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AKTyanbHOCTb npo6neu1:,1 riporH08HpOB8HHH pa~H81U'IOHHliX none~ Ha 

YCKOPHTenHX BliCOKHX aaeprHlt IlOCTOHHHO B08pacTaeT~ OT ypOBHett H8ny-

qeHHH aaBHCHi npeJme Bcero a~opoBbe nm~ett, a TaKze ycnemaoe npoBe

~eHHe ~YH~aueHT8nbHUX Hccne~OBBHHtt, C08~8HHe H 5KCnnyaTBIU'IH cauoro 

YCKOPHTenH Hero CTOHUOCTD. 

B nocne~aee Bpeua c~enan 6onDwott war Bnepe~ B paaBHTHH ycKopH

Tenett B CCCP H 88 py6ezou. POCT aaeprHH qacTH~ H HHTeHCHBHOCTH 

nyqKOB, npHMeHeHHe CBepxnpoBO~H~HX uarHHTOB, nepcneKTHBli ycKopeHHH 

THlltenux penHTHBHCTCKHX HOHOB (BnnOTb AO ypa.Ha) - BCe 3TO obycnOBRH

BaeT 6onee llteCTKHe Tpe60B8HHH K BenHqHH8M noTepD qaCTHU H ~x npo

CTP8HCTBeHHO~BpeueHHliU pacnpe~eneHHHU. 

Onpe~eneHHe ~onycTHMUX BenHqHH IlOTepD qacTHU,B CBOD oqepe~D, 

88BHCHT OT pemeHHH PH~a HOBUX, _BeCDM8 cnoxnux aa~aq pa~Ha~HOHHOtt 

~H8HKH, nanpaBneHHliX Ha nporH08HPOBBHHe pa~HBIU'IOHHUX narpyaoK B 

aneuenTax CTPYKTYP ycKOPHTenett H nonett HanyqeHHH aa aa~ToH. 3rtt aa

AaqH HJLeDT ABe CTOPOHl,t: nepBa.JI - cpopuHpOBaHHe nepBHqnoro HCToq

HHKa - pacnpeA8R8HHSI notepSIIIHHX qaCTHU Ha BHYTP8HH8l1 IlOBepxHO CTH 

B8KYYMHOtt Kauepu; BTOP8H - B08HHKHOBeHHe BTOpHqaoro HanyqeHHH 

Bcne~cTBHe nyKnon-ueaonnoro·KacKa~a Hero nepenoc B nnoTnux cpe

~ax. 

OOM~:1:rneu¥w u;:G7'fYT I 
llJllpfJ.lX m:cJ'lf.!llOlillPRlll 

EMSJwt-"TEKA 



llCTOpHqecKlt CJIOl!G!JIOCL TaK, qTo OCHOBIW6 ycHJIHH HCCJ18'AOB8T6JleH 

6WIH Hanpannem; Ha aayqeHHe HyKJion-ueaoHHoro xacxa'Aa, HHHJ:UlHpyeuo

ro aneueHTapIW.IIH HCTQqHHK8YH li8J1yqemm ( 11 TOHKHI! Jlyq", TOqeqirui! 

H80TponHUH, IlJIOCKHI! MOHOHanpaMennul! H 'AP·), T.e. Ha pemeHHe axa

'ABMHqecKHX 38'Aaq. OneHHBaH HX B8XHOCTL C TO~H apeHHH aHanHaa ~H-

8HqecKHX nponeccoB H 88KOHOB OCJl80JI6HHH H3JlyqeHHH B CP8'A8X, HeJIL8H 

He OT.YeTHTL, qT'() T8KHe HCCJ16'AOB8HHH CTBJIH npenpamaTLCH B cauonenL. 

IloroHH aa ToqHoCTLn nuqacneHHH nepenoca HanyqeHHil B cpe'Aax He 

onpaB'A8Jl8CL npH npaKTHqeCKHX pacqeTax 88IIIHTN, T8K KaK xapaKTepHCTH

KH nepBHqnux HCToqHHKOB 6WIH HeHaBeCTHN. COCTOHHHe HHXeHepHl:,IX ue

TOAOB pacqeTa P8AH8IUIOHHUX nonen He ynyqmanocL, IlOCKOJILKY OHH He 

paccuaTpHBBJIHC» BO B88HMOCBH8H C noTepHUH qacTHn. IlapaueTpU B no

nyaunHpHqecKHX COOTHOmeHHm:, KaK npaBHJIO, onpeAeJIHJIHCL nyTeM IlOA

roHKH IlO'A axcnepHMeHTBJILIWe peayJILTBTU B KOHKpeTHl:lX reoueTpHHX 

11HCToqnHK-88IIIHT8 11, H HX 6WIO HeB08MOJl[H0 HCnOJIL80B8TL npH nporH08H

pOB8HHH nonen H8J1yqeHHH Ha npoeKTHpyeuux YCKOPHTeJIHX. B HTore oxa-

88JIOCL, qTo IlOCJle 20-neTHHX HCCJl6,l(OB8HHH no ~H8HK8 88IllHTU OT 

Hanyqennl! nucoKHX aHeprHff w He HMenH CTpororo ueTo'Aa pacqeTa no

nen H3JlyqeHHH, ocoOeHHO B cnyqMx, KOr~a peqb mna He 06 OT,li6JlbHOM HC

TOqm1Ke, Hanp1rnep llillll6H.11, a O COBOKynHOCTH .IICTOqHHKOB H3JlyqeHHJ1, aa

KJIDqeHHIDC B oOmyD 3aJl(.IITY C orpoUHOH nnoma.itLD noBepxHOCTH. 

IIoTepH 'l!8CTHn - nepnonp11qHHa B08HHKUOBBHHH pa~a!UIOHHWC nonen -

,l(O 1967 r. B006~e He HayqanHCL. ABrop ,liHCCepra,nHH nepBWo! 

oOpaTHJI BHHMaHHe Ha HCKJIDqHT6JILHYD BaJKHOCTb HCCJ16,liOBaHHH xapaKTepn

CTHK norepb H HX BJIHHHHH Ha (jJop1.mpoBaHH6 nonen H3Jl~qeHHH/2/ • 

0'AH8KO B TO Bpe.YH 6WIO WHPOKO pacnpocTpaHeHO MH8HHe, 

qro HayqenHe xapaKTepHCTHK norepb qacTH~ - 3TO ~eno yCKOPHT6JlbHOll 

TeXHHKH (.Ii1111aMHKH ,liDHli::8HHH qaCTH~) 0 
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Y~TUBBH·06~eKTHBIWe TPY'AHOCTH nporH08HpOB8HHH noTepL qaCTHn 

AJIH HOBUX ycxopHTeJlell, TOJILKO COBM6CTHb!MH ycMHHIIH cnenHaJIHCTOB no 

8811\HTe H ycxopHTeJIHM MOJKHO pernHTL, KaKHe :ate xapaKTBPHCTHIM HYlKIW 

npH pacqeTax pa.ztHa!lHOHHblX no~e~. HanpHMep, B KBKIDC cnyqaax HY:atHa 
. -qiyHKIUIH .ztHipqiepeH!Ufam;uon nnoTHOCTH n0Tep1, no aHeprHH E0 , yrnau no -H K00p.ztHH8T8M io 

-+. ➔) 
S ( E o, 'Zo ,.520 

, . C 

KOr,lia 'AOCTBTO't!HO, mmellHOit IJJIOTHOCTH ·noTepL . - ff ➔- ➔ S ('Z.0) = S(Eo, 'Zo,.s2o)dEocLS'2o 

(I) 

(2) 

H rAe MOlltHO HCilOJIL80B8TL pacnpeAe·neHHH OTKJIHKOB ;neTeKTOpOB ( KBa

:mnoTepL ) 

J) Cii) = ~JI Fi (E;i,.2)Bi.(E,ii)dEd.Sl • (3) 
\ 

.8 llb!P8l!teHHH {.S) _E,i(E, 1y _ Ol'KJIHKH ,l(ereKropa Ha H3JIY'l6HHe i.-ro 

copTa; Fi(E,i,.si) - qiyHKIUIH, xapaKTepHaYJJutaH none nanyqeaaJ1 

(CM. HHXe BupaxeHHe (4)). 
B 'AHCcepTa!UIH, COCT0Hut6'1 H8 BBeABHHH, IIHTH rnaB, 3aKJIDqeHHJ1, 

cnncKa JIHTepaTypu H Tpex npMnoxeHHit,BnepBue npoBe'AeHo CHCTeuarHqe

CKoe Hccne.ztOB8HHe xapaKTepHCTHK noTepL 'l!8CTHn KBK nepBHqnoro HCToq

HHKa B 38Aaqax nepeaoca H8JlyqeHH& H qiopuHpoBaHHH PB'AH8UHOHIWX 

nonett noxpyr ycxopnTenen nucoiiHx aHeprHil. 

