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C ABCCeprauael MOXHO 08H8KOMH5CH B 6a6naoreKe 
O~eABHBHHOro BHC!B!y!8 ffABP.llHX BCCXBAQB8HBI. 

Y~em ceKperap:r, cneuaannaapo:eauoro 
Co:eera npa Jia6opa!Opaa RABPHHX npo6neu 
Offill K8QW! ~B3BKO-U8fBU8flfClBCKBX 

H8yK 

ll.A.Baeyco:e. 

Ham5onee nepcneKTLlBHH!.l HanpaBJiemrnM yBeJILltiBHBH TOK8 ti8CTl'lt( 
B yCKOpl'ITBJIHX Ha aHeprLlD npOTOHOB AO 1 I'3B HBJIHBTCH COOpY?(BHLle 
ycKopHTeJiell C HenpepHBHHM {aaoxpOHHHe ULlKJIOTpOHH) LlJILl notiTLl He
npepuBHH!.l {waao!pOHH C npocTpaHCfBBHHOH BapL18t(L16H MarHHTHOro no
JIH) pexHMOM pa60TH. 

Vi](eH acnom,ao:eaHIDi aaHMyTaJI:&HO-HBCLlMMBTplltUWX MarHllTHHX nonen 
B UHKJIOTpOHaX C!uJia BHCKa.3aHa n. TouacOM Bille B 1938 ro,11y .Ee peaJIH3a
UL18 no3BOJIHJia C!u no,!IHHTL npe,11eJI:&HYI) 3HeprL1D YCKOpReMHX npOTOHOB ,110 
{80-100) MaB. BaxHHM maroM B pa3BllTL1L1 H](BH ToMaca HBU3IOCI, npe](310-
xeHne n.KepcTa H 'AP· 0 npHMeHBHHH B UHK3IlltiBCK0X ycKOpL1T83IHX 
UHKJIOTpOHHOro THna MarHHTHHX noneli, HanpaxeHHOCTI, KOTOpHX nepH0-
](0ti8CKH MBHHeTCH KaK no 83HMYTY, T8K H no pa](11:ycy • IlpeHUYl!l8CTBO 
TBKHX nonen 58KJIDti88TCH B TOM, tiTO npH OTHOCHT8JII,HO He6onr,mon 
rny60He B8PL18t(Hli nonH .B08MOXHO yB831HtiHTI, npe](831:&HyD aHeprHD un
KJIOTpOHa BilJIOTJ, ,110 3HeprHL1 1000 MaBJ xapaKTepHOR ,!IJIH npOTOHHHX 
CRHXpOUHKnOTpOHOB. 

B HBCTOH~ee BpeMH npOB8](8Hli 'A8T83l:&HH8 HCC318](0B8HHH ](HH8MHKL1 
ti8CT0t( B noJIHx C npocTpaHCTB8HHOH Bapaauaen, IlOCTpoeHH ](8CHTKH 
UHK3IOTPOHOB. B COB8TCKOM CoDae nepBHH UHKJIOTpOH PB'AH83II,HO-C8KTOp
HOrO THila 6un 38IlYl!l8H B 1959 rO'AY (!£) B 11HCTHTyTe 8TOMHOti aHeprHH 
RM. ll.B.KyptiaTOB8 AH CCCP. 

B Jla6opaTopKH H~epHHX npo6neM Ollilll c 1955 r0](8 no]( pyKOBO](
CTBOU qJieHa-KoppecnoH,11;eHTa AH CCCP B.IT.~xenenoBa a npo~eccopa 
B.IT.,l!MHTpH8BCKOrO npOBO](HTCH paspa60TKH YCKOpHTeJieR HOBHX THilOB, 
acnonr,ayDIJll!X CTBUHOHapHH8 MarHHTHli8 IlOJIH C npocTpaHCTBBHHOil Ba
p0au0en. C ytiaCTH8M a:eropa ](HCCepTa~HH B 1959 ro](y 6HJI C08](8H 
UHKJIOTPOH C Kpyrocn0panr,Hoi1 CTpyKTypon MarHHTHOro noJIH Ha aHep
rHD ,11eRTpOHOB 13 MaB,a B nepHO'A 1960-65 r.r. npoBe]leH KOMnneKc 
pa6oT no paapa60TK8 H np08KTHPOB8HHD M880HHOti ~a6pHKH - peJIHTH
BHCTCKOro t(IIK3IOTPOHB Ha aHeprHID npoTOHOB 700 MaB rrpH TOKe YCKO
peHHOro ny1rna 500 uKA. 

Me80HHH8 wa6pHKK HBJIHDTCH 'AOPOrOCTOHIJlIDIH yCKOpHT83IHMH K8K no 
KanHT8JlJ,HliM aaTpaTaM, TaK R no aKcnnyaTat(HOHHHM pacXO](BM. 

!t) J.A.Zavenyagin, R.A • .11:etechcherov, E.S.Jfironov, L.H.Nemenov 
and J.A.Kholmovskij. Proo.of the Intern.Cont.on High-Energy 
Accal.and Instr. CERN, 1959. 
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lli!:eHHO STO o6CTOHTeHbCTBO nocTaBllHO Ha noBeCTKy AHR aeo6XOAllMOCTb 
peKOHCTPYKUllH A8llCTBYJ!llnC CHHXPOUllKHOTpOHOB C nenb!O noBumeHllH llH
T8HCHBHOCTll nytnta 'AO (I0-50) MKA, ynyqmeHllH KaqecTBa nytnta H A0-
CTlll!t8HllH sqlq/8KTHBHOCTH BhlBOAa (50-70)%. 

