:oTaTOB WHSHqecKH~ HCCJie~oBaHH~ ( pzc.26). 9JieKT-

poHH~e :s~qzcnzTen:ou~e MamHHh1, cxe~ norzqecKoro ynpa:sneuza pe•z

MaMH WHSHqecKOrO 8KCnepHM8HTa Hc~~HHaiOT npO~HO BXO~HT:b B T8XHO

norz~eCKHM npouecc npo:se,11,euza WII:am~ecKHX mccJie}.J,o:sauz£1. 9KcTponon:rl 

pya BO BpeueHH, HeTpy~HO ilOKaaa1':b, ~TO YCKOpHT8JI:bHble ycTaHO:BKH 

Ha aHeprHM'I 500-!000 I'aB 6yJI.YT npe}.J.CTaBJIHTb :viS ll ce6a KOMrrneKC~ 
cnoJKHe~mPix 
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KOHCTpyKUHM, paSHBCBHHaK B npOCT}aHCTBe, BhlllOHHHIDmHX pas~zqH~e 

~YHKUHM O~Horo e~BHOrO npouecca. KOHTpO~~ peXMMOB OT~en~HNX 

ycTaHOBOK M KOHTpon~ o6mero TeXH)normqecKoro npouecca 6esycnoBHO 

B~a~eT sa npe~en~ o6~qa~ npe~cT~Bneam~ o6 aKcnnyaTaumm aaepre

TzqecKor·o H pa~moaneKTPOHHOrO 06)PYAOBaHHH. 

PasHeceHze CHCTeM ~aTqzKOB ~ £ mcno~HHTen~H~ ycTpo~CTB no 

20 KM op6MT6 1000 fBBHOrO ycKOpMrena, MHOrO-CTa~MMHOCT~ HHEBKTH

pymmzx ycTpo~CTB, pexmM~ pa6oT~ aaKonzTen~H~ Konen, perzcTpanma 

H 00pa60TKa MH~OpMaUHM - BOB 3TO 6esyCHOBHO HCKnroqaeT B03MOXHOCT~ 

aKcnnyaTaumm ycKopzTena o6~qH~M onepaTHBH~M cnoco6oM. ~osHHKaeT 

O~H03HaqHaH H606XO~HMOCT~ C03AaHHH BAHHOro UBHTpa aBTOMaTzqecKO

ro ynpaBneHma Bceum npoueccaMm BKnmqammMMB B ce6a Bee aneMeHTH ~ 

TexaonoDmqecKoro npouecca. TexaonorzqecKaa cxeua ~msmqecKoro 

aKcnepmMeHTa aa aaeprmax 200-1000 raB B caMoM ae~aneKoM 6y~ymeM 

6YABT B~rnHABT~ npHMepHO TaK, KaK H306paE6HO Ha CXeMe pmc.2 B • 

Heo6XOAHMO saMeTHT~, qTo COBepmeHCTBOBaHMe M8TOAHKM wzsmqecKoro 

3KCnepMM6HTa Ha AB~CTByrommx yCKOpHTenax, YEB Ce~qac CTaBHT HOB~e 

Tpe60BaHHe K TOqHOCTHM M CTa6HH~HOCTffM peEHMOB yrrpaBHBHHH. 8TO 

06CTOffT8H~CTBO saCTaB~ff8T HHEeHepOB-YCKOpMTen~mMKOB OCHamaT~ 

Ae~cTBymmme ycTaHOBKH aneMeHTaMH aBTOMaTzqecKoro yrrpanneHHH m 

onTmMmsanzm pe*HMOB pa6oTM ycKOfHTena. 

Eon~mze pa60TN B 3TOM HarrpanneHHH BBAYTCff B EepKnM (CiliA), Ha 

AproHCKOM ycKopmTene, i KeM6pm~Ee m EpyKxeMneHe. Pa6oT~ BBAYTCff 

c nepcneKTHB~oM mcnon~soBaHmff mx pesyn~TaToB Ana 200 m 1000 ran 

MaillBH. 

Y Hac B CCCP aHanoDmqH~e pa.6oT~ rrpoBOAHTCff B P~ AH CCCP 

(Km6epHeTzqecKm~ ycKopmTen~, aB~oMaTzqecKee yrrpaBneHm& Cepnyx. 

ycKop •• B HH-Te Km6epH8TBKB AH ~CCP (KzeB), rAe C03~aHM CBCTeM~ 

OITTHMH3aUHH peXBMOB pa60T~ UHKnc,TpOHOB. E0n~moe BHMMaHHe BOrrpoca~ 
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OnT:KMH3aUJ411 peJKJ4MOB ynpaBJIBHI4.ff y;zJ,BJIHBTCfl E YCKOpMT8Jl:&HO£t Jiaoopa

TOpMH TOMCKOrO nOJIJ4TBXHM'l8CKOrO P.HCTMTyTa. 

2. Tenep:D nOCMOTpi4M KaK OOC1'0BT ,1.\BJIO C annapaTypott ql143H'tle

CKOrO SKCnepHMBHTa. KaK H3B8CTHO, B HaCTO.ff~ee Bp8MH KOMnJieKC anna· 

paTypH, npmMeHaeMHX wmsmKaMH - aE:cnepmueHTaTopaMH ,1.\JIH mccJie,l\oBaHI 

Ha YCKOpHTBJI.RX BKJIJD'tlaeT B ce6a: r:ysap:&KOBHB Itauepbl HBCKOJI:DKHX Tl1-

ITO:B, HCKpOBblB H 0Tp.HIU.ll8pHb18 Ita:u:ega, MHOrOO'leT'tiJ4KOBbl8 Ol1CT8Mhl, 

8MYJI:&OJ4Jtl, fiOJiyrrpOBO,l\HMKO:Bble ,1.\BTBF:TOphl, TpaHSHOTOpHble Mlillli8HH H .1\P• 

CJD,l\a lite KaK BOITOMOraTeJI:&HOe, HO Ct6H3aTeJI:&HOe o6opy,l\OBaHl18, OJie

,1.\yeT OTH8CTI4 oenapaTopa 'tlaCTHU ,1\1[.ff u'lJ40TblX" KaHaJIO:B. KaKOBO ae 

Oy]J;yll{ee aTn: as8.JlmsaTopo:s BH~opMt:LnHH a,l\epHwc nponeooo11 npm nepe

xo,l\e :s 6oJiee BWOOKHI ;n;manasoH sHEtprua? 

~ npBHnHne 1 IICllOJl:&Syllla.R J B~lCTOSIItl8 :apeu lll!rO;D;HKa BCCJI8)t0-

B8.BIIit 11oaeT 6HT:& pacnpocTpaHeHa ua AHanasoH aaeprHI .-o !000 lfa:a. 

0;D;Ha.KO, npm 8!011 :B03HIJK8.8T p~ npo611811, KOTOpHI ;zJ;ODBH 6Ltt.r:& 

paspemeBW :a C&IIOM Hl.lt8JI8KOII 6J1tYU(III. 

I. llpocTpaucTBeauas perHCTPilUHH co6HTHI (Kallepuaa ueTO;zJ;HKa), 

J03HJIKaiOUUrtX npB QepHOM :BSaBMO;zteUCT:BHJJ, OesyCJIOBHO, Hal;zt8T ce()e 

npuueaeume :a npH ssepr:K.ax IOOO ra:s npm y'tleTe cJie.lcrlnan: l},)aKTOpo:s: 

a) Heo6xo,l\HMOCT:& cyll{ecT:seHHoro (Ha nop.ff,l\OK H 6oJiee) no:sbiDle

HHH TO'IHOCTH OTC'tleTa KpHBH3HH TpaeKTOpH~ Cl1Jl:&HO SHepreTH'lBCKHX 

npo;ztyKTOB peaKUHH B3aHMO;zte~CTBHH 'laCTHU C BBII{BCTBOM. nJla STOrO 

Ha,l\0 JIJ400 CH11:&HO y:seJIH'lHBaT:& pasuepbl KaMep, JIH60 npHMBHHT:& Cl1Jl:&

HHB MarHHTHblB IT01Ui. J1I TO, 11 ,1.\pyroo Ha cero;ztHHmHHft ,1.\BH:D TOJI:&KO 

38,1.\aqa. YBeJIH'lBHHe ra6apl1TOB KaMt~pbl orpaHHqeHO TBXH0110rmqecKHMH 

B03MOJitHOCmBMH ( npo611e:MM OO~eMa 14arHmTHOrO ITOJIH, npo6JieMH CT6KJia 

14 ,1.\p.) • 
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BTopo~ nyT~ 6o~ee npe~noqTH~~e~eH H nepcneKTHBeH, B CBH3H c 

Te:M, qTo ce~qac ~OBO~~HO HHT8HCHBHO pa3BHBaeTCH Hanpa:s~eHze pa-

60T ITO C03~aHPJIO CBepxnpOBO,D;HntHX uarHHTOB C HCIT0~~30BaHPI8M KpliiOreH• 

HO~ T8XHIIIKH. ITpPIMepH~e ~aHH~e Tai:oro MarHPITa, HCXO~H lii3 pea~~H~ 

B03MO~HOCTeM: B 06~eMe C BepTHKrul~HO~ anepTypo~ !,2M H ¢~2,5-3M • 
_!"f,~-~ : IUO IC'I.C.. ; ~ 'tJ E' <f. IO ~ ; f?._- t'Ooo~? M ~>k. 