Uen1> paoom - coa,IianHe HOBmc, YA06moc 'AJIH npoBe'AeHHH 

nHxeHepHIDC pactzeToB nonyaunHpHqecxHX ueTO'AOll H Konnenrmn pacqeTa 

011onornqeCKOit 3al!IHTU, a TaKl!te nporH03HPOBaHHH nonen H3Jly'l!eHHH B 

3al!IRTe H OKpy:ataDl!leM ee npocrpaHcrne. 

3 



.iillCCepTauHR npe;(Cia.BJJ8Ha Ha COP.CKrume y1rnHoi'I CieneHH ,l{OKTOpa 

I8XHHll8CKllX HayK,noc1;0JJhKY B H8l1 aKU8HIJ,1pyeIC/I BHHMa.Il.118 Ha llHlrn

H8pHO-QH3l!ll8CKOIA acneKT8 npodJJel!U 11 npecJJe.i:yeIC.lt ll8IKO BupaJKelmai; 

npaKTllll8CKa/l ueJJb.TeM He M8Hee OHa OCHOBUBaeIC/1 Ha peraeHJlll p11,na 3a

,naq, OTHOCHtnHXCH Henocpe,nCTB8HHO K 8KCnepHueHT8JlbHOil qJHSHKe H ycKO

PHTeJlbHOil TeXHnxe. 

HOBH8H8 B fil)CT8HOBKe 88A8tm.Ilocne.noB8T8JlbHOe pemeime npo6new 

saKJiroqaeTCH B onpe.neneHHH BosuymeHHtt B ycxopHTene, pacqeTe Tpaex

TOpHtt ,llBHlltelilfH BU6UBWHX HS ny~a qacTnn H ,l{aJJhHeameM BlillllCJJSHHH 

nepeHoca BTOpHqHUX qacTHU B 88UUfT8 H BOS,llyillHOil cpe,ne. Ilo-BH,nHUOMY, 

T8KOe pemeHHe npHHUHfiH8JlbHO BOSUOXHO TOJibKO MeTo,nou CT8THCTHqecKHx 

HCilliT8 lilfil. 

~YHKUUH (I) HeCeT Heo6xo.nHuyro H .nocT8TOqHyro HHqJOpMaUHID ,l{JJH 

p8ClleTOB fiOJIH H81IYll8HHH: 

Fi (E ,i,.n) = l, [ff Si (Ea,~o,lio) Mij (E 1 Eo,i,"io,.si.Io)dEod..nod.°i , t 4) 

r.ne M-i:.j ( ••• ) - qiyHKUUH I'pHHa sa.natm, B!llll'!CJieHHHe ,nJJH "ToHxoro ny-

11a"; j - copT BTOPHlllWX 11acTHU p , n. , TL • • • • B Taxon nocTaHoB

Ke npo6neuy H83Ih3H pemHTb B HBCTOHl!lee BpeMH. Bo-nepllblJC, 4JYHKUUH 

BH,!{8 (I) He uoryT 6liTb sapaHee B!lllHCJieHbl cnenHaJIHCTBMH no ,nHHBMHKe 

,l{BHlltelll'IH qacTHU. Bo-BTOp!lX, pac11eT 4JYHKmttt rpnHa ,nJJH paSJ!HllHWC cop

TOB qacTHU, Ha6opa SHeprntt H yrJIOB fi0Tpe60B83I 6u qiaHTBCTHqecKIDC 

88TpaT BpeMeHH Ha 6UCTpo.nettcTBYDtnHX SBM (~ ro5 + 106 qacoB ). 

ABTOPOM ,llHCCepTamtH npe.nnoxeHO ,nBa pa8JIHqHliX ueTo,n.11qeCKHX 

no,nxo,na. 

I. ITpn onpe,neJiemrn pa:zuiiamtomwx Harpysox B MeMeHTax CTPYKTYP 

YCKOPHTeJiett Heo6XO,llHU!l npocTpaHCTBeHHO-sHepreTHllecxne pacnpe,neJISHHH 
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BTOPHIIHWC qaCTHn, ,IIJJ.lt 11ero HY]tHO HallTH ,IIHqxlJepeHUlia.JlhHYD IlJIOTHOCTb 

norepb (I) H npoBeCIH ,118.JlhH8ltlliHe pac11ew MSIO,IIOM MOHie-J(apJJo. 

2. B CJiyqa8 nporH08HpOB8lll'IH 11JlrHOB8HHoro" IlOJIH HSJiyqeHHH sa 

88mHTOit 8,nHHCTB8HHUtt,nyTb - STO o6xo~ BliqHCJISHHH npocTpaHCTBeHH0-

8H8pr8THll8CKOro pacnp8]J;83!8HHH B cauHX uarHHTIWX crpyKTypax·;npn 3TOM 

JIOllHO HCil03Ih80B8Tb_HHT8rpaJihlil:!8 xapaKT8pHCTHKH noreph (2) HJIH (3) 

H npocru8 noJiyaMnHpzqecm,18 M8TO.nH pacqera saUIHTli. 

BTopoe YTB8pllt,1l8HH8 OCHOB!lB88TCH Ha pH,n8 ]J;OCTOBepHUX qJH8Hlle

CKHX qiaKTOB H 88KOHOU8pHOCTett qiop11.11pOB8lilfH noJiett HSJiyqeHHH B sa111H

T8. 0HH np08Ha3IH8HpOB8lW B paHHHX pa60T8X C yqacTHeU 8BTOpa, 0606-

1!18HHWC B uoHorprupnH/I/, H3JJOllteHu B .nncceprauHH (rnaBa I) n KparKo . ' 

Cq>OpMyJJHpOBa.Iili HHllt8: ' 

a) BC:3!8]J;CTBH8 HHBapHaHTHOCTH nonepe1rnoro HUilYJihCa C pocrou 

HMfiYJihCB ycxopeHHoro npOTOHa d.2N ( E ,e-3i/2)/dEdS2. fiOIITH alp. 
H8 saBHcn or E0 B ,n11anasoH8 I -t 2000 raH; 

6) HettTpOH!l BHOCHT OCHOBHOtt BKJIB]J; B 8KBHB8JI8HTHyID .nosy 88 60-

KOBOtt 88tnHT0'1 ( 6 ~ 3i / 2 ) no cpaBH8HHll C aapHJKeHIWUH ll8CTHU811H 1J 

111>- M880H&MH npH . E0 BllJlon .no 2000 raB; 

B) npH IOJIIJlHHB 38lIIHTll,PaBHOlt ,IIBj'M~TpeM ,IIJIHHaM CBOdO,IIHOro npot1era 

H811TpOHOB,YCTaHa~JIHBaeTC/I paBHOBeCHJ,ilt cneKrp,qiopMa KOTOporo CJJadO 3a

BHCHT OT .. :rOJll!IHHll X 'COCTaBa uarepHaJIOB (KpoMe co.nepllta.l!IHX BO,nopo,I1)' a 

MaKCHMaJibHWl ~HeprHH cneKTpa·He npeBumaeT 500+600 M3B npH JIDdliX 

E0 ~ I rsB; 

r) ·6qxoBaH aall!HTa ( 8 ~ TL / 2 ) cocTaBJIHeT no 001,euy 6o

JI88 90'i'i OT BCeH 88m.llffl ycxopHTeJibHliX KOMllJ18KCOB H onpe,neJIHeT pa

;ztHSUHOHH08 IlOJI8. 