HaCTOH~aR pa6oTa llOCBR~eHa HccneAOBaHHIO H C08AaHHIO uarHUTHHX 
CllCTeM H CllCTeU BUBOAa Ana Tpex YCKOpHTenen, a HMeHHO: 

I• <l>a30TpOHa C npocTpaHCTBeHHOR BapHariueR warHHTHOro nona -
ycTaHOBKa "~" (coopyxaetca). 

2. 3neKTpOHHOR uo~enu KOHbU8BOro UHMOTpoaa - 3MKI.{ (aanYJ]leHa 
B 1967 ro~y). · 

3. ilaoxpoaaoro nuMotpoaa - Y-I20M (aany~eH B 1976 roAy). 
3TH HccneAOBaHHa aunonaenu B IlHil OH.ffii ITO~ PYKOBOACTBOM H npH He
nocpe~CTBeHHOU yqacTllH aa:ropa AHCcepTaUHH. 

n0ccepT8UHH COCTOHT H8 BBe'A8HHH 1 B KOTOpOU llpOBO'AHTCH cpaB
H8HUe ~ellcTBy~ex, paapa6aThlBaewx H coopµaeuux ycKopeTenett B 
aayqJIUx neaTpax paaHHx cTpanuupa; qerupex paaAenoB, o6~eAHHHD
~HX BOC8Ub rnaB;H 88KHJOqeaHR, BKH10qa10~ero B ce6R OCHOBHHe BUBO'Ahl 
npOB8A8HHOll pa6oTU. 

B nepBOAI p88'A8He (I-II-III rnaBhl) paccMaTpHB8IOTCH o6~He BO
npocu, Kaca~HeCH c~opuynHpOB8HHOtt reuu AHCCepT8UHH. 

B nepBott rnaBe aToro paaAena aaanea0py10TCH paanHtUWe KOH~H
rypan00 MarHHTHoro noHR, o6CYJ1t'A8IOTCH HX oco6eHHOCTll, 'A88TCH CBH8b 
M!llt'AY BU6paHHOtt CTpyKTypott llOHR H npHHRTOtt cxeuon BhlBOA8 ycKopea
HOro nyqKa ll8 ycKDpllTeHR. 

MeTOAhl pacqeTa Al8rHHTOCT8THqecKllX nonett OflHCUB8IOTCR BO Il rna
Be 'AHCC8pTaUHH. 

B Jia6opaTOpHH HA8PHhlX npo6neM npH ytJaCTHH aBTOpa paapa6oTa
aa nporpaui1a TRIM.ll, ananor mupoxo HaBecTnon nporpauuu TRIM, AHR 
pacqeTa AByuepHhlX uarHHTOCTaTeqecKmc nonett Al8TO'AOM C8TOK C HC- . 
nonbaoBaH0eu BeKTopaoro no:reaneana Ha HeperyHRpHott rpeyroHDaon 
ceTKe. HanHC8HH8H nporpauua HCfl0Hb80Banacb AHR BunonaeHHH PHA8 
npaKTeqecmtx: pacqeTOB. Pacqeru KPHBUX HaMarHmreHHa H p~H.aHbHLIX 

pacnpeAenea0n noHR sneKTpouarae:ra Cil-57, B aaaope KoToporo MOAe
nepoBanacb uarHHTHaH cHcTeua ~ao:rpoaa c npocrpaHCTBeHHott Bapea
UHett noHR (ycTaaoBKa "~"1noKaaane, qTo roqaocrb pacqeroB cocraB
HReT"'l%. C neHDJO onpeAene~IDI norpemHOCTett, BHOCHMUX Ha-aa HeToq
HOCTll MOA8HHPOB8HIIJI paauepoB Rpua ll nonOlleHHH KarymeK • 
uarHHTHOll CllCTeUhl ycT8HOBKH "~", 6hlnH npoBeAeHU pacqe,:u paAHaHD
HOro pacnpe'AeneHHR nona B aaaope sneKTpouarHera E-I (ycT. "~") 
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e 'Cil-57. COBfl8'AeHHe pacqeTHhlX KPHBhlX ·c TOqHQCTbJ0--0,5% B pa6o
qeu 'AllanaaoHe P8'AHYCOB noaBonHno CAenaTb BUBO'A, qTo uarHHTonpoBO'A 
'Anfl paCCM8TpHBaeuux KOH~Hrypauen He OK88hlB88T CYJ!leCTBeHHOro BHH
HHHH Ha pacnpeAenea0e nona B aaaope aneKTpouarHHTa. 

Aaanua pacqeTHHX pacnpe'AeneHHll warHHrHoro nonH OT paanuqJIUx 
aneueHTOB uarHHTHOtt CHCTeMhl HaoxpOHHoro UHKnorpoaa Y-I20M, nony
qeHHhlX C nouo~n nporpaMMU TRIM,ll,nOSBOH_r,m OllT111,!H8HpOBaTD napa
MeTpU CHCTeMhl cnupanbHUX ll KOnbUeBhlX ml!W4 C nenbJO 'AOCTlll!teHHH M8K
CHMMbHO B03MOXHOro 3HepreTHQ8CKOro ~Hanasoaa H mHpOKOro HaClopa 
ycKopaeWIX qac:rHn. AaanH:rHqecKHe ~opuynu pacqe:ra noneR o:r muw 
paanuqaoR KO~HrypanHH (napannenenuneA,UHHHH,Itp!i,KOHbUa,cnupanH u 
~p.), nonyqeaaue B npe~nonoxeauu paBaouepnoro aai1arnuqeaua oClt.ew, 
muwt,' mHpOKO HCllOHb3j'llTCa B A8HHOR AHCccepTaUHH. 