B -,n;aHHOM C~yqae B03MO~HO paaMenteHHe B HanpaB~8Hliiiii ~Blii~8HliiH qa-

CTliiiJ; :Ma~~ pa6oqMX 06~eMOB C CPI~J,HhiMM MarHliiTHhl:MM ITOnllMlii. 

6)C~O~HOCT~ lii~eHTMWPIKau;liiH, l:OTOpyiO B npMHIJ;liiiTe MO~HO peillPIT~ 

OO!>e:MH~:M paCII0~0~8Hlii8M perMCTpMpj'IOilt8M D OITTHKlii. 

B) C~OJKHOCT~ perHCTpau;MIII KOJlOTKO~liiBYiltliiX qaCTidiJ; (HaiipJti:Mep: 

nplii Bpe:MeHM ~M3Hlii rx.IrrepoHa l0-14 ceK Ha 1000 raB ,n;~HHa rrpo6era 

Bcero 2 MM). 

2. l1pl'r1M8H8BHe HCKpOBbiX Ka:Mep Ha OO~ee BhiCOKliiX ~HeprvtHX 

B03MOJICHO nplii HeKOTOpOM yMeH:&ill8HMif Bp8M8HM ",n;epaap~a" Jti QtleT'tlPIKO

BOM vt,n;eHTPI~vtKau;zvt. 

3. ITpMM8H8HPI8 CtleTqHKOBbiX C:V:CT8M, CPICT8M nepecqeTa, CXeM 

COBn~eHMM 1 ITOTpe6yeT YM8H~ill8HPI8 Jla3pemaiOmero Bpe:MeH~ AO I0-!2 -

I0-14 CeK • H~O CKa3aT:&, qTQ B HcLCTOHntee Bp8MH B STOM HanpaB~eHMH 
C~e~aHO HeMa~o ( IJ;PI~pa I0-!2 CeK o6peTaeT yxe pe~~HOCT~). qTO 

KacaeTCH Henocpe,n;CTB6HHO perPimTpc.TOpOB, TO OCHOBHOe rrpvtM8H8HM6 

6y,n;eT BH~PIMO Sa qepeHKO:BCKMMH CtlE:TtlHKaMM C ra30B~M Hano~H8Hlii8M, 

TaK KaK .f/~/ (yr~hl Me.,n;y HarrpaB.I:eHM8M qepeHKOBCKODO PI3~yqeHPIH 

PI Harrpa:sneHPI8M ,1J;Blii~8HPIH aapmit8HHC·~ qacTHIJ;hi) rrpPI } ~ 1 ~OCTa

TOqHo Ma~bl. 

4.ITo~ynpOBO~HMKOBbl8 ,n;eTeKTOJ~ HaU~yT OBOe npPIM8H8Hlii8 Ha 

BbJ.COKliiX SHepr~UDC, O;ll;HaKo, MX aantJITa OT .ltiHTeHC.VlBHOrO 06~yt~eHPIH 

rrp:rnBe.n;e• K coa,n;aHPIIO BhiCOKoKaqecTleHHhiX za6zpaTe~~HhiX ycM~PITe~e~ 

cnoco6HhiX ycz~PIBaT:& c:HrHa.nhi Ha ypoBHe my:MoB. 
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5. )lJUI BOCJie,1lO:S8.BIUl SJieKTpouarHiiTHYX lJSai!MOltiiCT:BBI ti&CTB~ 

BHCOKHX aBeprBI IIMeeTcH yae oelt~nc uenHA pa;n; npaKTHtJ:ecKmx npe;n;

noaeindi. B tJ:aCTHOOTH, no JICIIOJI:&SOBaHIIl a({xlliKTa :&TOPH"'HOI SIIBOOIU 

~ = f(gJ m ;n;pyrmQ ueTo;n;au. 

6. Haxoseu, aMyJI:&CBOHHaH ue~~o;n;mKa npiUIIHHMa :so :&ceM ;n;mana

aoHe cBppx:&ucoKHX aHeprBA. 

HecKoJI:&Ko oxo:s o .naTttHKOBHX cmcTeMax. Ha c:sepx:sHCOKKX 

3HeprJIHX ,1lOCTaTOtJHO cep:&e3HOirt IIpi)6JieMOI CTaHeT M6T0,1lMKa BHB0,1la 
£fl 

ttaCTPID; 1ilOTpe6yeT-v C03,1laHJIS CII6D;Ba;I:&HHX Ii'I14IIYJI:OCHHX CBCT8M Bbl:B0,1la • 

rro-Ho:aoMy ;n;onsHa pemaT:oca npo6xe14a BHyTpeHHHX MPimeHel H cenapaTo

po:a aapHEeHHbiX ttaCTHI.\. BBltHMO OCliO:BHOI CIIOC06 BH:BO;n;a ttaCTBU 6y

,1l6T SaKJIIOttaT:&Cfl B C03,1laHit'IB 3HatJJI'['6JI:&Hb1X "ltOBOpattHBaiOutBXn MarHit'ITf 

HHX IIOJiel, COS;D;aHJIH MarHMTHbiX HCJtaE6HBI ;ll;Jlfl peSOHaHCHOro B03My

llt6HHH nyttKa, COS;D;aHVUI 11 Sa6pacbl:&a:OutBX11 MarHHTOB H T .;n;. ilpHMOirt Me

TO;ll; BHBO;n;a nyttKa npe;n;CTaBJIH6TCH 3aTpy,1lHiiT6JI:&HblM, XOTH 6bl HCXO;D;H 

¥13 CJie;n;yiOutBX UH<llp: 0TKJIOH6HJI6 nyt~Ka MarHBTHHM IIOJieM: 

~t : ~~) ~~} 
r;n;e ~·- B6JiiltJHHa IIOJIH B OTKJIOfiHIOut6M MarHBTe, _, 

L - ;n;JIJIIHa MarHHTa, 

f'J>~ - MarHHTHaH JKeCTKOCT:& ppOTBHOB. 

]lJIH IOOO raB; #cil = IS • !03 =r = o,9 ,.,l.&""' 
T.e. OTKJIOH8HHH npaKTlllti8CKJI H8T • .YBeJimqeHllle sa ctieT ycnollt-

H8HBH MarHHTa BpH;n; JIB D;8JI8C006pa3HO, II03TOMY pemeHHe BH,1lHMO 6y

;n;eT COOTOHT:O HS OX8MH B03MYut6HiiH 6eTaTpOHHHX KOJie6aHB~ B CiiCTe

Mbl aa6poca B ;n;o:aopatiHBaiOutBH MarHHT. ]lo:soJI:&Ho y;n;aqHoe pemeHHe no 

CHCTe:Me aa6pacblBaiOutero MarHJIITa C,1l8JiaHO U'HeirtJIOM,COCTOHutee B BC

IIOJI:030BaHBH ~eppMTOBOirt JIHHMB 3~eplKKB C Bp6M6H6M pa60Tbl~ 

~ftprjA << t~sp, 
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Hanpoep, npx qactoTHOM cnoco6e yn:pa.BJieHH.a nyt~KOM , (I(eJia.a 

06paTHyD 3KCTpOOOJI.fiiUDJ It ,Jte:tlCTByDut.D YCKOpHTeJI.RM), He06XO.I(HMO 

HKetb CTaC:SwtbHOC Tb CB.R3H Me:m:.I(y qac roro:tt ycKop.aDDtero uanp.a:ateum.a 

H MarHHTHHK noJieK ae xy:ate r•ro-6 • 3Ta nz~pa .aBJI.ReTca nepcneKTHB

uoA, HO He ~HT8.CTJrlqeCKOR. 

llp:m~eueaxe cenapatopoB 3ap.axeuablx qacTwn, 6y,D;eT CB.asauo c 

yBeJIHQeHHeM HX p8.3MepOB ( npOT.RXeHaOCTb nOJI.R B03,JteiCTBMH) H C03• 

.1.(8.HHeK 60JibWHX rpa.I(HeHTOB 3JieKTPHlleCKHX H M8.rHHTHblX OOJieA. 