C ,Ylll.iTOM BUm8H8JIOJt8HHOrO JIOlltHO 88fiHC8Tb! 
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F n ( E ,ii,~)~ s (~) "* (Eo)Mn ( E,i,n) ' (5) 

r.i:te ~idEo) - tJHCJIO HeyrrpyrHX B38HMO.i:tettCTBHtt Ha 0.ltHY ITOTepHHHY~ 

tJ8CTHI\,Y; 
"' ... .... ci2N , ....... , ....... , I ... , :...., 

Mn ( E, 7.,.st)~ J ff aE'dst Mn (E, E 1 'Z. 1 7, ,.n,.n )ciEd.std.'1.. (6) 

0,ltH8KO H nocne yrrpo~eHHH (4) ~YHKlUIH (6) OITHTb TPY.ltHO BHtJHCJIHTb B 

CJIOEHHX reOM6TPHHX H rrpH HepaBHovepHl:lX ITO 83HMYTY ITOTepax. 

Jhrnei!HYD IIJIOTHOCTb noTep:r, qacTHU S · ( 2 ) , r.i:te l - aam,y

TBJibllBH KOOp,ltHH8T8, Y.nOC>HO CtUITaTb pa.DHOMepHO pacnpe,neneHHOil Ha. He

KOTOpOM ytJaCTK6 A 2i. He odpa~aH ITOKa BHHMaHHe HB ee pacnpe,neJie

HH6 BHe rrpe.i:teJIOB yqaCTKB ( PHC. I}. 8TB H,nea HBJIHeTCH KJil)t{QM K 

peweIIBD Been npodJieMH :Bo-rrepBHx,oua. IT03BOJIH0T H,neHTH~lllUIPOBaTh pac

rrpe,neJieHHe ITOTepb no OTKJIHK8M BTOplNHOro H8JiytJeIIBH H 3H8tJHTeJibHO 

COKpa~aeT BpeMH 8BM npH pactJeTax caMHX noTepb ( rnaBa TI) ;Bo-Bro-

pux, ynpomaeT HHTepnpeTaUHD 8KCnepHMeHT8JlbHHX pesyJibT8TOB ( rJia

BH ill, IY ); B-Tp0TbHX, .i:taeT BO8MOXHOCTb paspa60T8Tb YHHBepcaJI»HHtt 

MeTO~ pactJeTa samHTH H ITOJiei! pacceHHHOro HSJiytJeHHH ( rJiaBa y ). 

ABTOpOM BnepBlie npe.llJlOXeHa OpHrHH8JlbH8H reoueTpHtJec~aH H,neaJIH-

381Ulfl samHTU JID6ott KOH~HrypalUIH ( PHC. I) C ueibD 88M8Hli Tpexvep

HOH aa~atJH { PH_C. 2a) O,ltHOMepHott ( pHc.26). CJie,ltOBaTeJibHO, npe.i:tno~ 

naraeTcH, tJTo: 

JAMn(EJ,Ji)d.:s! ;.t fri(E,~,;)d_µ 
➔ 

npu 'Z = x ('/) 

r,ne f 11 ( E 1 x, i) - pemeHHe ypaBH8HHH nepeHoca ,ltJIH IIJIOCKoro MOHO

HanpaBJieHHOro HCTOtJHHK8 HB rpaHHU8 IIJIOCKOtt 38IJIHTH { PRC. 26); 

,}( - xocHHyc yrJia, OTCtJHTHBaeuoro or HopuaJIH K d.S MeMeHTa aa111H

m { pHc. I) • 

IlpH HepaBHOMepmix ITOT6pHX ( pnc.2B) B03MOlltHO H3MeHeHHe 

7 



a6COJIIDTHhlX BeJll!QllH llJIOTHOCTll llOTOKOB HettTPOHOB B OKpecTHOCTll TOQKH 

"A" H llCKaliteHHe (pOpMl:l cneKTPOB aa CQeT 11llO]l!Il!TKll 11 Bl,ICOK08HepreT11-

qecKl!Mll HettTpOHaMH C coce,l!Hl!X yqacTKOB l::,. t./i-1 B-C116,l!CTBH8 aHH-
i+-f 

30TPOllllll ( p11c. 2a). IT03TOMY cpaay He oqeBH,l!Ha 3KBHBaneHTHOCTb 

cneKTpaJlbHl,IX MOTHOCTen llOTOKOB B Bl:lpaliteHl!H (7), QTO HBJIHeTCH O,ll

Hl!M 113 OCHOBHl:lX npe;!!MeTOB HCCJle,l!OBaHHtt B ,lll!CcepTaUHH. TaKHM o6pa-

30M, H0Bll3lla B nocTaHOBKe aa,llaqff aaKnroqaeTCH B CHCreMHO-'KOMOJleKCHOM 

00)].XO)J.e K nepeHocy 1,1311yqeHHH H aHBJlll3Y pacnpe,lleneHHH noTepb Ha 

Bcex 3Tanax pa60Tl:l UHKnHQeCKHX YCKOP~Texen: HHllteKUHH, ycKopeHH8, 

Bl:lBO,ll nyqKa, TpaHcnopTHPOBKa ll T.n. HH B KaKHX ;!!pyrHX pa6oTaX ara 

38,I(aqa TaKHM oapa3oM He craBtt11acb H He perua11acb. 

PeaynbTaTu, KoTopue Bl:lHOCHTCH Ha 3allU'ITY 

l. CocTaMeHa KnQCCH(pHKQIUfH noTepb qaCTHU, cy~eCTBeHHO 0611er

qaromaH llOHllMQHHe HX ponH B npo6neue nporH03HpOBaHHH pa,l!HalUfOHHOtt 

o6cTaHOBKll Ha YCKOpl!Tenax. 

2. Paapa6oraH ueTo,ll pacqeTa noTepb nocne B-aa11Mo;!!ettcTBHH 

nyqKa C BHYTP8HHllMH Mlllli8HHMH H Bl:lBO,l!Hl,IMH uarHHTaMH, -060CHOBaHH1,1ll 

pe3y11brarau11 :rncnepuueHra Ha CHHxpoqia30,:poHe omrn. 
3. C1.10.nen11poBaH QHCJl8HHO 3KCnepHM8HT ( M8TO,l!OY MoHTe-Kapxo ), 

00,l!TBeplit,llaIDmHtl TIOJl0lit8HH8 aBTopa, qTo B pacqeTaX nonen H3JIYQ8HHH sa 

aamnron MOlitHO HCll01lb30BaTb JIHH8liH!,1e MOTHOCTH llOT8pb (2) HJIH KBa3H

TIOT8Pb (3) BMeCTO qiyHKUHH l!H,lla (I). 

4. 11pOB8;!!8Hl,I 3KCnepHM8HTl:l no paa,neneHHll TIOT8Pb 'tlaCTHU B npo

uecce ycKopeHHH H npH Bl:lBO,lle C nouombro_ cneUl,!allbHO C03,ll8HHOtt TIO;!! 

pyKOBO)J.CTBOM ll npn ttenocpe)J.CTB8HHOM yqaCTllll aBropa CHCT8W KOHTPOJIH 

norepb 4acn1u. 

8 

5. Jlpe)J.JIOllC8H npeIU13llOHHl,lil cnocoa ll3MepeHl!H 3qxpeKTJWHOCTll BllBO)J./1 

nyqKa 113 ycxopnrenen (norpemHocn ueHbme .:!:o, 5%). 

6. Paapa6oTaH yHHBepcanbHl:lli ueTOA pacqeTa aamHTl:l n nonett pac

ceHHHoro HanyqeHllH B ,llllanaaoHe nep~qHl,IX qaCTllU OT l AO 2000 raB, 

anpo6npob~HHl:lli cepnen H3MepeHHli TIOJIH H311YQ8HHH BOKpyr CHHXpO(pQ30-

TPOHa. 

Bee 6ea llCKJIIDQeHHH no~yqeHHl,le peaynbT8Tl:l HBJIHIDTCH HOBl:lMH ll He 

HM8IDT ony611HKOB8HHl:lX aHanoroB HH B OTeQeCTBeHHllX, Hll B aapy6elitHl:lX 

pa6oTax. 