nHR paccuaTpHB88MhlX·B 'AHCCepT8UHH ycKOpHTenen MarHllTH08 none 
'AHR cpeAHett nnOCKOCTH aanHCUB88TCH B CH8'AYJO~eu BH'Ae: 

H(z,lf) = H(z)[!+~-z:)~in.(JH(Z)-Nf)] ' (I) 

rAe H(z) - CP8'AH88 uarHHTHOe none, GN(Z)=HN(Z)/H(Z) 

.flN(Z)=-f- - BBPH8UHH H ~aaa OCHOBHOll rapMOHHKH nonH HN(Z), 
N, ;t - nepHO'AHqflOCU H P8'All8HbHUll mar CTPyKTypu· 

MarHllTHoro noHR. 
Oco6eH~OCTH 'AllH8MllKH tUICTllU B 88'A8HHOM none paccuaTpHB8IOTCH 

B nepBOM naparpa~e m rnaBU 'AllCCepranllll. 8aMKHyTaH op6llT8 OTHOCll
TeHbHO P8'AllYC8 R 'AHR qaCTffUhl C llMllYHbCOM P=eH(R)RJ\ 9 uoxeT 6h1Tb 
88llll08H8 B BliJJB I 

Z=R+6Jt1_N2A[1- 2,;,n2~m-A n- SLn(f,,r-Nf) , (2) 

rAe It - .!...S1L/ m - ---8. .JtiL/ 
- H d:l Z=R ' - 7:; c1 'l 'l=R 1 

A I V,I £! (2+n +m) 
I\=-+ - +- 2 

2 4 ZN 
~) B.li.naallnoB, H.Il.3annarua, B.C.Pu6amco, R.A.CapKHCHH. 

arum, P-344 " P-409, ny6aa, 1959. 
n) B.IT.nullrpllBBCKHll, B.B.Kom.ra, H.H.Ilonyii:opABHHOBa •. 

mnrn, P9-6733, ny6Ha, I972. 
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3HBHl18 38MKHyToil Op011Tbl Il03BOJIH8T onpe,n.eJil1Tb Tpe6yeMNH 38KOH 
113M8H8Hl1fl cpe,n.Hero MarHl1THoro noJIH no pa,n.11ycy ,ll.JIH 1130XpOHHNX 1:(11-
KJIOTpOHOB ." H('l) _ /.lo (j' 

r,n.e Z.,.,= EofeHo, 

- AVI-('lZj,l.!;.)6'2' ' 
g2 

(3) 

O= I+ 'IN2/l.2 
]J.JIH yc1mp0Teneit c nocTOHHHoii napnartneit 1,mrH11Tttoro nonR (f,=cond) 
BblnOJIHJl8TC8 yCJIOBHe A~I. B 3TOM ceyqae npOCTp8HCTB8HH8H ycToit
qunocTb qaCTl1rt on11cNB88TCH ypaBH8HHRM11 MaTbe, a BeJiuquHN tmCTOT 
6eTaTpOHHblX KOJie6ptt11it MoryT 6NJb H8H,ll.6HN2113 np116Jil1llt8HHNX Bb!p8llte-
H11it: Q;~-n+ ½- + ( i«fj:fi# )2 , Qz ~ I+tt , (4) 

r,n.e tJ.' _ dfiN / 
J'N - d z z. =R • . 

Ml1HHM8JlbH8H BeJI11q11ua Bap11artHH MBrHilTHoro nOJIH, Bblme KOTOpoit 
cymecTByeT 8KCH8JibH8H ycToitq11nocTb, onpe,n.eIDieTCH COOTHOID8Hl16M 

lN= R;:, V2n ~ (5) 

B nocne,n.yromux ,n.nyx naparpal))ax aToll rnanN paccuaTp11naroTcH pas
JI11qHNe M8TO,ll.bl BNBO,ll.8 nytJKa. 3a6poc nytJKa B OTKJIOHHIDmee ycTpoitCTBO 
B CJiyqae uepe30H8HCHNX M6TO,ll.OB ocymeCTBIDieTcH·aa cqeT paa,n.eJI8Hl1R 
nocne,n.OB8T8JlbHblX o6opOTOB 38MKHyTNX op6HT Ha KOHequou pa,n.11yce yc
KOPHTeIDI np11 coxpattemm JtaqecTBa BHyTpeHHero nytJKa. B yCKOPHT8JlflX 
C npocTp8HCTB8HHOit Bap11artneit uarHl1THoro noJIH np11 &N~I ,ll.JIH cos,n.a
mrn 5lplp8KTllBHOH Cl1CT8Mbl Bb!BO,ll.8 M0llt8T 6b!Tb 11cnOJII!30B8H 3g/lp6KT pac
m11peH11H 38MKHyi'hlx Ope511T 38 cqeT COOTB8TCTByIDmero Bbl6opa 38KOH8 
113M8H6H11R B8pl18J:(1111 IlOIDI B,ll.OJib pa,n.11yca:~ . 

~!N~-~S0 + 2 'k:110 
(A-I), (6) 

r,n.e 11H,ll.8KC HOJib OTHOCHT B8JIHqHfW K HBtmJibHOMY pa,n.11ycy 113M8H6HHR 
nap11art1111 noJIR. 