Bosxo:atuo, liTO .JtOCTH:ateHHR B oOJiacrx KpHoreuuo:tt reXBHKH 6y.I(yT cno

co6cTBOBaTb pemeHHD 3THX npo6JieM. 

3aK8.HliHBa.R 8.H8.JIH3 TeXHHtleCKHX H TeXHOJIOrHt~eCKHX B03MOXHOCTe:tl 

npOMUWJieHHOCTH .I(JI.H 06ecnetleHH.fi 3KCD6pKMeHTOB B 06JiaCTH Ot~eHb 

BWCOKHX 3ueprx~ Mozuo yrBep:at.I(arb cJie.I(yvutee: B Bonpocax rexaHqec

Koro OCHa~eHM.R ~H3HKH CBepXBblCOKHX 3HeprH~ cy~eCTByDT TaR H8.3bl

BaeUble nporpaMMbl M8.KCHMyM H nporpaMMa MHHHMYM• MHHHMaJibHaR npo

rpa.MMa crpoxreJibCTBa ycitopxrene~ ( B ,D;Hanasoue 3Beprxl 

100-300 r3B) KO:ater 6b1Tb OCyuteCTBJieHa B 6JIHXRAmee ,JteC.RTHJieTHe. 

3ta nporpaMMa MOEeT 6WTb 06ecnet~eEa y:ate .I(eiCTByDJitHMH ~H3Ht~eCKHMH 

npH6opaKx. E.I(HHCTBeuuoe ee rpe6oBaHHe, cayoe, noxaJiyR, Baxuoe -

3TO JIHKB~Hp0B8.Tb npo6eJibl B BOnpocaX aBTOMaTHt~eCKOrO ynpaBJieHHR 

pe:atHK8.MH ~H3Ht~eCKOrO 3KCnepKMeHTa H B COBepmeHCTBOB8.HHH CHCT8M 

06pa60TKPI HHq,Dp:van;HHe PemeHHe 3THX BOllpOCOB O.I(HOBpeMeHHO pemHT 

H ,D;pyrHe BOOpOCil, CB.fi38.HHble CO CTS.6HJIH3an;Het! H OOTHMH3aD;Hel pe

ZHMOB. 3TO rpe60BaHHe BblllOJIHHMO H He Bbl31lBaeT HHitaKHX COMHeHHI. 

llporpauua KaKCHyYM ( .I(HanasOH 3HeprHI 500-1000 raB) - 3TO 

.I(OBOJibHO cepbe3HWI nepecrpOAK8. CHC:TeM ynpaBJieHH.fi H perHcrpaD;HH 

nponeccoB. Ycnoxueuxe cxeM H uacHEteuuocrb pexHMa npoxexyrollHHMH 

~YHKD;HOH8.JibHbtKH npeo6pa30B8.HH.RMH c~6'DeKT8. HCCJie.I(OBaHIDI, CTaBHT 
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coBepmeuuo HOBble sa..n;aqx nepe,11; cJiyxc~olt o6ecnetieHHR pexuwos <t>msu

tiecxmx HCCJie,D;osaH:w:tt. B o611acrx csepXBhlco:s:mx 3HeprKA :ra:cnoJiueume 

nporpaYMhi-Ka:s:cxuyu, no-aameuy NHeHJm, sa~wer no xpa~tuelt Mepe 

,ltBa .D;eCRTHJieTHR • IlpH'IeM, BH,lJ;KMO, C~Ie,D;yeT yl.IHTbiBS.T:b 3,D;eC:& K HeMa

.1IOBaJ:Hid1 3KOHOMK'Iecxmti ¢axrop. Ocru.HOBHMCR ua u<hl no,11;po6uee H 

nocrapaeMc.a noxasar:&, 'ITO ,D;enaerc.a B 3TOM uanpasJieHHH. 

qeJIOBe'leCTBO 3atpal.IHB&eT Ha $K3HKY BbiCOKKX 3HeprH~ (~B3) ezero,D;

HO or I/4 ,11;0 I :u:Jip,D;.py6Jie~ H. aro cocrasJI.aer npmuepHo 10~ or o6ll(el! 

cyuw cpe,D;CTB Bbi,D;eJI.aewx npaBHTeJI:&eTBaJ.nt Bcex crpau ua uayqaHe 

HCCJie,D;O BaHHR B006Jne • YCKO pHTeJIK 3a)l.RJ:eHHHX tiaCTHU•.D;OpOrOCTO.RutHe 

COOpyJ:eHWI KaK B CMiiCJle CTpoHTeJI:&C~rBa, TaK K B CWCJie 3KCflJiyara

UHK. IIO CHJl:bHO ycpe,D;HeHHOI MHpOBO~ CTaTHCTHRe CTOHMOCTH YCKOpKTe

Jielt MOEHO Clt8.3aT:&, 'ITO ycTaHOBKa ,II;.IJI yc:s:opeHHR 3ap.a:XeHHbiX tiaCTHU 

,II;O 3Hepr:rdl I0-30 f3B 06XO,II;HTC.R B 50-70 M11.py6 • ECJIK 6bl CTOHMOCTh 

ycraHOBOK B03pacraJia nponopnxoHaJI:&Ho pocry 3Heprm«, ro Ha ycxopx

TeJI:& IOOO raB Heo6xo,Jtmto 6b1JIO sarpaTHT:& CYJlMY 6JIH3KyD It IO MJI-p,D;aM 

py6. KoHe'luo, Taitxe ycraHOBKH " He no xapMaHy" qeJIOBe'lecTBY m ux 

C03,D;aHHe :UOXHO 6btJIO 6bl OTHeCTH K O()JiaCTH HaytlHOi $aHTaCTHKH. 

O,D;HaKo, .l(el!CTBHTeJI:&Hoe no noxeHme BHute~ CKJla)UiBaerc.a HeCKOJI:&KO 

HHa'le. Ha pmc.J HaMH 6biJia C,D;eJiaHa IIOTIHTKa Ha OCHOBaHHH ,D;aJieKO He

nOJIH11X ,D;aHHiiX 101pOBOit CTaTHCTHKH no yCKOpHTeJI:&HOti TeXHHKe, K306pa-

3HTh 3aBHCHKOCTb pocra CTODOCTH ynKOPKTeJiel! OT HX 3HeprKH. Oxa

saJIOCb, liTO 3TOT npH6JIHJ:eHHiil rpa$UK ,D;OBOJibHO 06'DeKTHBHO OTpaJiaeT 

xapaxrep pocra sarpar ua cos.l(aHme :rcKopxrene:ti. HaqaJI:&Hhl~ yqacTOK 

xapaxrepeu .D;JIR 50-x ro,D;o B, KOr ,D;a ocint:rd! ypo BeH:& TeXHHKH m npow

mJieHHoro npoH3BO.D;CTBa He nosson.a:JI <:tpOHT:& ,D;emeBo yHlHtaJI:&HHe Bentm. 