ITpaKTHQ8CKaH 3HaqHMOCTb pa60Tl:l. Upe,ll110llt8HHl,l8 aBTopoM M8TO,llli 

pacqeTOB aamHTl:l· H nporH03HpoBaHHH llOJIH pacceHHHOro H3Jlyqel!Hfl C 

yqeTOM noTepb qacTHU ( npH110lit8HH8 l) HCil0Jln3YIDTCH npoeKTllpOBmR

KaMH. 

Cnoco6- ll3MepeHHH :iqxpeKTllBHOCTH Bl:lBO;na nyQKOB ·Ha YCKOPHTenetl 

BHe,npeH B 1975 ro,ny Ha Cllf!XJ)Oqia30TpOHe 0.VJUl*). Hnrurnpyerc.11**) ero llC

TIOnb30BaTb B UEPHe (illBenuapna) Ha cuHxpo~a3orpoHe JOO I'3B. B EaraBHll 

(Cl1JA) aHanornqHl:lM cnocoaou ll3Uepetta 3c!4JeKTHBHOCTb Bl.lBO,na ny'lRa H3 

cnHxpoqia3orpoHa Ha 500 raB, o,nHaKO npttopnrer B pa3pa6orKe cnoco6a 

1,13uepeH11a nP11Ha.nneJ1C11r cccp/111. 

Eme .B 1969-1970 r.r. B ABYX pa6oTax aBTOpa 13•41 TIOK636HO,QTO 

JlOK6JlnHNe 38mHTl:l HM8IDT 3Ha4HTeJlbH08 aKOHOMHQ8CK08 npeHMy~eCTBO 

nepe,n rnoCiannliott aamnTofl, KOTopyD paHnwe Ciwm BblHyJt,nem,r Aenan H3-

• aa ·oTCYTC-TBllH ,l!OCTOBeplll,IX ;naHHl,IX oCi aanMyTallnHOII pacnpe;!!e118HHH no-

Tepn. 

/IO III 
!t) COBMeCTHO C li.E.licOH_HCKlUJ t • 

""')Tlre JOO GeV Programme (Appendix). CE1nl - Service d 'Informat.ton 
scientifique ~~~o-4r0J, TD75. 
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Upn RCilOJIL30Ba.HRH 3KCnepmteHTa]ILH11X H pacqeTHl,IX pe3yJIL

TaTOB ll BUBO,llOB ,nncceptamm aBTOpOM peweau HeKOTopue l!Hlll:e

Hepaue Bonpocu ( npHJIOllteHHe II). B qaCTHOCTH' HayllHO OClOCHOBa.Ha 

3aMeHa rJioClaJILHOil 3antHTli CHHXP04)a30Tpoaa Ha JIOKaJILHYD 121. 

TaIDiM o6pa30M, xpoue Hayqaott 3H8llHMOCTll pa6oTa l!MeeT H8M8J10-

B8lKH08 Hapo,llHOX08HilCTB8HHOe 3H8ll8HH8 {c yqeTOM nepcneKTHB npoeKTH

poBalillH HOBUX yCKOpHTeJiel1). 

CTPYKTypa, BHyTp8HHee 8,lll!HCTBO ,lll!CCepTaIUlll HJIJIIDCTpHpyeTCH 

pHc.J.IIpoClJieMa nporH03HPOBaHHR noneil H3JiyqeHHR pa3.n;eneHa Ha qernpe 

JIOrHlleCKll CBR3a.HHU8 3a,n;aqn. 

I. llpeJK.n;e BCero Bal!CHO CiUJIO BURCHRTL .n;Ba Bonpoca: 

a)Heoelxo.n;nua JIH B pacqeTax 3aIIIHTU HOBHX ycKop11TeJiei1 

)(HqxpepeHmtaJILHUll IlJIOTHOCTL Il0T8pb (I) llJIH ,llOCTaTOtlHO HHTe

rpaJILHOtt xapaxTepHCTllKll (2); 

Cl) He 3HaH BOOClll(e DOT8pL, MOlKHO JIH B pacqeTax HCilOJIL-

30BaTb ll3Mepeaaue KBa3HilOTepH (J) , eCJIH ycKOplfT8Jlb MO)(ep

li}l3l1pyeTCll? 

AJ!ll BllllC1!8HHll 3THX ·BOilpOCOB ClUJI llHCJ18HHO CM0)(8JIHpOBa.H 

:JKcnepm.1eHT 141_ B BUClpaHHOil reoMeTpHH ( puc. 4 ) 3a,ItaBaJillCL 

flp0H3BOJII,Hlle IlJIOil!OCTH n0Tep1, npH pa3JillqHUX yrnax BXO,lla 

npOT-OHOB o( . ~1aTeM M8TO,llOM :JOHTe-KapJio BlillH~JillJIOCL pacnpe-

r,eJ1eH11e 1rna3nn0Tep1, TaK, K11K 8CJlll Clu OHO OUJIO H3MepeHo 

B 3KCUepnMeHT8. 
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IT0Tep1111 KBa3nnoTep11, a TafOB:e ml!HcneHHhle no HHM pacnpe;ztene

HHH ll1I0TH0CTett ll0TOK0B H6ttTp0HOB 38 381!111T0tt cpaBHHB81IHCI, Jl6llt,1l,Y co-

6ott. YcTaH0BJieHo, qTQ Y0XH0 HCll01II,30B8TI, B xaqecTB6 RCT0lIHHKa Hsny

qeHHH 1IHHettHyD llJI0TH0CTI, noTepb H1Il1 KBa3Hll0TepI, ( KB83l1ll0TepH H0p-

1mpyIOTCH Ha non Hoe 1Uicno noTepHHHhlX npoT0H0B: L = J D ( 2) d 2 ). 

Ilp11 3T0M pasn11qne B 3r11ax d.. OTO ].t0 5° H HepaBH0M6pH0CTI, IlOT8pI, 

B npe;zteJiaX yqaCTX0B /j, 2i He CKl33hlBaIOTCH Ha K0H8t!HhlX pe3ynuaTaX. 

Ha pnc. 5 II0Ka3aH 0J{HH 113 p83Y1IIiTaTOB pactieTa. 

II. Kor;zta YCK0pHTeJIH pa60Tan11 T01II,KQ B pel!tl11l6 C BHyTpemiHJIH 

MHW8HHlll1, KB83l1ll0T8Pl1 M0lKH0 6hl1IO nonytiHTb C llOMQIJlI,D HHTerpaniiHHX, 
• - ~ ,; 

nanpm1ep aKTHBBUH0HHhlX ].teTeKTopoB. B BT0M cnyqae L. = Io , r:zte Io -
nonHaH HHT8HCHBH0CTI, n3qxa. O;ztHBKO paspa60TK8 CHCT6M 6hlCTporo H 

M8].tn6HH0ro BhlBO].tOB n,yqxa n0Tpe60Ba11a 8H81IH38 llOT8pI, BO BP8M8HH. 

B 3KCIIepHM6HTe, C0CTaBJIHIOIJl6JI OCH0BY ].tHCC8PT8UHH, BII6pBhle no

JiytieHhl KB83HII0T8PH pa3~61II,H0 B npottecce YCT0ttlil'IB0rO ycxopeHHH H 

np11 cCipoce nytixa Ha cenTyM qiopuarm1Ta / 5/. 3Ta aa:ztaqa pewaJiacii B 

TetieHHe 4 116T. Pe3y11IiT8Thl OII,Y6JIHKOBaHhl B pa6oTax / 6-9/ . 