AH8JIH3 peaOHBHCliblX M8TOAOB BblBO,lJ.8 ,n.aH B KOHrte rJiaBN. Ilp11BO
,ll.HTCR tpOpMyJII,[ ,ll.JIR pacqeTa CKOPOCTl1 yBeJI11qeHID1 8MilJI11TYA CBOOO,ll.HblX 
pa,n.11BJibHWC KOJI868Hl1R. 

~) B.IT.]J.M11Tp11encK11ll. OllilM, P9-934I, ]J.y6Ha, 1976. 
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BTOpoit paa,n.eJI ,n.11ccepT8J:tl1l1 IlOCBHmeH paapa60TK6 11 MO,ll.8Jil1POB8Hl1ID 
MarH11THOll CHCT8Mbl (IYrnana) 11 Cl1CT8Mbl BHBO,n.a ycKopeHHoro nyqKa 
(!rnana) ,ll.JIR lp830TPOH8 C npocTpaHCTB8HHOit nap11art11en MarHl1THOro 
IlOJIH Ha 3HeprHD npOTOHOB Ep=680 MaB npH TOKe ycKopeHHOro nyqKa A~ 
50 MKA ( ye TBHOBKa "~"). . · . , , 

B nepBOM naparpal))e IY rJIBBH_. npHBO,lJ.11TCR OrteHKa OlltHl!,88MOit 11H
T8HCHBHOCTH nyqita B ¢aaorpoae,. H3JiaraDTCJI OCHOBHN6. cooOpaxeHHH no· 
BHOOpy CTpyKTYPH uarHHTHoro IlOJIJI, ¢opuyJI11pyDTCH TpeOonaHl18 K roq
HOCTH ero ¢opUHpOBaHHa.IT01taaaao, qro ,lJ.JIJI ycraHOBKl1 "P" nepHOAHq
HOCTL H PaJIHMLHHit mar CTPYKTYPH uarHHTHOro IlOJIJI uoryr OHTL npH
HJITH panHwH N =4, X·=I5 CM np11 :m,itaHHOU MHHHUaJILHOM aaaope ue:a:
AY aneueHTaMH MarHHTHoff_c11crew (2h1=30 cu) no B?en oonacru,aa 
11cKJIDqea11eu: rteaTpMLHOi1 aoHH yc1top11rena. . _ 

MaI'HHTH08 none ql830.TpOH8 qJOp!rnpyeTCH B aaaope 3JI8KTp.OM8rHHT8 
( ~700 CU: 1 8;;;I20 CM) Cl:!HXPOrtl1KJIOTpOH8 Jia6opaTOpl111 H,lJ.81)HllX: npo6neM 
0.11.HM. .ll.iul ~HOpaHHOro aaaq'eHHJI KOHeqHoro p8,11Hyca ycKopeHHit 
~~=270 CM H3M8H8HH8 cpeAHero MarHHTHOrO IlOJIJI npHHJITO B ¢opue: 

" · . 2 6 · 8 !:I IO :-
H { z) = H0exp(0,359J + O,B3J-2,35Ij +I,5j -0,021 _?,, (7) 

. 'l. . 
_ r,n.e J = T, H0~II902 8 ~.none B rteHTpe c11cTeu:u. 

K ·' . . .· .. 
Tpe6yeM8R 3_8Bl1CHMOCTb' Bap11art11PI nonH Hait,n.eua HCXO,ll.H 113. B!lPBllte-

Hlm (4) np11 YAOBJieTBO_peHl111 ycnOBIDI O~Q~0,2 ~JIH',I5cM<U270cM. 
MaKcHMaJlbilo.e aua~eH11e aMnn1tTYAN 4-tt .rapiiom1~11·, H4=3000 8 ,n.ocT11ra
erca aa pa,ii11yce -c.; =IBO_ ~"''· aare:il: na,JlaeT ,n.o H4=I600 3 Ha KoHeqHou: 
pa,n.11yce~ · · ·· · · · 

ITpe,n.napl1T6JibHNi1 Bbl6op OCHOBHHX napaMeTpOB uarHl1THOit Cl1CT61lbl 
6aa11po11aJICR Ha pacqeTax noneit OT OT,n.em,HWC ee sneMeHTOB 11 npe,n.
nonoJJtea1111 pa11uouepHoro aauaru11qeH11H. ]J.1IH yToqueHl1H STl1X napaMeT
poB 6Hirn npone,n.ellli SKcnepHMeHTbl C CHCTeu:oit npHMon11Hei1HUX 6pyCKOB, 
MO,n.en11pyrom11X Bap11artl1ID cn11panL1WX fillWM, 8 T8Kllt6 Ha6opoM KOnbrt8BllX 
H o,n.aon napon cn11panLH!lX mlWM B aaaope aneKTPOMBrHHTa. Ha OCHOB8-
Hl11'1 aToro KOMilJI8KCa pacqeTHllX H aKcnep11u:eHT8JILHNX pa60T 6NnH BH-
6pam,i ~apa1.1eTpH Mo,n.enu u:armtTHoit c11cTeMu ycTaHOBK11 11~ 11 c KOal))qi11-
rt11eHTOM no,n.o6HR K=I/5,22. BHemaun BHA nomocHoro HaK0Hequ11Ka uo-
~en11 11ao6pazea Ha pPic.I. 