C ro,D;aMH TipHXO,D;HJI OTIHT H COBepmeHc~:BO TeXHOJIOrHH H KPHBaH BMeCTO 

pesitoro pocra npHHKUaer .l(OBOJI:&HO n~~BHHI xapaKTep, tiTO conpoBo-
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:Z:)J;aeTCSI 6ypHliM pOCTOM ItOJlHtleCTBa JC:KOpHTeJieit B 60-x ro)J;aX. 3TOT 

nOita3aTeJI:DHliit cpaKTOp Jier B 0 CHO BY );a.JI bHe timero pa3BHTHSI npoeKTHliX 

pa60T no C03,ll;aHMll yCitOpHTeJiel Ha 6<1Jiee BWCOKHe 3HeprHH. H3ytla.SI 

OnliT CTpOHTeJibCTBa yze ~eiCTByD~HX JCKOPHTeJieit H nO)J;XO,li;SI CTpOro 

HayllHO It Bli60py OCHOBHliX napa.ueTpOB ycTaHOBOK, yqeHIJe H HHJ:eHeps 

HaYtfHJIHCb HCKJCCTIY 3ROHOY:HllHOrO OOCTpOeHHR CBOHX npoeiCTOB. TipH

Be~eM HeCKOJlbiCO npHMepoB: 

I) B pesyJII>Tare rmaTeJibHHX HCCJie)J;o:saHH:tt oxa.aanocb 3ROHOMHllec

KH HeBlirO,li;HHM CTpOHTeJibCTBO JIHHeitHUX yc:s:OpHTeJieit )J;JISI npOTOHOB 

( no Tlmy yCitOpH'feJISI C ).tpett<flOBliMH ~~py6Ita:MH) Ha 3Hepr:mo CBlime 

50 M3B. CBhtme 3TOi! 3HeprHH pes~to BospacraJia norpe6JIJJeua.SI B/q MOut

HOCTb. 0Ka3aJIOCb B03MOXHliM 6oJiee ~~aqaoe pemeHHe - C03.ltaHH8 KOM-

6HHHpOBaHHliX CHCTeM: npe,li;BapHT8JlbHi~ ( ,ll;pei~OBae Tpy6KK) H 3aKJD

tiHT8JI:DHa.SI -BoJiao BO.ltHa.SI (6eryll{aSI BO.taa). Ta~toe pemeawe ,11;aJio 3KOHo

MHtlHyD ItOHCTPYJtiUfD JIHHelaoro yCKOpllTeJISi Ha 3HepriUO 200 M3Be 

JlaJI:DHeBmee 3KOHOMJ4llHoe yBeJIHt~eHHe :JaeprHH u:oser .ltaT:D ItpJioreHHaJI 

TeXHHita - C CHHZeHHe norep:D H, cnet~o BaTeJI:DHO, norpe6.11aeuol :wo~

HOCTH). 

2) CBOeo6pa3HIH4 HH:IeHepHlill H :1KOHOMiNaCKHM pemeHHe:U: SIBJISieT

C.fl OOTrnLaJibHliit Bli60p HHJIC8KUHOHHliX GHCTeM .ltJI.fl 60JI:bWHX yCKOpHTeJleit. 

Paapa6oTllHitaM y~aJIOC:b BliHCHHTb aaB:~tCHMOCT:b u:ex.D;y saaqeaJtteM noJISI 

HHJ:eRUHH H 3HeprHel! HHJ:8KTHpyewx ,~aCTHU ( CM. P*IC.4). 3TO BeC:DMa 

Bai:HOe 06CTOSITeJI:bCTBO 3Ha'QJ4T6JI:bHO ynpOCTJiiJIO Bli60p HatlaJI:bHHX YCJIO

BMit B OCHOBHOll YCKOpHTeJie I4 003B0Jli1:JIO 3aJIOllHT:b OCHOBbl 3ROHOMHlleC

KOMy IIOCTpOeHHIO B/ll CHCTeM. 

Heo6XO)J;HMOe COtleTaHHe nOJISI Jt1Hli:1~KIUiJII !ft) H 3Hepr HH HHJ:eKIUUi - ., \ 

v.ft\ onpe,ll;eJIJieTCSI CJie,DyDII{HMH C006p.i:1:8HHRMH! 
-;I I 
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I • 3HeprHSI HHXeKIU1H ,llOJIXHa 6IiTh ,llOCTaTO'tHO BeJIHKa 'tT06Ii: 

a) BO-nepBLlX .. o6ecrreqHT:b peJIJiTHBHCTCKHti peJICID.l yJICe rrpH HH

XeKnHH B OCHOBHYD MamHHY• 3TO ,n;aeT BOSMOJICHOCTh C03,IJ;aHHSI BLlCOKO

,llOc5poTHiiX BliCOKO'taCTOTHhtX CHCTeM 6HS MO,llyJISinHH 'taCTOTLl ( CynteCT

BeHHOe ynpoll(eHHe) H ITOJiyGeHMe SHaGJ~TeJI:bHiiX HanpsuceHHOCTel SJieKT

pH'teCKHX yCKOpSIDIIUiX ITOJie!, 'tTO B C30D Oqepe,lJ;l> Onpe,n;eJISieT Bli60p 

KOJIH'teCTBa yCKOpSIKlllfKX CTaHnHti ITO Op6HTe yCKOpHTeJISI. 

6) BO-BTOpsx, npH BLICOKOkt 3Hepl'HM HHJCeKnHH HMeeT MeCTO MaJINi! 

3HepreTHGeCKHm pas6poc H Ma.Jillkt q)aSOBii~ 06'IlEhd nyqKa sa CGeT CJia-

6oro BOS,lleACTBHSI CMJI B MOMeHT nepe:CO,llHOrO peJICHMa. 

3to O'teHb BaJCHOe OdCTOSI TeJibCTBO, T ,Jt. MaJild~ 3MHTTeHC HHlleKTHpye-

MOrO nyqJta onpe,ll;eJISieT Bs6op aneprypu KaMepu ocHOBHOti MamHHll, a, 

CJie,llOBaTeJibHO, lit 3KOHOMMGHOCTb B ITOCTpOeHHH MarRJIJ.THhiX CMCTeM. 

2. BH60p OllTHMaJihHOro 3Ha'teHKH ITOJISI HHXeKnHH onpe,neJISieT 

He06XO,llHMOe nepeKpllTHe B HSMeHeHHH MarHHTROrO ITOJIR sa nHKJI yCKO

peHHSI III He06XO,IJ;HMyD KpaTHOCTb yCIW])eHHSI. 

3. 06 3KOHOMHGHOCTH BLldOpa Bl:lCOKO'taCTOTHiiX CHCTeM Cil:lJIO CKa

SaHO BHme. 

3ro ,naJieKo He noJIHum nepeqeuh uep npe,nnpHHHMaewx yqeusMH H 

HHXeHepaMH COS,IJ;aTeJISIMH yCKOpHTeJieti Ha CBepXBl:lCOKHe 3HeprHH. 

Crporo HayqHuii H 3ItOHOMH'tHllti no,nxo~~ K pemeHJ.m npodJieM ycKOPHTeJib

HOtt TeXHHKH, llOSBOJIHJI C03,llaTb npoeJtTii yCKOpHTeJieH Ha 200, 300 H 

I 000 r3B, CTOIDIOCTbD, He Bl:lSl:lBaDnteH desHa,IJ;eJICHOrO HaCTpOeHKH cpe

,llH yqeHl:lX H MHJICeHepOB-cnenHaJIHCTOB B OdJiaCTH qlHSHKH Bl:lCOKHX 

3HeprHtt. ( KaK BH,IJ;HO HS rpaq)Hita pHc.3 CTOHMOCTb 1000 r3B ycKOpH

TeJISI JieXHT B npe,neJiaX 800-900 MJI.,IJ;OJIJiapOB). 

Krait, aHaJIHS rexHmqecKJ.iX H 3KOHOMHGeCKHX KPHTepHeB, onpe,ne

JISII>II{HX llOCTynateJibHOe pa3BHTHe qlH311KH BliCOKHX 3HeprHm ll0K8.38..1l, 
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qto: I) YpoBeHb teXHHKH ctpomrenbctsa, aHepretHKH, aneKTPOHHKH 

Ha ,JtaHHOM 3tane ll03BOAHeT ocymeCTBHTb CTpOHTeAbCTBO YCKOpHtene~ 

Ha 200-300 reB. 

2) OtctaBaHHe B o6nacrm ynpaBneHRH, onrmuHsaqmm peEHKOB m 

o6pa60TKH HH~OpMa~HH, B CBeTe Tpe6oBaHHI ~H3HqeCKOrO 3KCnepHMeH

ta, MOXeT 6Utb npeO,JtOAeHO. rapaHT~H TOMY- 3HaqmteBbHHe ycneXH B 

3TO~ 06JiaCTH. 

3) 3KOHOMmqeCKHe sarpatU HaXOftHTCR B pa3yYHHX npe~eJiaX H 

6esyCAOBHO OKYllHTCH B KOpOTKH~ cpOK $YHlaMeHTaJibHHMH OTKpHTHRMH 

B 06JiaCTH $H3HKH aTOMHOrO Hlpa, B KOTOpUX 3aHHTepeCOBaHa npM

ltJI~HaH $H3HKa. 