CHCT6M8 K0HTP01IH II0T6pI, qacTHlt , C0CTOHIJlBJ! 1{3 20- CUHH-

THJ11IflUHOHHhlX :ztaTllHK0B, CO CB~T0B0].t8Ml1 ].tnHH0tt !80 CJI H ~SY-36 

pa6oTana T~K, t!T0 MOSHO 6hlJIO per11cTpl1p0B8TI, BTOpnqHhle 38PHX8HHhl6 

tiaCTHlthl Ha pa31111qH1,1X 83HMYT8X BO BpeMeHHhlX HHT6pBa11ax OT IO ;l!0 

300 MCeK B TetieHHe I.tHKJia YCK0p8HHH. Ha rpaqiHKaX ( pnc.6) IIOK838Hhl 

saBHCHM0CTH cqeTa l!HCJ18 ~MnyniiC0B OT BpeueHH t . IlHKH B K0Htte ltHK

Jia ycxope1111H(MHT6JII,H0CTD IUlKJia ..., 3 ceK) Bhl3B8Hhl. 6CT8CTB6HHhlll -

CCipocoJI II,Yt!Ka HB CeIITYJI qiopuarHlfTa. IlHKH B ].tpyrue M.OMeHThl BP6M6HH 

OCi,YC,10BJl81lhl HCKYCCTB8HH0 C03,ll81!HblMH HBMH noTepHMH, 'lT06bl Bimon

HHTb 3Heprernqecxyn rpa,n;ynpOBKy CHCTeMbl. 
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B UHKnHqecKHx YCKOPHTenax lill!lYRl>C ( SHeprHH) qacTHU OAH0-

3Haqno CBH38H co Bpe!.leHelJ t , Il08T0UY Ha6mOA88TCH 38KOHOUepIWll 

poCT N ( t) 38. cqeT UHOlK8CTBeHHOro o6pasoBaIIBH BTOpHqHWC qacTIUt. 

CornaCHO T80pHH 

Kone6aHHH KaK 

saTyxaHtte aMfIJIHTYA 6eTa~pOHHblX H CllHXpoTpOHHhlX 
-i/2 -i/z -i/z c B0 ~ P0 ~ Eo (npH ~0> I raB) ~onxao 

IlPHBO~HTb K yMeHbW6HHIO norepb C yBenttqeHtteM BpeueHH ycKopeHHH. 

JleitcTBHTenI>HO, nocne anepreTttqecKoll rpaAJlfpOBKlf cttcTe11!:l 6um1 

nonyqeHl:l TaKHe aaBHCHUOCTli AnH Bcex AaT'llliKOB ( pttc. 7 ). Ila cyme

CTBY, OHlf npeACTaBRRIOT co6ol! 3HepreTuqecKHe "cneKTpl:l11 noTepRHHl:lX 

npoTOHOB ( qacTHI1/ raB.cu2), BnepBl:le usuepeHHl:le Ha ycKop11Tenax. 

IlyTeu cooTBeTcnyIOmett o6pa6oTKH aTHX "cneKTpoB" nonyqeHl:l nuaeltIWe 

MOTHOCTH noTepI>, IlOKa3aHHl:l8 Ha puc.8. 

AHaRH3 aauuyTaJil>HOro pacnpeAeH8HliH noTepl> Ha CHHXPO~aaoTpOHe 

Il03BORHn paspa6oTaTI> npHH~nHanI>HO HOBl:ll! cnoco6 HauepeHHR 5q)ql8K

THBHOCTH Bl:lBOAa /IO,II/, C TQqKJ,! speIIBH ~H3HKH aamHTl:l, OHa IlOK831:l

BaeT, KaKOBhl HCTQqHHKH HsnyqeHHR B sane YCKOpHTenH li B SKCnepnueH-
, 

TanbHOM sane, KyAa Bl:lBO)tlfTCR nyqoK'( PHC. I}. BenHqHHa <$I)eKTHB-

HOCTH BllBOAa H806XOAHMa WIH HOpMHpOBKH OTHOCHT8Rl>HliX ~YHKUHll nu

HeMnon IlnOTHOCTH noTepb: 

So ( 2) =Io [ (~ -rz.abi&/Srn (Z)+ X Sc(c)] ' (8) 

rAe q BllB - 8\l)q)8KTHBHOCTI> B1'BO'A8; tl~1 ! 0- HHTeHCHBHOCTI>; °X" Z} -

OTHOWeHHe BenH~H nonlilil noTepb qacTHU B npouecce YCKOP8HHH K llPH 

c6poce Ha Ml1W8Hl> { npll BUBO'A6 ). 

CyTI> cnoco6a usuepeIIBH aaKnroqaeTcH B cneAJ~mew. no onpe-

AeneHHIO ajl(peKTllBHOCTl> 6CTI, 0THOW8HHe 11HT6HCHBHOCTel! .m.lB8A8HHOro 

H UHpKynHpyn~ero nyqKa: 
I& 

llBbl& " Io (9) 

14 

' 
r 

10' 

,oo 

~ 
~ 
~ ., 10-1 .,. 
~ 
~ .. 
i:l l0-2 

g .. 
0 

I~{ I 4 8 f2. 16 20 24 28 ·32 36 40 44 48 51 

'111c.no Y'l!ICTKOll {A Z = 4: M ) 
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(JlaaorpoHa: I- cyuuapuoe 5 0 (2} '"'Li. -1rnuepeHo auyucHHMH K-20; 
2 - B. KOHUe UHKna ycKopeHHH Sm(2) Q, ♦ -1rnuepeHo cncTe110!a Kllq co
OTB8TCTB8HHO 6e3 nepexBaT'llllKa H C nepeXB8TqJ,!KOII BTOpHqHl:lX qaCTHU, 
3 - B npouecce ycTottq1rnoro ymcopeHHH Sc (Z) ,,__ - HaMepeHO CHCTe
MOtt Kfll.l (II ,llaTqHKallH ) ~ -·TO lite 2? 'A8TqJ,!K8MH; 
3 1 - 11pe.i:111onaraewoe pam1011ep110e pacnpeAeneHHe Se( 2} ( 1rnTerpa
nu no Z qiyHKlUlll 3 li 31 paBHll); x) - TQqKif C-B!I3H qiyHKlUlll pacnpeAe-

neHH!I. 
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IJoJKHo samrnaTI>, 'IITo Is=I 0 -L, wrn 1?,8blS =1-t • (IO) 

ITOCKOJII>KY L - Ns "'Jns{2)d.z. (c BhIBOJ!OM), (II) -

I 0 - Nss = f Dse.(2)d.2 ( 6es nuBoJla ) , (I2) 

TO s~~eKTHBHOCTI, Bb!BOJ!a MOXHO onpe.7!eJIHTI, no-wpaxeHHIO 

>z 1 -Ns 
Bbl& = - N68 ' (I3) 

ITpOBOJ!H OTHOCHTeJII,Hble, a He a6COJIIOTHble,KaK STO .7leJiaJIOCI, paHI>me,H3-

1.1epeHHH Ns/Nse. ( uanoil BeJIHtruHbl ) c norpemHocTI>IO 10-15%. 3~ 

qieKTHBHOCTJ, BblBOJ!a nonyqaeTCH C norpemHOCTJ,JO HeCKOJll>KO .ll8CHTblX 

npoueHTa. OTHOCHTeJII,Hhle H3MepeHHH OJ!HHMH H TeMH xe JlaT'IIHKaMH ycT

paHRIOT HaH6onee cymecTBeHHble CHCTeMaTH'lleCKH8 OillH6KH. 8qlqleKTHBHOCTI, 

ue.zvre1rnoro BblBOJla ny'IIKa H3 cHrucpoqiasoTpoHa 6uJia Hs1.1epeHa c norpem

HOCTI>IO ± 0,5%, 

ill • .llJIH noHHMaHHH pOJIH n0Tep1, B qiopMHPOBaHHH,Pa.llHaltHOHHblX no

neil 6blJia npoBe.I(eHa KJiaCCHqJHKa1{HH n0Tep1, H YKa.3aHbl HM6IJlllHBCSI Me

TOJ!U IIX pacqera. K COlitaJiemm, npHmJIOCI, KOHCTa THPOBaT:&, 'IITO cne-

101anHCTbl no YCKOpHTeJIHM He rOTOBbl Bbl'IIHCJIHTI, JlaEe JIHHeilHyIO nJIOT

HOCTJ, n0Tep1, {2), He roBOpH yxe o J!HqiqlepeH1{HaJII>HOil IIJIOTHOCTH no

Tep1, (I). Mbi paspa6oTaJIH M6TOJl pac'lleTa, norep1, 'llaCTHU { B KOHUe UH-
. Emax .. _ 

KJia ycKopeHHH npH o ) , KOTOpble B ua,ICiOJII>meil CTeneHH OTBeT-

CTBeHJJh[ aa q>OpMHp□ BaHHe paJ!HaUHOHIIOro noJIH Ha YCKOpHTeJIHX/I3/. 