B nportecce wopu:11poBaHHR noJIR Ha Mo,n.en11 ueo6xo,n.ru.iNe 11a1.1eueu1UI 
reoMeTp110 c11cTeMH onpe,n.eIDin11cL cne,n.y~~HM 06paao1.1: 

I) C IlOMO~b~ 8BM'paccq11rnnan11cb cpe,n.Hee none 11 BBpHBrtHH IlOJIB 
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OT MaJIHX aneuem:oB uarHHTHOR cHcTeUH, onpe~ensD~HX npe~nonarae:rme 
H3MeHeHHs reoueTpHH; 

· 2) BenHQHHH noneR, nonyqeHHHe nyTeM pacqeTa, cywrapoBanHcL 
C COOTBerCTBYJ)~WI axcnepHMeHTaJILHHYH 3HaQeHHSIMH ~ns npe~ll,ltYJlleR 
reoueTpHH cHcTew; 

. J) paauepH 111 ~opua uanHX aneweHTOB weHsnHcL B pacqeTe ~o rex 
nop, noxa He 0Hno ~OCTHrHyTO ynyqmeHHSI axcnepHMeHraJILHHX ItpHBHX; 

4) npOH3BOAHnOCL H3MepeHHe IlOIDI AIDI H3MeHeHHott reoMeTpHH,H 
BeCL ~HKn IlOBTOpflnCH 3aHOBO. 

PHc.I. MOAem. MarHHTHOtt CHCTeMH ycraHOBKH 1141 11 • 

B peaynLTaTe wopuupoBaHHfl MarHHTHoro nonfl MO'Aenu C fiOMOmLJO 
CHCTeMI,I cnupanLH1:lX H KOm,~eBux WUMM OTMOHeHHe cpe~Hero nons OT 
Tpeoyeuoro He·npeBHmaer ±70 s, a aMnnHTyAa OCHOBHOll rapMOHHKH O!J.'
nuqaeTCfl OT 38A8HHOtt Ha BenuquHy~300 s. 

nnH ABnI>Hettmero wopMuponaHHH cpeAHero nonH ycKopuTenH B crpyK
Type CHCTeMH npe'AyCMOTpeHH sneueam TOHKOH KOppeK~HH nonH - qem
pe TOKOBHe 06MOTKH H ceKTOpHble WHMMH. SKcnepHMeHTH Ha MOAenu c 
CeKTOpHHMH mHMMaMH noxaaanu B03MO~HOCTL nonyqeHHfl cpe'AHero IlOnH 
B npeAenax ±Io o oT rpeoyeuoro. 

Pacqem 5HepruH E, QSCTOTH oOpameHHfl W H qacroT CBODO'AHHX KO

ne6aHHtt Qz H Qz B aaBHCHMOCTH OT CP8'AHero P8'AHyca paBHOBeCHOtt 
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opdum noxaaan111, qro axc111am.HBH (O <Qr< 0,5) u paA111am.HaH 
(I< Qz< 2)yCTOhHBOCTH qac,:~ odecneq111BaJOTCH BnnOTL AO p8AHyca 
z =274 CM, qro COOTBeTCTByer JlaKCHMaJILHOR 5Hepr111H Ep=700 MsB. 

IlpoOneua BHCOKOsqiqJeKTHBHOro BliBOAa HBi'IH8TCfl ocodeHHO BaXHOll 
AmI CHn:E,HOTOtUWX waaoTpOHOB Ha SHeprmo COTeH ueraanexTpOH-BOnLT, 
rAe TOK BHyTpeHHero nywa dY]teT cocraBnHTL 'AeCHTKH MHKpoaMnep. 

BgJ\l)eKTHBHOCTL BHBOAHOil CIIICT8MH _cymeCTBeHHO saBHCIIIT OT COOTHO
meHHfl M83:AY BenHQIIIHOtt aadpoca H TOnntHHOll cenryua, a ra~e OT 3H8-
qeHHll 5MHTTaHca nywa. B pacqeTax CIIICTeMH BHBOAa Anfl YCT8HOBKH 
"~" npHHHTO, q,:o aunnuryAH deTaTpOHHHX xonedaHHH COCT8BIDIIOT 
¥3cM H .Af-I,3cM, a T0:1IlllHH8 cenryua paBH8 6=4 MM. 

BHdop OllTHM8nLHHX napaMeTpOB pereHepaTHBHOH CHCT8M1,I pacxawH 
npoBOAHnCH M8TpHllHHll MeTOAOM C nouomLJO nporpaMMH MAXCOLA Cuc
nonLBOB8HH8M pesynLTSTOB pacqeTOB napauerpoB paBHOBeCHOtt opOHTH 
no nporpawe CYCLOPS III rpaexTop111R OonLmoro q111cna qacTH~ B cHcTe
xe pacxaqXH no nporpawe SJMPl x. IIpH a:rou B ypaaHeHHSIX ~BHXeHH.11 
ytlHTl:IBaJIHCL TOnLXO n111aeffaue qneHH paanoxeHHSI B PSI~ ropH30HTanLHHX 
cocTaanaD~X uarHHTHoro nona. HaMeHeHHe 3HeprHH npoH3BO~HnocL 
~Ba:r.its aa oOopo:r (2 AE-IOO xaB) Ha aaHMyTax, o:rcTo.s:~HX ~pyr o:r 
~pyra Ha I8a°. 

Cxeua paauemeHHH sneueHTOB cucreuu BHBOAa nywa B uauepe,wa-
aoTpoHa noKaaaHa Ha pHc.2, a HX napaueTpH npHBeAeHH B radn~e 1. 