4) CtpOHTeJibCTBO cynepyCKOpHT€Jie~ B HaCTOH~ee Bpeua npe~CTaB

JIReTCH 3aTpylHHTeAbHHM, KaK C TOqRH 3peHHH 3KOHOMHQeCKO~, TaK H 

rexHmqecKo~. OlHaKo, Heo6XOlKMO yJe ce~qac secrm cepbesHue 

HayqHO-HCCJie~OBaTeAbCKHe pa60T~ no pa6oqeMy npoeKTHpOsaHHV H 

MO~eAHpOBaHHD CHCTeM OnTMMM3a~MH V. ynpaBJieHHR, a taK Ee $H3Hqec

KHX RBJieHHI, OE~aewux npH MHOrOClalH~HOM YCKOpeHHM. 

5) Heo6xo~HMOCTb crpomteJibCTBa ycKopmreJie~ CBepxsucoKHX 

3HeprH~ oqeB:KlHa. Ees reHepatopos qacrmn csepxsucoKo~ aHeprzm 

HeB03MOXHO npOHHKHYTb B COKpOBeH~e Ta~HH H~pa. 

6) I!pHH~im, HCDOJib3Yil~H~ 3qxpeE:T coy~apeHM YCKOpeHHHX nyq

KOB, nepcneKTHBeH. 0H B COCTOHHHH B3HTb Ha ce6R pemeHHe MHOrHX 

3~aq, BH~BHraeMUX $H3HK0g CBepXB~COKHX 3HeprH~, OC06eHHO B 06Jiac

TH ynpyrHX B3aHMOAe~CTBH2. 0lHaKO yctpOICTBa, nOCTpOeHHHe no 

3TOKy npHHUHllY He B COCTORHHH pemli:Tb UeJIH~ PRl npHHUEHaJibHO 

BaJICHUX 3alaq RAepHOi1 $H3HKH ( HOBb:e qactMUU, TRJCeJiue aHTJtiRApa 

H ,Itp.). 
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Onpe,D;eJIHM OCHOBHhle 3a,D;atiH YCKOpHTe~thHOli TeXHHKH Ha cerO,D;HSiillHPII 

,D;eHh: 

I • liOBhlmeHHe KHHeTHtieCKOti 3HepJ'HH yCKOpSieMIIX tiaCTHU• 

2. liOBHmeHHe HHTeHCHBHOCTH ycrtopSie:MhiX cryCTKOB tiaCTHUe 

TiosHmeHJi1e K}.!HeTHtiecrtol 3Hepr:wu ycKOpSiewx qacT:rrm sazHo so seeM 

,D;Hana30H6 HCCJie,D;yewx 3HeprHI B3aHh40,D;eiCTBHSI. TI03TOMy 60JibWH6 

pa6om B 3TOM HanpaBJI6HHH se,nyTCSI 11pH paspa60TKaX .npSIMHX M6TO,ItOB 

ycxopeHVIa ( ,D;Hanasos HH3KMX 3HeprM:~)". Celfqac yze teXHVIKa 3Toro 

sanpasJieHHB pacnoJiaraeT TaH,D;eM - Y'~KOpMTeUKH Ha 3Heprlrfl) .no IGeo~ 

Irf 6oJiee. 3,neCb OCHOBHLI6 np06Jiew, l)rpaHH'IHBaKHqHe 3HeprHD 3TOrO 

,D;Hana30Ha, CBSI3aHU C paspa60TitOI BJICOitOBOJlbTHLIX CHCT6M nHTaHHSI. 

( 3.JieKTpOCTaTHt16CKMX re He paTOpO B, ~~eKUHOHHpO BaHHblX TpaHC€{>0pMaTO

pOB, ItaCKa.D;HHX CHCT6M). 0cHOBHHe n}06JieW: H30Jl.fiUHOHHHe MaTepHaJibl 

III 6opb6a C yTet~ItaMH sapSIJB:eHH!lX noB,~pXHOCTe;t. HeCMOTpSI Ha TO, liTO 

ycxopmTeJihHae ycTpo;tcrsa npSI:uoro T~na s o6meM pa3BHTHH ycKopVITeJih

HO~ TeXHHKH 3aHHua.DT ,D;O BOJlbHO 3Ha~:4TeJibHO e MeCTO ( H3 o6mero 'tlrtC-

Jia YCKOPHTeJibHHX ycTaHOBOit MHpa , 2000 6,D;HHHU, 70,% npHHa.D;Jie-

JB:HT 3TOMY THny), MH Ha HHX no.n;po6H) OCTaHaBJlHBaTbCSI He 6y,D;eM. 

Ha pHc.5 B BH,D;e 6JIOK-CXeUH npe,D;CTaBJieHa xapTKHa npo6JieM, CBSI3aH

HLIX C pemeHHeM OCHOBHLIX 3a,D;aq yCK0pHT6JlbHOI TeXHHKH Ha cerO,D;H.fiW

HHI ,D;6Hh. Tipo6JieW 3TH CBSI3aHH C yseJIH'tleHHeM KHH6TH't16CKOI 3Hep

rHH H nOBHineHHeM HHTeHCHBHOCTH cryCTKOB YCKOpSieWX tiaCTHU. Cy

ll{eCTByeT TpH OCHOBHHX HanpaBJI6HHSI noJiyt~eHHR 3<Pql6KTa CsepXCHJlhHHX 

B3aMMO,D;eiCTBHI: 

I. Co3,D;aHHe cynepycxopii1TeJiel. 2. Co3,D;aHHe ycTaHOBOit co cTaJI

KHBaDmHMH DJ'tiitaMH. 3. PacmupeHHe nporpaMMa ItOCMHtieCKHX HCCJie,D;O

BaHHI B 06JiaCTH ~H3HKH BHCOKHX 3HeprHI. 
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Coa.B;aHHe yCKOpHTeJie~ Ha CBepXBHCOKliJH SHeprHH ( C HeTIO,D;BH!:HOM 

MnmeHhl>) ner no cne.u;yD~H:u: HanpaBJiea:HHM: 

a) Jln.a: YCROpeHH.R npOTOHOB CTpOSI'rCSI 11 npoeKTHpyDTCH KaCit&,D;HHe 

CHHXpOTpOHH CO CTa,D;H~HHM YCKOpeHMeM qaCTHU H TI~3MeHHH€ yCKOpH

TeJIH (cccP, cmA, UEPH). 

6) lJI.a: ycxopeHHH 3JieKTpOHOB ( H B p.a:.n;e CJiyqaeB ,D;JISI npOTOHOB) 

OOMKMO CHHXpOTpOHOB H YCKOpHTeJie~ C npocrpaHCTBeHHO~ op6HTO~ -
( ~: wnvr ; f : ~n~ ) ' CTpDRTCSI rmraHTCKHe JIHHetlHhte YCKOPHTeJIH 

Ha 3HeprHD OT e,D;HHHU reB ,11;0 40-60 raB ( aanpHMep, CTe~Op,D;CKHM 

JIHHeftHH~ ycxopHT€Jlh " MOHCTp"). 

B) lJIR YCKOpeHH.H TSIZeJIHX qacTHU C03,D;aDTCSI cnenHaJihHHe yCKO

PHTeJIH THna 0MHHTpOH (CmA, EepKJIH), KOTOpHM TI03BOJIROT TIOJiyqaTh 

TRJJCelllie qacTHUH C SHeprHe~ 400 MsB/HyKJIOH ,IJ;JISI BCeX HOHOB C M ~ 40 

H He MeHee 15 MsB/HYJtJIOH ,D;JIR HOHOB 0 M ~129. 

r) Paapa60TKa HOBHX MeTO,Il;OB ycxopeHHSI qaCTHU ( HanpHMep, 

croxacrHqecKH~ cnoco6 H xorepeHTHOe ycKopeHHe). 

2. 0pHrHHaJihHHM HanpaBJI€HHeM SIBJISieTCSI paspa60TKa MeTO,D;OB 

CTaJIRHBaD~HXCSI nyqKOB ( TIO,ll;BHZHaSI BCTpeqHa.a: MHmeHh). 3TOT MeTO,II; 

TI03BOJISieT OOJiyqHTh CBepXCHJlhHHe B3aKMO,D;eiCTBKR B UeHTpe MaCC. 