CyTI, MeTO.lla aaKJIIO'llaeTCH .B CJ1e.7ly10me1.1. Ha npOH3BOJII>HYIO immeHJ, 

t cenry1.1 ) na.llaJrn nporoHhl c panHonecm,1u mmym,cou P0 • Pacr1pe.7!ene

mrn BTOpH'IIHblX aapHllteHHblX qacTHU, Bb!JleTaIOll{HX C non_epxHOCTH l.!HWeHH, 

Bh!'lllCJISI,,OCI, MBTOJ!OM Moare-KapJio.)Ianee,c HCilOJII,30BaHHBM ypaBHeHHH J!BH• 

meHHH 'llaCTHU B peaJII>HOI.I MarHHTHOM none H C yqeTOM B03MY!JlBHHil no 

paapaooraHHoil B JIB9 nporpauue FORM Bbl'lHCJIHJI.CH aam,y:r CTOJIKHO

BCRHH 'llaCTHUbl co CT6HKOM xauepu H yrnu ee BXOJ!a«r,DC..~. 
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Pnc. 9a. reoveTpHH pac'lleToB: al cxeua Kauepu cHHxpo
qiaaoTpoaa; 6/ paauepu cenTyva H BXOJ!Hble napaueTpbl. 
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PHc.96. Pacnpe)leJleHH8 noTepL npoTOHOB no nepHM8TPY 
CHHXpoqiaaoTpOHa: I- no Rapyuon CT8HKe; 2- no BH3T
peHHeff CTiHKe; 3- no B8PXH8il + HHXHeff CT8HK8j 4-cyu-
uapHoe; - H3MepeHHH Knq no BHYTP8HHeff CT8HK8, 
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PHc.IOa. Pacnpe.zteneHH8 DOT8PL npoTOHOB no nep~ueTpy 
CHHXp0~830TPOH8 ;!lJIH paan1qmx IHTepBanOB H»nynbCOB,raB/c. 
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PHc.!06. Ycpe.ztHeHHOe pacnpe.zteneH1e yriroB BXO.zte npoTOHOB 
B H8PYXH3D CT8HKY Kru.tepu:a¾r - COOTB8TCTB8HHO I~r, KB8-
.ztP8HTH CHHXPO!llaao~poaa; I -clr , 2 - <:I.. J. • 
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BnepBHe nonyqeHH npocTpaHCTB8HHH8 ( puc.9 ), 8HepreTuqeCKH8 H 

yrnoBHe ( pHc.IO) pacnpe.zteneHH.H norepb, uuenmue 6onbmoe 

3HaqeHH8 ,ll1f.H ,llaJlbH8HWMX HCCX8)l0BaHH8 µl,llHB~OHHHX HarpyaoK 

Ha 81f8M8HTH CTPYKTYP ycKOpHTenett. Ha puc.9 npoBe.zt8HO CpaBH8HHe BH

qucneHHHX noTepb H HaMepeHHHX KBaaunoTepb MH CHHXpo~aoTpoHa, no

aBonHBwee HBM c.ztenaTb B8CbMB BBlKHOe aaIOIIDqeHHe, qTo S{Z)/D(ZJ "= 

~ con~ 

IY. PerneHHe nocne.ztHe.tt aa.ztaqu - o6ocHoBrurne BoaMOJKHOCTH pacqeTa 

a6C01fDTHIDC 3HaqeHHtt MOmHOCTH 3KBHB81f8HTHHX ,ll03 C HCil01fb80B8HH8M 

I'HilOT83H (7) - .HBnirercir KOHeqHoB }l8Jll,D )laHHOB .ztHCCeprarurn. 

Mil npoBeJllf cepun npoBepoqHl:lX pacqeTOB BBIJIHTH npH paanuqHux 

napaMeTpax E 0 , Lq, , 1:. ti , ::c , Ro , a ( cM.p,fC.I, 2). 

Pacnpe.zteneHHH d2N/d.Ed.n. .ztnH a.ztpoHo:a Ha pa6oT paaHHX aBTopoB 

rrpe.ztB8PHT81fbHO cpaBHHB81fHCb M8lK.ztY co6ott. IlyTeM 8H81fl188 nonyqeHHh!X 

peaynbTSTOB H cpaBHeHHH HX C .ztBHIWMH axcnepHM8HTOB Y.ztSJIOCb IlO,ll

TB8p.ztHTb 8KBHB81f8HTHOCTb 88.ztaq "a" H "611, IlOK838HHHX HS j)l!C. 2. 

IlpHB8,ll8M !llOPMY1fH,Y.zt061We MH npaKTHqeCKl!X pacqeTOB 38U(l1TH, 

H8 p860TH /l4/: 

a) MH npoTOHHHX YCKOPHTenett 

D,11 (~) = ?.~0-1 a.-Et· ~aon 
Ot (14) 

6) ,ll1fH 31f8KTPOHHHX YCKOPHTenett 

-4 a-C..&·Daon 
],(x) ~0:4.~o L.

0
, ln(5fo) (IS) 

r,lle D AOil.- npe.ztenbHO .ztonycTHMaH uomHocTb .ztoau Ha HaPYEHOff noBepx

HOCTH ciS IUiJillH.l!PHqecxorci aiie11eHTa 88i!UITLT, .uciap/qac; 

L0;_ = ➔h (L.i+Lt- ◄) , raB/c11,- noTepH B cooTBeTcTBHH c pHc. 2r.; 

e.} H c p npu O!leHxax MOJtHo npuHHTb pa:BH&MH I. 
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IIo suat1erumu _ D(:x:.) c no1101I1I>11 Ho.uorpawu ( p11c~II ) onpe.zteJifl

eTcH TOJil!Uma sa11tHTfl X. Jt]Ifl Kallt,1loro 8Jl8Y8HTa I a BaTeM H3 3Jl81J8HTOB 

C .ztaHHHMH ~ MOXeT 6HT» CKOMilOHOBaHa sa11tHTa JIDC5oro ycKOpHT8JIDHOro 

KOMilJI8Kca, KaK,HanpHuep, IlOKa3aHo Ha pHC. I. H3-3a HCKJiil'llHTeJI»HOH 

npoCTOTH pact1eTa ( XOTfl 'IIHCJIO ane11eHTOB Bal!IHTfl MOX8T .ztOCTHraT» 

H8CKOJIDK0 COTeH HJIH .ztaxe TflCflq) npoeKTHPOBll!HKH Tenep» MoryT pac

CIJOTp8Th IJHOXeCTBO napnaHTOB C neJIDfil .ztOCTHJKeHllfl OilTHMaJibHOro 

B T8XHH'll8CKOM H 3KOHOMH'll8CKOM OTHOW8HHax. 

CTeneH» o6oCHOBaHHOCTH pe3YJI»TaTOB. ITO-BH.ztHMOMY, H8T Heo6xo

.ztHMOCTH B.zt8Ch o60CHOBflBa~» BC8 IlOJiyqeHHfl8 peayJIDTaTu. IIorpewHOCTH 

pacqeTHWC H 3KCll8PHM6HTaJI»IWX B8JIH'IIHH yxaaaHH B .ztHCcepTalU{H. 

BaEHo noxasaTD, KaK ;ll!IHHHe -Hamme pact1eToB corJiacynrcs c pac

t1eTaMH .ztpyrnx SBTOpOB, a rnaBH08~ C H3MepeHHHIIH pa}Ul8IUIOHHli1X nonen 

BOKpyr .ztellCTBYD11tero ycKOPHT6Jifl, HM8D11t8ro peaJI»lW6 norepx qacTHU H 

CJIOXHYD reoueTpHD aal!IHTN. 