Tadn~a l. IlaRaMeT~ 00creMH BHBo~a 1 

9neueHTH Asw.1yram,- Aaimyr. PaAHyc NI ~~ CHC_TeMH BllBOAa Haff llpOTH- llOJIOJ!t8HHe BXOAB 
xeHHOCTl, BXO'A8 
(rga~.l ! r!la8• l (cul (Sl ( SLcMl 

Bos6y'ARTenL 5,7 -n,o 266 - 310 
Pereaeparop 5,7 50,0 269 - 270 
non01IHHTeID>HHil 3,0 -5,0 272 - 350 pereHeparop 
MarHHTHHA KaHan 
l-.11 ceK~HH (xe- 17,7 1,0 275,6 4700-4500 150-30 
neaHO-TOKOBaH) 
Il-a ceK~lffi 4,5 19,75 279 4000 -100 
(WeppouarHRTHaH) 
ill-fl ce~RH 10,0 25,0 281,5 5400 -100 
( weppouarHHTHafl) 
LY-a ceK~rut 8,0 37,0 292 0 1000 
(S!eggouarHHTHaH} 
!if} . 

a.Cohen et al. IDE !rrana.on Jiu.cl.Sc. NS-18, No.3, p.326,1971. 
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Puc.2. CxeMa paaMemeHHfl aneMeHTOB BHBOAHOi1 
Cl1CTeMli B KaMepe ycKopnTenH. 

B peaynnaTe MOAennpoBaHHfl nponecca pacKallltn npn paBHOMepHou 
pacnpeAeneHHl1 tJaCTHll no Az 11 Az nonyqeHU 88BHCHMOCTH a(pqleKTHBHO
CTH aa6poca tJaCTHl'.l B K8Han OT Ben11qnHH CP6AHero paaAeneHHfl op6HT 
A'Z.n H H8tJ8JU,HOi1 8Hepr1111 pacK8llltl1 EH 'Allfl AByx 11 Tpex llOK8lll>HHX 
HeOAHOPOAHOCTei1 IlOJIH. B cnyqae HCilOlll>80B8Hl1fl B086YA11T8ID1 PH pe
reHepa TO pa R np11 OllTIU48JII,HOI.I sa6poce Ll'Z,;=I '75 cu 11 EH=660 MaB M8K
CIU48lll>HHi1 KoawwuneeHT aa6poca tJaCTHll B KaHan cocTaBIDieT 53%. Ta
KaH xe a!pqleKTHBHOCTl> aa6poca 111.1eeT uecTo 11 np11 EH=670 MaB, 
1,. 'ln=I, 73 cu. 

AHanna 2 -ABV!l!teHHfl tJaCTHll Ha IlOC1IeAHHX o6opoTax, HenocpeA
CTBeHHO nepeA nonaAaHHeM B KaHaJI, IlOK88liBaeT, qTo pacnnuBaHHe 
nyqxa B i!-HanpaBJieHHH 06'.&flCHfleTCH npn6n11J1teH11eu MrHOBeHHOi1 tJaCTO
Tli Qz Ha Op6HT8X K peSOH8HCHOMy 8HaqeH11m Qz=0,5. nna IlOHHXeHl1H 
qacTOTH Qi Ha nocneAH11X o6opOT8X npeAnoxeHO 11Cll0Jll,80B8TI, AOllOn-

8 
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HllT8Jll>HYJ) J10K8Jll,HYJ) 1180,JtHOpO,ltHOCTl> Tllna HCilOJll>3yeuon B pereHepa
rope, pacnoJiaraellYJ) Ha aszuy7e ue:r,ity BOSdy,1tETeJ1e11 H BX0,1to11 B xa
HaJI. IlOHllXeHlle qacTOTH ,JtOCTHraeTCH sa cqeT ll3M8HeHHH cpe,JtHero pa
,JtllaJIJ,HOro rpa,1tlleHra nOJIH Ha opdnTe qacrnnu. 

AHaJIH8 ,JtH4'¢epeHnH8JIJ,HHX ajl(peKTHBHOCTeR pacxaqKH IlOKaSI,IBaer, 
qro HaJI~qne aroporo pereHeparopa ,JtaeT yBeJIHqeHHe KOajl(pHnHeHTa BH-

BOAa c 48% AO 68%, r.e. B I,4 paaa, a 'Alli! 118CTHll c Az<I,5 CM ode
cneqHBaer ~100%-Hoe nona,1taHHe B KaHaJI. 

BeJIHqllHH CHHX8HHH IlOJlH B ceKnHHX KaHaJia llO,JtdHpaJIHCl, nyTeM 
pacqera BliBO,JtHHX xpaeKTOpHR, a rpa,JtH8HTH H rpeOyeMHe BepTHKaJlI,
HHe H pa,1tHaJILHue anep!ypH Ka.Hana - ns pacqera or11danm11x nyqxa. B 
xaqeCTBe HCXO,JtllllX ,JtaHHHX ,JtJlH npoBe,JteHHH 3THX pacqeTOB HCil0JlI,30Ba
JlOCL npe,1tcTaBJ18HHe nyqxa Ha ¢a30BHX IlJlOCKOCTHX (7Pr) H (~P~) Ha . 
BXO,Jte B KaHaJI C B8JIHqllHaM11' 3MHTTaRCOB ii?.= it.= 2071w•upa,Jt. 