OqeHh xopOTKO o :u:ero.u;e. Z3BecrHo, qro B ycxopxreAHx c Heno.u;BHZ

HOI MHmeHbD Tpy,D;HO TIOJiyqHTb 60JibillyD yrJIOByD paCXO,D;HMOCTb npH CHJib

HOU B3aHMO,IJ;eftCTBHH, TaK KaK 0CHOBH8R qacTb 3HeprHH HaJieTaDmett 

qacTHUH TpaTHTCSI Ha ,D;BH~eHHe o6mero neHTpa HHepUHH H TOJlbKO UaJia.a: 

qaCTb Ha OTHOCHTeJibHOe ,D;BHEeHHe B38KMO,D;eiCTByDmHX qacTHU. 

MHTepeceH C 3TOI TOqKH apeHHH rpa¢HK pHc.6 a) KOTOpHI HJIBDCTPH

pyeT norepD 3HeprHH ( B ~) Ha npeo.n;oJieHme HHepnHH neHTpa Mace 

npH ,II;BH:I6HHH. 
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IlpH MeTO,D;e CTaJIKHBaDIIU!XCSI ny\litOB, BaaHMO,D;eiCTBHe npOHCXO,D;HT B 

n;eHTpe JlaCC, npH 3TOM ,IJ;BHJ:eHHe B3aHMO,D;e~CTByJ)utHX CHCTeM B sa.n;a,qy 

3KCnepHMeHTa He BXO)J;HT. 3TO tteH:b y,JJ;atiHbll CTIOCOO H30e:ataTb 00JiblliHX 

TIOTepb 3HeprHH npH nepeXO,D;e H3 Jia00)aTOpH01! CHCT ew B CHCTeMy 

n;eHTpa HHepn::r,nt. llpm TaKOM B3aHMO,D;ejiii)TBliiH B CHCTeMe n;eHTpa Ma.CC 

B03HliiKaDT orpOMHUe 3HeprHH B3aHMO,JJ;e~CTBHSI, )J;JISI TIOJiyqeHHSI KOTOpbiX 

B ycKopmTenax c ueno.n;BHJ:Hol MHmeHbD HYJ:HO OHJIO Obi HMeTb ttacTHD;bl 

c sueprHe~ B .n;ecHTKH H Oonee ~as oon~mme, tteM sueprHH CTaJIKKBaD

utHXCSI nyqito B. 

3ueprHSI coy.n;apeHHSI B peJISITKBHCT~KOM CJiyqae ( B npe.n;eJie) 

€£:--·~ = .2¢%,~ 
:: l"._s;, .. 

HanpYIMep, ttTOObi no.nyqHTh e -e BSaKMo.n;elcTBme npH 3KBHBaJieHT-

uo:« 3HeprHH 70 rsB ( YCKOpHTeJib C H3TIO,D;BHJ:HOI MHWeHbD), no MeTO,JJ;y 

CTaJIKHBaDutHXCSI nyqKOB, neodXO,D;HMO HMeTb 3HeprHD B3aHMO,D;eiCTBYD

utHX nyqKOB Bcero 180 MsB. 

Ha pHc.6 0) npe,D;CTaBJieH rp~HK COOTBeTCTBKH 3HeprHH CTaJIKHBaD

mHXCSI nyqKOB C 3KBHBaJieHTHO:H 3HeprEe:H yCKOpHTeJie:H C HeTIO)J;BH~HOI 

wmmeHhD .n;na B3aMMo.n;e:HcTBH:H e-e ; p-p ; e-p. 

HecMOTpSI ua,Kasanoc:D Oa, orpoMHHe npemMymecrBa ycraHOBOK co 

CTaJIKHBaiDmKMHCSI nyqKaMK qacTKU, npodJieMa CTpOKT8JlbCTBa cynepyCKO

pKTeJie:H ocTaeTca ocTpo:«. laJI~>uejiiwee msyqeume CTPYKTYPY uaTepHK 

HeBOSMOXHO Oes ycKopHTene:H c ueno.n;EHJ:Ho:H MmmeHbD. RMeHHO Ta ue

OOJihWaSI qacTb sueprHH " ocTaromaaca~ OT npeo.n;oJieHHR muepn;mm n;euTpa 

Mace H HBJISieTCSI TOI npHtiHHOiii, KOTOJaSI Bb13b1BaeT MHOJ:eCTBeHHOe 

po:a:.n;eHHe HOBbiX tiaCTHD;. A 3TO e.n;KHClBeHHH:H nyTh BrJiyO:b aTOMHOrO 

SI,D;pa. KaK ,D;JISI cynepyCKOpHTeJiejii, TaF: H ,IJ;JISI YCKOpHTeJiel CTaJIKHBaJl

lltHXCSI llyttKOB, eCT:b OOJI:blliOe KOJIHtieC1'BO npoOJiell, CBH3aHHb1X C Ha

KOll.lleHHeU qacTHD;, C TIOCTpOeHHeM HHJCeitl\HOHHbiX ycTpO:HCTB. JIJISI 
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Broporo rKna ycxopxre~el pemam•ym pon» npw o6ecnet~eHHH ~exrwB

HOCTH npoBe~eHHH ~H3HQecxoro SKCnepHMeHra, HBAHeTCH UHOTHOCT~ 

B3aWMO~e~CTByD~HX ny'liKOB HHH HHaqe npo6HeMa " npo3pat~HOCTH" no~

BHXHO~ MHmeHH. 0T 3TOrO saBHCHT BepOHTHOCTh poz~eHKR C06HTH~ H 

BpeMH axcnepKMeara, xoropoe orpaaMqeuo speueaeM XH3HH aaxannH

saewx nyqKOB. 

3. HsyqeuHe noroxos qacrnn, pox~aeMHx B pe3yRhrare B3aHMo

Ae~cTBHn KOCMHqeCRHX 06~eRTOB HBAHeTCH He MeHee BaXHHM HanpaB-. . 

neHHeM B ~H3HKe BUCOKHX 3HeprHi. DepcneKTHBH pa3BHTMR 3TOrO 

HanpasneHHH, COCTOHT B HCll0Hh30BaEHH AOCTHXeHH~ qenoseqecrsa B 

06MCTH OCBOeHHSI 0KOJI03eMHOrO ItOCli:HqecKOrO npocrpaHCTBa. <RH3HKa 

H3yqeHWI KOC:MHqecKOrO npocrpaHCTBe .• ~H3mta H3yqeHHH KOCMH'lleCKHX 

Jiyqen - 3TO~ HapOpMaUHH 0 ecreCTBEHHHX nponeccaX npOHBJieHHH 

uarepHaJihHOit CyiiUIOCTH BCeJieHHOit, ;;ORJKHa BllitTH 3a npeAeJlll 3eMHOit 

aTMOccpepu. 3TO 06CT0HTeJihCTBO po:m:;;aeT HeMB.JIO npo6HeM, CBH3aHHHX 

C MeTO.lUut<llft HCCHe~OBaHHH H TIOCTpOEmllH pernCTPHIJYKHl{YlX ycrpotiCTB 

c yqeroM oco6eHaocreti npoBe.n;eHHH ~~KcnepKMeHra. Bonpocu o6pa6oTKH 

HH~pMaUHH H ynpaBJIReWUX nporpaMM SKCnepHMeHTa RBJIReTCR TaKHMH 

:m:e ocrpu:Mn, Kax H ~JIH ,n;syx npe,n;u,n;y~ux HanpasJieHHti. Ha pHc.5 npH

se,n;eHw HaH6oJiee aKryaJihHhle npoel Jieuu, RBJIHIO~Hecn: o6~HMH ,n;Jin: Be ex 

rpex HanpasJieHHti: 

I. Pa.spa6orKa case pmeHHllX cHc~~eM asrouarHqecKoro ynpasJieHRR, 

H CHCTeM OITTHMH3anHH peXKMOB. 

2. Co3,n;am1:e aJiexrpoHHOit annaparypa c M8JlllM speMeHeM pa3pe-

me HJ.i.fl. 

3. Co3,n:aHHe CHCTeM BliCOKOCKOPOCTHO~ o6pa60TKH LIH~OpMauHM B 

CBH3H C npe,n;nonaraeMbiM yseJIH'lleHHeM 06'beMa HHcpOpMaUHM. 