ITpruie.zteHHUe B TaOn11ne114/ B8JlH'llHHU TOJlll!HH 3all!HTB Ha OT.zt8JlbHUX 

y,1acrttax KOnbna paanHqHux ycKopnrenen,BmHcneHHHe HaMn,xopomo corna

cy11rca C peaynb?a?a.uM pacqeTOB, Bflll0JIB8HHHX ~pyrmtH aB?Op8.MH. 

Ha PHC. 12 fiOK8BaHO npocTpaHCTB8HH08 pacnpe.zteJieHH8 llJIO'l'BOCTH 

llOTOKOB HettTpOHOB OT O,I ~o I4 MaB, B OCHOllHOM onpe~eJIBDll!HX 8KBH

B8JI6HTHYE ~oay. BH~HO, 'IITO pac~eT Y.ztOBJI8TBOPHT8JIDH0 OllHCHB88T npo

CTpaHCTB8HHoe pacnpa.zte.JI6HH8 WIOTHOCTH llOTOKa ne ~ceu pa.ztHaJI»lil:ilM Ha

npaBneHHBII. O~HaKO IIO a~COJIDTmlM B8HH'IIHH8Y IIJlOTHOCTH IIOTOKa pesynir 
r:• 

TaTH pact1eTa H HsMepeHHtt pacxo.ztarca 6onee t1e11 B lO pas, TaK KaK 

BHXO.zt HSJiyqeHRfl OT nonepXHOCTHlilX HCTO'll!UIKOB onpe~eHanca ue

KoppeKTHO. Ha pHc. I2 ~aHHble HOPIIHPOB81W Ha 3KCnepHY8HT8R»HYil B8RH-
, - ml 

'll!HY BUXO.zta H-ettTpOHOB c E > 2.0 MaB : 0,3 HettTPOH8/CeK. • 

Kor.zta w HSIIIJIH cnocoo mtmcneim:a xapaxTepHcTHK noEepxnocTHoro 
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P.IO:S:~ Ill 

llCToqHHKa 114, 171, npel!C,lle ncero 6WI nponepeH cyMMapHb!ll BLIXO)l Hett

TPOHOB. PacqeTHaH BenuqnHa COCTaBHna 0,32 HettTpoHa/ceK,3areM Oun C)le

naH nporHoa .n:oaHoro nonn )lnR Honoro peuua pa6oTu cumcpopaaoTpoHa 

c a<M>eKrHBHHM Bb!Bo.n;ou nyqKa1181.ua puc.I4 noKasaHu pe3ynLraru pacqe

Ta (I973 r) u )laHHue usuepeHntt c noMom»D BF3 - cqeT'lllKa c saMe-

MHTeneu ( 1974-1976 rr ) • uporHos ITOJlTBep.n:ruicn .n:m1 Bcex 

B npe)lenax ~aKTopa 2. 

roqeK 

Ta6n1'1ua 

Pesyn»TaTu pacqeTa TonmuHU samuTu, r/~M2 

YcKopuTen» 

EycTep 
( npoeKT ) 

Ea, 
raB 

l 
TO lite 

tJ 

II 

II 

11 

fl 

II 

UEPH 25,5 
( lIIBettuapun)25, 5 

25,5 

HAJI (ClIIA) 200 

UEPH 
(npoeKT ) 300 

_8, 
rpa)l 

!30 
II0 
70 

40 
20 
IO 
0 

90 

90 
TO Jt8 

II 

II 

II 

ITO )l8HHOtt 
pa6oTe 

800 
1080 
!500 

!380 
IO00 
860 
650 
500 

IOOO 
!ISO 
1420 

1560 

1560 

Ilo pa6oTau )lpyrux 
8BTOPOB 

E.C.C1,1qen 
940 820 

!090 1040 
1460 1500 

II50 
790 

W.-Gifge'l.t 
I085 
!240 
I455 

1600 

!585 

!400 
IOOO 
880 
640 
480 

J.Routti 
!085 
1240 
I470 

I590 

1570 

TaKHM o6pasoa, ~eTo~ pacqeTa 6WI anpo6zpoBaH, qTo noa:eoJll!no 
·. ( . ' . . ' ~ .- . 

npoBeCTH aHa~HS ~OPMHpOBaHHH none! ~OKpyr CHHXp0~880TpOHa npa 

23 



HOpMaJILHOM/8/ ll aBap11ttHhlX/9/ peJKHM8X pa6oTH CIICTeuu 116'AJI6HHOro 

Bb!BO)l8. Ha p11c. IJ .l(JIH np11uepa ITOK838Hbl Bb!t!HCJieHHble 1130.l(03U B 

38BllCIIMOCTII OT P83Jllll!HillC BeJllltlliH ll 83HMYT8JILHUX pacnpe)leJieHHit no

TepL. 0Hll He06XO.l(IIMU .l(JIH onpe)leJie Hirn rpamui KOHTPOJillpyeMOH H C8HH

TapH0-38ll!IITHllX 30H H)le PHO-Texm1t1eCKUX YCT8HOBOK. XapaKTepHo, l!TO 

T8Klle )l8HHb!e O rno6aJILHOit P8.llll81.UrnHIIOtt OClCTaHOBKe pactieTHUM nyTeM 

He nonyt1eHb! .l(O HaCTO/lmero BpeMeHll Hll Ha O.l(HOM ll3 cymeCTBynmHx yCKO

pureneA BBll.llY llCKJIDtlHTeJILHOA CJIOlKHOCTll pact1eTa. 

H ITOCJie.l(Hee, BeCLMa y6e.l(HT6JILHOe ITO.l(TBepJK)leH11e H8WHX KOHqen-

1.lUll pactieTa; He)l8BHO Bb!IIIJI8 B, CBeT pa6oTa CTeBeHC8 II TopH)laJ!Ka*), 

r)le pactieT 3811!HThl HOBoro H8KOITHTeJIH 11Hsa6eJIJI8 11 H8 200 rsB (CIIIA) 

C)leJiaH M€TO.l(OM MOHTe-KnpJIO no .llBYM JIYllillllM B MHpe nporpaMM8M PaH~Ta 

11 BaH-I'eHeKella. Pact1eT Bllnom;eH Ha 3BM c 6b!CTPO.llelH:TBHeM ~ro8 one-

P81.lUH B ceK 38 100 tl8COB. naHHUe ( no ITJIOTHOCTH ITOTOK8 8,llpOHOB 38 

38ll!HTOtt ) Panqira 11 1laJJ-fe11er.ena pa3n11t1amc/l MeJCAY cOOoil D 2 pasa. 

AH8JIOrHt1Hb!e Bb!tlllCJieHHH HHlKeHepHHM cnoco6oM 114/ BPYllHYlO 38HH

JIH Bcero I ,5 t1aca, np11t1e11 corJiac1-1e c 11oureI:CapnoncI:CHMH pact1eTa11H 

6HJIO B npe,lleJiax ·30 + ~0%- IlpID1et1aTeJILHO, tlTO HalllH )l8UHl:le JiellaT B 

npoMelltyTKe MBllt.llY pesyJihT8T8Mll BlltIHCJieHllH no .llBYM npoI'paM11a11. TaKoe 

corJiacHe ~JIH Hae He 6UJIO Y.llHBIIT8JILHUM, TaK KaK npe)lJIOJKeHHUtt ueTO,ll 

pact1eTa onHpaeTcH Ha cTporne 11aTeMaT11t1ec1rue peruemrn, a HeaHatrnTeJIL

HUe npH6JIHJKeHHH ~H3HtleCKH o60CHOB8H!,1. 

IlepcneKTKBHOCTL HOBOro H8YtIHOrO HanpaBJieHKH. Ilpo6ne11a nporHo-

3llpOB8HllH nonett HaJiyt1eHllH BoKpyr ycKopnTenea peweua onaro,llapa 

npaBllJILHO Bb!6paHHOMY .M8TO.lllltleCKOMY no,nxo)ly Ha CTHKe P8.lllf81.lllOH-

HOtt ~ll3HKH ll .llKHaMllKll .l(BHJK8HHH tl8CTlll.l. 9To,6eaycJIOBHO,HOBOe H BeCL-

118 nepcneI:CTHBHOe HanpaBJieHH8 B )l8HHOtt OTpaCJIH npHKJI8.l(HOtt Hayroi:. 