B llOCll8'AYJOlllIDC naparpawax rnaBH Y Oc5Cp;'A8DTCH pesym;TaTH no 
. BH6opy napmrnrpoB Bcex aneMeHTOB CHCTeMH BliBO'A8 .H MO,Jt8JIHpOBaRHD 

uarHl1THOro norui 8THX CHC!eM. 
Oc5mHi1 BH'A MaReTa xeneaHO-TOKOBOi1 ceKnnn KaHana IlOK888H Ha 

pnc.3. CeKUHH COCTOHT HS weppo11arHHTHOi1 llJ18CTHHH, 'AByx OCHOBHHX 
~11TKOB (cenTyJ,1, 8HTHC8llTyK), no KO!OpliU nporeKaer TOK, paBHl:li1 
IIOOOA,n 'AByx KoppeKrepynmmc - c TOKou 3100 A. Buc5op croJU, :suco-

PHc.3. MaKeT X8JI88HO-TOKOBOi1 ceKnnn K8Hana. 
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Koro aHaqeHHH TOKa B OCHOBHO.il 06MOTKe noaBonHeT HCKnIOqHTL ncnom
aoBaHH~ HBOMnnu Ha BXO,l\HO.il qacTH cenTYMa, qTo HBnHeTCH BaEHJ& B 
ycnoBHHX BucoKoro ypoBHH pa,11uannn, o6ycnoBneHaoro nona,11aaneM yc
KopeHHblX npoTOHOB (--25%) aa cenTYM• Ilpe,11nozeaaaH KoHwnrypanna xe
neaHo-ToKOBott ceKrtHH noaBOnHeT yueHLmHn 11arHHTHoe none wa
aoTpoHa BHyTpll ceKnnn Ha (4700-4500) s, npll 3TOM MaKCllMEUILHOe B03-
Mj'llleHHe· nonH B o6nacTH nocne,11HHX o6opoToB nnpKynupy10~ero ny~a 
cocTaBnaeT ~30 s. l1cKaxemrn nonH aa cqeT weppouarHHTIWX ceKrtlit1 
KaHana Tauxe He npeBWIIaIOT aTo.il Benuqmru. 

B TpeTLeM paa,11ene (YI-YIT rnaBH) ,11HccepTan»n na11araIOTCH peaynL
TaTu pa60TH no coa,11aHlllO uarHHTHoro nonH aneKTpOHHO.il MO,llene KOnL
neBoro npOTOHHOro n0KnoTpOHa C EeCTKO.il WOKycllpOBKO.il (SM.KU). 

Paapa60TKa ClillLHOTOqHoro npOTOHHOro ycKOPHTenH "cynepnHKno
TpOH811 " Ha aHeprmo 800 MaB npli llHTeHCHBHOCTli nytnca (IO-IOO) MA 
Tpe6yeT ,11eTaHLHOro nccne,110BaH1iH KaK aqiqieKTOB npocrpaHCTBeHHoro 
aapH,118, T8K ll BOnpocoB, CBHBaHHUX C neo6XO,l\HMOCTLIO CTOnporteHTHoro 
BHBO,lla nytnca • 

~nH peweneH aTnx aa,11aq B Ja6opaTop00 H,11epH1:1X npo6neM Ollill1 6u
na paapa6oTaHa ll B 1967 ro,11y nocTpoeHa aneKTPOHH8H MO,llenL KOnLrte
Boro nuKnOTpOH8 (SM.ICU), napaMeTpH KOTOpott npnBe,lleHH B TaOn01te n. 

ECJIH npe,11nonoXllTL, qTo TOK nytnca orpa110q0BaeTCH a~eKTOM none
petUioro pacTaJiKHBaHllH KynoHOBCKHM noneM, TO COOTHOWeHne Mex,lly TO
KOM B M0,11enupyeMOM npOTOHHOM ycKOpllTene ll TOKOM B aneKTpOHHO.il M0-
,11enu MOlKHO aanucaTL B WOpMe 

lp = HPL12p 
it HeLlle 

(8) 

r,11e /J.Z- BNCOTa nytnca. 
Cpe,11Hee BHaqeHlle MarHllTHoro nonH SM.ICU Ha pa,11uyce llHmeKitllli BH~ 

qpaHO paBHHM H =14 3; ecnli npliHHTL Hp=4270 3, /J.2p=2A2e, . 
Lp=I00 MA, TO AM M0,11en0poBaHHH ai»weKTOB npOCTpaHCTBeHHO;O aapH

,11a He06XO,llHMO B SM.ICU nonyqliTL TOK ycKopeHHUX aneKTPOHOB Le=0,7MA. 
Tpe6yewe aaBliCllMOCTll cpe,11aero MarHHTHOro nona H(~) ll aMilllliTy,l\H 
rapMOHHKli H8('Z) OnllCHBaIOTCH BblpameHHHlirn (J) H ( 4) • TOqffOCTL WOP
MlipOBaHliH cpe,11Hero nonH np0 MaKcHMamHoM Ha6ope aaepr0n aa o6opoT 

2eV0=I ,5 KaB ,l\OlllitH_a cocTaBMTL .AH/H= ± 2,5•I0-3• , 

3'} B.IT.,lll[enenoB, B.II.~HTpneBCKH.il, B.B.KonLra. 
P9-7833, Ol1Hl1, ~y6aa, 1974. 