4. Paspa6orxa MOmHHX cxcreM B3o,n;a H Buso.n;a qacrun npn 
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BeC:DMa XeCTKMX rpe6o BaH lUI X Ha 6HCT110;J;eJiCT BRe H CTa6 HJI:DHOCT:D TIO BTO

paeMOCTH OT UHKJia K UHKJIY napaMeTpCB ynpaBJIHD~HX CHCTeM. Yxe 

Cetfqac HYJfCHll MODtHile CHCTeW HaHOce::yH.n;Horo ,IJ;Mana30Ha )J;JIH ycKOpH

TeJie~ CTaJIKHBaD~HXCH nyqKOB H HaKOHRTeJieli. HanpHMep, He06XO)J;HW 
r~, 

reuepaTopu nmyx:ocoB: F {luin\_. roo MrBaTT 

c tlJpOHTOM HapacraHHH I. ro-9 cex. Tc 1qHOCTh CHHXpOHH3aUHH Taxoro 

:z:e nopa.n;Ka. 

5. Cos,n;aHHe BliCOit03qxpettTHBHh1X 11 3KOHOW:HqHblX CHCTeM cenapaUHH 

qacrm:t. 

6. Pa.n;xa.UHOHHM santHTa nepcoHa.'la o6cxynBa.Dntero !f>HsHqecxml 

3KCTiepKMeBT. 3xpaHHpOBKa. 

7 • PeSKOe CBHXeHHe pOJIH cy6'heK'CHBHOrO !f>aKTOpa B BOnpocax 

HaCTpOJiKH H HOpMaJI:&HOI 3KCTIJIYaTaiUt4 yCitOpHTeJiel. 

BonpocoM paspemeHHH 3THX npoc5xeM 6:iJIO y,n;exeuo .n;ocraroquo BHJD.(a

HHH B npe;J;bl,li;YJJteM HSJIOXeHHH MaTepHana, B CBHSH C qey BeT He06XO

,li;HMOCTH e~e pas OCTaHaBJIHBaT:&CH Ha 3TOM. Ha TOM Xe pHC.5 OTpa

XeHbl np06JieMHJCBHSaHHiie C TIOBHmeHHeM HHTeHCHBHOCTH cryCTKOB yCKO

paeMHX qacTHU. Heoc5XO,II;HM0CT:D B c50JibmHX TOKaX ycttopaeMHX qacTHU 

BTIOJIHe oqeBH,IJ;Ha. YBeJIHqHBaH BepoaTHOCTh pox,n;eHHH TeX HJIH HBllX 

tPHSHqecttHX HBJieHHJi B npouecce BSaHMO;J;eliCTBHH, MH reM CaMUM flOBH

maeM TO~HOCT:D HSMepeBHH, COKpamaeM BpeMR Hac5opa CTaTHCTHqeCKOrO 

MarepHaJia H yBeJIHqHBaeM Oc5'heM H~OpMaUHH. C yBeJiwqeHH8M TIJIOTHOC

TH B3aHMO,IJ;eiCTByD~HX nyqKOB yCKOpeBHHX qaCTHU Cyll{eCTB8HHO TIOBH

CHTCH ~eKTHBHOCTh MeTO,IJ;a CTaJIKHEaD~HXCR nyqKOB H CBHSHTCH 

Tpec5oBaume sa Bpeua XHSBH HaKannHEaeMHX nyqKoB. Bop:&6a sa HH

TeHCHBHOCT:D YCKOpeHHHX nyqKOB Be,IJ;ETCH yqeHHMH H HHXeHepaMH-yCKO

pHTeJihll{HitaMH B TeqeHHe BCero Bpe:ME·HH cy~eCTBOBaHHH YCKOpHTeJI:DBOti 

TeXHHKH. Cxozuocr:o 3TOti sa.n;aqH .n;oc:raroquo uarxa.n;uo mJIJIDcrpHpyeTca 

rpa!f>HKOM pHc.7, Ha KOTOpOM npepHBUCTOJi JIHHHei! Oc50sHaqeua Oc5JiaCTh 
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,lJ;OCTHrHyTUX cpe,D;HHX TOKOB ycttopmTeJWii no COCTOSIHWO Ha 1967 r • 

TpH OCHOBHHX HanpaBBeHH.R cy~eCTByeT B pemeHHM 3a,11;aqm no yBenmqeHWO 

HHTeHCHBHOCTM. 

I. MontHhle KHli:6KD;HOHHhle HCTOQHHKlf sap.a:EeHHhlX tzaCTHU. 

2. YBeRHtleHme UHKRHqHOCTH pa60TU yCKOpHTeneA. 

3. Hcnon:osoBaaHe npe.li;Bapmren:ouhl:c uaitonmrene:tt. 

B Ita:l,l(OM 143 3THX HanpaBJieHH:t! eCT:b CBOH npo6JI6YI:i H,KaK npaBHJIO, . . 

HHteTcSI onrmaJI:ouoe pemeume no BCeM ~~peh4 uanpaBJieHH.aM. l{eJio saitJII)-

qaerc.a B TOM, qro nepBoe m rpeT:oe uanpaBJieHxe orpaal{t{eHo ,l(elcTBHeM 

06'beMHOrO sap.a,Ita, BTOpoe - liiHepn;:~IOH:iOCT:blO MarHHTHHX CHCTeM. KpoMe 

yitaSaHHiiX np06JieM, yBeJIHqeHHe HHTeHGHBHOCTH CTaBHT nepe,It paspa60T

qHitaMH HOBH6 sa.n;aqH B CB.S3H C Te:u:, 11TO 

I. Koueqaaa npoBO.ItHMocr:o creHOK Itauephl npm 6oJI:ommx nJIOTHOcr.ax 

TOKa yCKOp.aeMOrO cryCTKa npHBe,IteT lt 06pa30BaHHD HaBe,IteHHhlX 3JI6KT

pH'l6C1tHX noJieU, KOTOplie Bli30BYT B03llYllt6HHe ,1J;HHa.MH'l6CKOro ,ItBH:IeHHSI 

qacrm..t B npon;ecce ycKopeHHSI. HaBe.zte:JHHe noJI.a H noreun:mJiw ·oxaxyr 

cy~eCTB6HH06 BJIHSIHH6 Ha 6eTaTpOHHH6 KOJie6aHHR H CM6llt6HH6 HX 'laC

TOT B pe30HaHCHH6 06JiaCTH, qro BI:i30:36T ,ItOITOJIHHT6R:bHH6 norepH HH

Te HC JiiBHO C TJii • 
I 2. EoJI:omHe nJiorHOCTK crycrKa ( ~~oJiee I·ro 4 P/\o\ ) BusoByr 

myHTHpyD.ee ,D;eacTBHe Ha pesoHaHCHhle CHCT6Mli BiiCOltOqacTOTHOrO llH

TaHHR yCKOPH!eRR, 'ITO npHB6)1;6T K ,D;OJlOJIHHT61l:bHOMY pacXO,Ity B/q MOnt-

HOCTH. 

TaKHM 06pa30M, 3TH npo6ReMH B CBOIO oqepe,D;:D sacTaBRT o6paTHT:b

CR K ycJiyraK KpmoreHHOH TeXHHKH ItaK ,ItJISI HCTOqHHKOB, TaK H ,lJ;JISI B/'l 

CMCTeM. KpoMe roro, CBepxnpOBO,ItHMOC'r:O BH,It:O:O 6y,l(eT He06XO)l;HMa PI 

npm C03,l(aHHH CHRbHHX y,D;epli:HBaDntPIX H KOMneHCHPyDntHX MarHHTHhlX 
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DOJieti. 3a,1taliH ,JtOCUTOttHO CJIOJ:Hlie, Ea:t B CJiyqae flOBJiilleHWI KHH9TH

lleCKOlt 3HeprHH, TaK H yseJIHli6HIDI llJIO'rHOCTH TOKa YCKOpSieWX llaCTHU. 

HeTpy,JtHO BH,D;6T:b, QTO B TOM H .D;pyro:u: ·~Jiyqae KaK 06SI3aTeJI:&Hl:itf 3JI9-

Y9HT, 6e3 KOTOporo H9B03U:OXHa HOpMaJibHaSI 3KCflJiyaTaUHSI YCKOpHTeJiel, 

npmcyTcTsyeT npo6JieMa cos.n:aaHSI cosepneaaux CHCTeM asTOMaTuqecKoro 

ynpaBJieHHSI H OllTHMH3anmSI peXHMOB. 