* .· . . . 
A.J.Stevens and A.H.Thorndike, Estimating ISABELLE Shielding 

re~uiremerits, BNL-50540r 1976~· 
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p H c. 14. Hone. H3JIYtleHHH BOK~!r CHHXp0qJ830TpOHa npH MeAJieH
HOM BllBO,lle npOTOHOB, M6sp,t1ac : 

- pact1eT; x - r,rnuepeHllH BF3 - ct1eTt1HKou; 
r - rJISBH&tt"Kopnyc; H - H3118PHT8JihHHtt naBHJILOHj 
3 - HOBUtt, CTpoHmHttCH axcnepHMeHT8JihHliH Ban; 

I ••• 52 ~ HOMepa Yt18CTKOB p83.l(e~eHllH KOJihqa ( CM.pHc. 8 ). 

B ~eM Ee nepcneKTllBHOCTh 3Toro HanpaBJieHllH M K8KOBS 3a)la~H 

Ha 6Y.llYJ!tee? Ra« yEe ynoMHHanocL B aat1ane aBTopeq)epaTa, Bee KOHqen-

1.lllH pact1eTa pa,llHaqHOHH!,tX nonett pa3BllTU nyTe» OOXO,lla Bl,ltU(CJI8HHff 

~5 



npoCTpaHCTBeHH0-8HepreTHqecKoro pacnpe;n.eneHHH B uarHHTIWX CTPYKTY

pax, KOTOplle B nepByIO oqepe;n.1> BOCilpHHH!JaIOT pa;n.Hatmomrne Harpy3KH 

BCJIC;ZJ.CTBHe n0Tep1, qacTHl.l Ha BaKyyJJHOH Kauepe. O;n.naKO ;ZJ.RH onpe;n.ene

HHH aHeprOB!l;ZJ.CJieHHH, pa;n.HaUHOHHOH CTOHKOCTH H HaBe;n.eHHOH pa;n.HOaK

THBHOCTH aneueHTOB uarHHTOB H6JI1,3H ne yqHTllBaTl> yrnoB!le pacnpe;n.e

neHHH n0Tep1,. Tpe6yeTCH c;n.enaT1> BCeCTOPOHHHH aHanH3 8KCnepHMeH-- -Tan1>HUM H pacqeTHUU nyTeM qiyHK~H BH;ZJ.a' 5 ( Eo t 'l, o t .no ) B 

oqen1, mHpOKOU ;n.HanasoHe 8H8prHH OT I ;n.o 5000 raB ( a IJ0lll:8T 

6UT1>,H mme) ;ZJ.RH npOTOHOB, a TaKxe ;ZJ.RH p83JIHqirnx copTOB THECJIWC 

penHTHBHCTCKHX HOHOB. 3TO aa;n.aqa IJHOrHX neT HCCJI8;ZJ.OB8HHH. 

11;n.eH HCCJie;n.onaHHH npOCTpaHCTBeHHO-aHepreTHqecKoro pacnpe;n.ene

HHH BTOpHqnoro H3Jiyqemrn npH 11CKOJI1,3HlJleM" na;n.emm Ha HOHOilpOBO;ZJ. 

nepBHqnux qacTHl.l ( pHc. 4) Bnepnue npe;n.noxeHa anropoit'{ 

3a py6eJKOM noHRJIH aKTYMhHOCTh Ta.KHX 3/lJlati Il03Xe, KOr;n.a Mil yxe no

CTaBHJIH nepBUH YHHKan1>HllH 8KCnepHMeHT Ha reoueTpHqecKOH uo;n.enH 

cnepxnpoao;n.amero ;n.ttnona*~). Er~ peayn1,TaTli He BltJIDtieHH B ;n.Hccepra

UIDl H RBJIHDTCH npo;n.onzeHH8M paOOT aaropa. 

OT pemeHHH HOBllX, CJIO~HllX sa;n.aq B ;ZJ.8HHOU HanpaBJieHHH 88BHCHT 

npHHtmnHaJI1>H8H B08UOJO!OCT1> coa;n.aHHH cnepxnpOBO;ZI.Hll!HX warHHTHllX CH

CTeY CHJI1,HOTOqHWC BliCOKOBHepreTHqecKHX ycKopHTexeR. 9TO no;ZJ.TBep-

3;n.aeTCH c;n.enaHHUYH aBTOpOY oneHK8MH sHeprOBH;n.eneHHH B 06YOTK8X 

CBepxnpoBO;ZJ.HlllHX uarHHTOB, KOTOp!le npe;n.nonaraeTCH HCTIOJI1>BOB8T1> B 

npoeKT8X HYK110TpOHa ( OlilU!)H~) ,;n.a6Jiepa (CIIIA) ,YHR(Cepnyxoai19/. 

*J3rui.11eB n.H. H ;n.P~ B co,: Ilaroe Bcecopauoe conemaHHe no ycKopH
Te1rn11 3apHlll:8HHliX tiaCTHl.l (aHHOTallHH ,l{OKJiaJIOB), UIH!l!aTOI.UIHq>OpM, M., 
1976, crp. 25. . 

H)BOJIKOB B. Yi., 3aliueB n.II. H ,l{p. Ollfill, 16-10812, .llyOaa, 1977. 
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IlOCKOJil>KY orpaHHqemrn HHTeHCHBHOCTH ycKOpHTeJieH no pa;n.HaUHOHHOIIY 

Harpeny cBepxnpoBo;n.HmHx o6uoToK B 20 ~ 50 pas 6on1,me, qeu no npocT

paHCTBeHHoMy sapH;n.y nyqKa, TO B8JIHqffHU ;n.onycTH!JliX n0Tep1, ;ZJ.OJilltHU 

6liT1, IlOPH;ZJ.K8 O,I + 0,05% OT Io, Pean1>HO noTepH qacTHU MOXHO yueH1>

_filHT1> ( JIOKaJIH30B8T1,) TOJII,KO CHCTeuott CKpenepoB, ;n.Haqiparw H nepe

XBaTqHKOB K8K nepBHt!HliX,TaK H BTOpHqlillX qacTHU. O;n.HaKO 3TO oqeHI, 

CJIOEHaH npo6JieMa, Tpe6y10~aH npHBJieqeHHH Cil€1lH8JIHCTOB He TOnl>KO 

no pa'AHatmOHHOH ~H3HKe, HOH cnenHaJIHCTOB no ;ZJ.HHaMHKe ;ZJ.BH~eHHH qac

THn,¢H3HKe TBep;n.oro Tena, TeilJIOTCXHHKOB H 'AP• 

B 88KJIDqeHHe cne;n.yeT aaueTHT1>, qTo 6es Hccne'AOBaHHtt aaKOHOMep-

. HOCTett pacnpe;n.cJICHHH n0Tep1,, BNnOJIHeHHliX B ;n.HccepTanHH,'A8X6 rpy6ue 

oneHKH pa;n.HaUHOHHOro HarpeBa 6liJIH 6H HeB031JOXHli. Ho rJiaBHOe, 3?H 

HCCJ18AOBWlHff BWHBHJIH KOHKperHwe, nepaooqepeAHHe 3/lJlaqx, ~OTOplie 

npe;n.croHr pe111n:i. B aro11: uanpaBneHHn B OnHxaRWMe 5-IO Jiet. 

OCHOBH!le peayn1>TaTli ;n.HccepTaUHH 'AOKJI8;ZJ.liB8JIHC1> Ha YI Mellt,!{y

HapOAHOM CHMn03HYM6 no H;n.epaon 31I6KTPOHHKe { BapmaBa, 197! r. ), 

I.Y BcecOD3HOll coBemaH1n1 no yc1topHrenHM sapaxeHHHX 1JacrHn (MocK-

Ba, 1973 r.), I BcecOD3HOR HayqHOR KOH¢epeHUHH no samnre OT HOHH-

3BJJYD~JIX Jl3.llytl8Hltlt H;n.epHO-T8XHHti8CKHX ycTaHOBOK (MOCKBa, Mltl>M, 
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