3'!0 Oli9BH.1tHlia ~aKT, C KOTOpHM H6Jlb3SI He cqHTaT:&CSI. llpHBe,JteM eme 

0.1tHY 6JIOK-CXeMJ ( pHc.8 ), HJIJIDCTp~pyDmyD He06X0.1tHMOCTb cep:b-

e3Hli:X YCHJIH~ B ,JteJie COBepmeHCTBOBaHHa CHCTeM ynpaBJI9HHSI. 

06o6maSI .ItaHHhle, H3JlOX6HHlie Blime, MH MOXeM c¢opyYJIHpOBaT:b 

CJie~DmHe BUBO~: 

I. C yseJIHli6HHeM KHH9THlleCKO~ 3HeprHH YCKOpSieMHX ttaCTHU H 

llOBUWeHH9M HX HHT9HCHBHOCTH, B03HHKaDT cep:be3Hli9 HHlteHepHHe npo-

6JieMli, CBSI3aHHlie C o6ecnelleHHeM HOpMaJI:&HOI 3KCDJiyaTaUHH CJIOEHHX 

ycxopHTeJI:bHHX xounJieKCOB s nponecce npose,JteHHSI ~Hsmqecxoro 3Kcne

pH:u:eaTa. 

2. UeJiecoodpasaocT» cTpOHTeJI:bCTBa CJIOXHl:iX ycTpo~cTB o6ecne

qeaHSI ~H3HlleCKOTO 3KCnepJ4MeHTa, B OCHOBHOM, CSy.n:eT onpe.D;eJISITbCSI 

3~eXTHBH0CT:bD HCllOJI:b30BaHHSI YCKOpHT9JlbHliX KOMnJieKCOB B CBeTe 

sa,D;all, KOTOpue CTaBHT nepe.D; COdOI ~~3HKa Bli:COKHX 3HeprHA. 

J. ~eKTHBHOCTb HCDOJlh30BaHHSI ycxopHTeJie~ 6y,1teT 3aBHC6Th 

OT HacameHHOCTH tPOHTa ¢H3Hli6CKHX HCCJ16,1tOBaHHI, onpe,D;eJISI6:U:OrO 

KOJIHlleCTBOM , O,JtHOBpe:u:eHHO npOB0.1tHMHX pa60T B illHPOKOM_,D;HanaSOHe 

3Hepr~ B O.ltHOM UHKJie yc:s:opeHHSI. 

4. Pa3H006pa3He MeTO.ltHK ~H3EN6CBHX HCCJ16,JtOsaHHI nOTpe6yeT C03-

,D;aHJ4SI YHHBepcaJI:bHHX nporpaKM:KpyDmHX ycTpO~CTB H CHCTeM aBTOMaTHttec

KOrO ynpasJieHHSI YCKOpHTeJielt B MHOronapaMeTpHlleCKOM peXHMe. 

5. BospaCTaDmme Tpe60BaHHSI K TOGHOCTSIM H3MepeHHI B nponecce 

~H3Hli9CKOrO 3KCnepHMeHTa ( CTa6HJI:bHCCTb nporpaMMHOrO ynpasJieHHH, 
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CHHxpOHH3aUHH, KOH~MnHR BHBO~HMHX nyqKOB 60BbWO~ 3HeprHH H ~p.) 

TIOTpe6yeT C03~aHHR KHOrO~aTqHKOBHX cmcteK KOHTpOBH, a CHCTeM OTITH

Ma11bHOrO Ba6opa npe~noqTHTe11bHoro pe:a:m:ua. ( c yqeTOM pea11bHOro coc

TOHHIDI peryJIHpyeMOrO 06'beKta) npH peD[6HHH 3~aHHO~ cpyHKUHOHaJibHO~ 

s~aqm. 

6. CHCTe:Mhl nporpa.MMHpOBaHHH, ynpE.BJieHHH H aBTOMaTHqeCKOH OTITH

MH3aUHH pe:Z:HMOB TIOTpe6yiDT lltHPOKOrO TIJllrfMeHeHHH cpyHKUHOHaJibHUX 

perHCTpHpyK>II{HX ycTpOirlCTB H BblqJI!CJlHTeJlb}IHX MamHH ~HCKpeTHOro H 

HenpepbiBHOfO ~e~CTBHH. 

7. HactpOJrlita H HOpMa.JihHa.H 3ItCnJiyataU11H YCKOPHTeJihHHX KOMllJieKCOB 

He ~0 JlllCHa 3aBHCeTh OT cy6'beitTHBHbiX cpa.KtOpO B, onpe~eJIHeWX KBaJIH

cpHKaiJ;Hea H OTibiTOM onepaTOpa. ~YHKUHH onepatopa ~OJIJ:HH 6UTh orpaHH

qeHbt: nporpaMMHPOBaHHeM 3a~aq cp~r~3mqe~~xoro 3KCnepHMeHTa, ynpaBJie

HHeM nporpaw.wa KOHTpOJIH COCTOHHlifi P'~ryJIHpyeuoro 06'b6KTa H opraHH-

3aiJ;He:trl pa60T npH B03MO:Z:HbtX aBap~HbiX COCTORHHRX o6opy~OBaHHH. 

8. ABTOMaTH3aUHR H 0TITKMH3all;HR yapaBH6HKH ~OJIJICHa H~TH no TiyTH 

C03~aHHR CaMOHactpaHBaDlltHXCH CHCTeM ( ~~cpepeHUHaJihHRX H}IH 3KCTpe

MaJihHRX CHCT6M , HJIH B He06XO~HMOM HX coqeTaHHH). 

9. HaJIHqHe aBTOMaTHqeCKHX CHCTe~ perynHpOBaHHR npH OllTHMH-

3aUKH peJICHMOB cpmsmqecKoro 3KCnepmMeETa no3B011HT: I) BhtCB06o~HTh 

H3 3KCTIJiyaTaUHH KBaJiwpHUHpOBaHHbie Ita~a MHJ:euepoB-YCKOPHTeJiblltHitOB, 

YCHJIHR KOTOpHX KOryT 6HTh CKOHUeHtpv.pOBaHbi Ha COBepmeHCTBOBaHHH 

~eJrlCTByDiqHX CHCTeM H Ha pemHHK HOBbt>: 3a,n;aq, B03HHIW.I>II{MX nepe,n; 

ycitopmTeJihHO:trl TeXHHKO~, 2) cos~Th 6e3onacHae ycJIOBKH .n;JIH pa60Tbt 

nepcoHaJia o6cJiyEHBai)Btero Bech KOMilJIE!KC o6ecneqeHHR cpHsmqecKoro 

3KCnept.UleHTa, 3) llOBbiCMT Ha,D;elCHOCTh H YCTOJrlliHBOCTh pelCHMOB 

HCCJie,D;OBaHH:trl, 4) CHH3HT 3KCTIJiyaTaiJ;HOHHlle paCXO,Iiji, 

5) ll03BOJIHT pemaTb CJIOJB:Hble 3a,n;aqH 4Jn3Htl6CKOrO 3KCnepHMeHTa C 
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M~H~MaJI:OHOtt SaTpaTOH BpeMeHH Ha Hc~CTpO~KY H peryJilfPOBKY peltJrWOB 

o6ecnetieHm.a, tiTO np;tBe,n;eT K cy~ec~~BeHHOt1 :3ICOHOMH~ pacxo,n;a aHepr~~ 

B nponecce no,n;roTOBKH 3Kcnep~MeHTh. 

10. Ey.D;ymee yc:rtop~TeJiet1 BO MHOrOM aaB~C~T OT CTeTieHH MaTe

MaTH3ar(~H ynpaBJI€HHR. 

HacTORJJtH~ 0630p COC~:aBJI€H Ha OCHOBe MaTepHaJIOB, 

ony6JI~KOBaHHLIX sa T]>H·TIOCJI€,1T;HHX ro,n;a B OTetieCTBeH

HOkt H HHOCTpaHHOit JlUTepaType TIO 3Jl€KTpOHHO~ ~ 

yCKOPHTeJihHOti TeMaTUKe. llpOCMOTpeHO OKOJIO 90 pa60T. 

ABTOp OCTaBJISieT sa <:060~ npaBO BHeCeHJIISi ,1T;OTIOJIHHTeJih

HbiX .n;aHHLIX, TIORBHBllll'IXC.II B netiaTm sa TIOCJle)I;Hee BpeM.R, 

B cJie.n;ynme:u: OTtieTe. 

/KasaHCK~~ r.C./ 

/! 
"_" L~,A-)c.{ 1968 r • 
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