10 

"\, 

Ta6n01ta II. IlapaMerpu aneKTpoHaon Monenn KonLueBoro u0Kn0Tp0Ha 

SHeprna ycKopeHHblX aneKTpOHOB 

SHeprHH Hlll!teKitllli 

Pa,11nyc HHllteKrtllH 

Pa,11nyc KoHeqHo.il op6nru 

Pa,110yc, COOTBeTCTByJO~li.il 
6ecKOHeqffO.il aHeprnu 

HanpHEeHHOCTL MarHliTHOro 
nonH B rteHTpe 

HanpHEeHHOCTL MarHliTHOro 
nonH Ha pa,11nyce liHxeKrtnn 

IlepliO,lllitJHOCTL CTpyKTyp~ 
MarHliTHoro nonH 

Pa,11nanLHU.il mar cTpyKTypbl 
MarHliTHOrO nonll 

Bap0an0a nonH Ha KOHeqHOM 
pa,11nyce 

qaCTOTa 8KCll8nLHblX Kone6SHH.il 

qaCTOTa pa,11HanLHblX Kone6aann 

MaKCHMBHLHH.il Ha6op aHeprliH 
aa o6opoT 

EK = 408,8 KaB 

E0 = 5,7 KBB 

Zn= IB,O CM 

ZK= I00,7 CM 

Zo0= I2I ,23 CM 

Ho = 14,06 3 

H('lu)= 14,0I 3 

N = 8 

,t = 8 CM 

£ ( Z K) = I ,062 

Qz (z) = r,1~:55 

I,04~Qz~ 2,0 

2 eV
0 

=I,5 irnB 

Coa,11aHlie Tpe6yeMo.il KOHWlirypartllli MarHliTHOro nonH :meKTPOHHO.il 

M0,11enn ItHKllOTpoaa OCj'llleCTBmieTCH ABYMH HeaaBHCHMb!Mli CliCTeMaMH 06-

MOTOK - rapMOHliqecKO.il H KOHneHTpliqecKott. 

Tpe6yeMall 38BliCliMOCTL aMnnnTy,l\H OCHOBHO.il rapMOHllKli nona B,l\OllL 
pa,110yca coa,11aerca aa cqeT naMeHeHlill BepTliKanLHoro aaaapa 2h MSEAY 
BliTKaMli rapMOHnqecKO.il o6MOTKH, npe,11cTaBnHIO~en co6ott CllCTeMy ,l\Byx 
CHMM8Tp0qao pacnonoxeHHblX OTHOCliTenLHO cpe,11He.il nnoCKOCTll ycKOpli
TenH np~BO,l\HliKOB, ynOE8HHblX no llllHlillM cn0pann ApxHMe,lla Ii ,11yraM 
OKpymHOCTe.il Rr H R2 (p0c.4). B1,16op napaMeTpOB aap0anHOHHOi1 o6MOT
Kl'I npOBO,l\HJICH C IlOMOllU,IO pacqeTOB no aHaJillTHqeCKllM cpopuy11a.y Ha 3BM 
MarHRTHHX no11en ~HR 38,11;aHHOR KOH!pllrypannn TOKOBOA OdMOTKH, a TaK
xe ,11118 6ecKOHeqHon cncTeMH npHMORHHeAHHX TOKOB. 
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Pnc.4. Ilom:ic MBrHHTHOil CHCT8W SMial. 

~OpMHpOBaHHe CP8'AHero noJIH B 8B'ABHHHX ~onycitaX OCYJ!t8CTBJIH
nocb C noMOmbID 13 aKCHBJII,HO-CHMMerpn'IIHl:lX 06MOTOK rpy6ott KOppeK
nnn. Onpe'AeneHne H806XO'AHMHX BexnqnH TOKOB B 8fHX 06MO!KBX npo
BO'AHllOCb Ha 8BM M8TO'AOM HaHM8HbWHX KBa'ApaTOBo 

IlepBaH rapMOHHKa pa'AHBllbHOtt KOMllOH8Hn.I noJIH, BennqnHott 0,1328, 
o6ycnoBneHHBH MBrHHTHHM noneM Beuxn, 6Hna CKOMn8HCHpOBBH8 'AO aHa
qeHHH 0,016 a BO BC8M 'AHanasoHe·pa6oqnx PB'AHYCOB sa cqeT 'AByx nap 
BSBHMHO neplleff'AHKYIDIPHW: npHMOHHHettmnc npoBO'AHHKOB C O'AHHBKOBUM 
HanpaBneHneM roKa, pacnonaraeMHX napaxneJII,HO cpe'AHett nnocKocTn 
MO'A8HH. 

Ha pnc.5 no:icasaaa ~ororpaqina cne~a nyt1:ica, nonyt1eHHaa Ha KBap
ueBott MHmeHH, nepeuemaeuon no p~nycy KOHLneBoB 30HH ycKopnrenn. 
IlyqoK 6es CYJ!t8C!B8HHHX noTepb npOXO'AH! 'AO npe'A8JII,HOro PB'AHyca H 
paSMHBaeTCH B soHe pa'AHYCOB (106-108) CM. MnHHM8llbHOe yCKOpHromee 
Hanpa~eHne Ha 'AYBHT8 B aKcnepiweHTe COCT8BIDIHO 0,7 KB, qro COOT
BeTCTByer 600 ocloporau nyt1:ica ycxopae:i.mx .anexrpoaoB, aeoclxoAHMHM 
AHR AOCTHXeHHH HMH KOHeqHoro p~nyca. BepTHKMLHHR paauep nyq:ica 
ll.~ Ha clonLmen qacrn p~nycoB He rrpeBHmaer 5 MM. 
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Pac.5. Cxe'A axeKrpoHaoro nytma Ha ~nyopecnHpym•eA 
MHmeaa, nepeKeutBeMott B'AOHb pa'AHyCB. 

Ha ocHOBBHHH noxyqeHBHX pesym,raroB aKcnep!DlearaJII,HOro nccxe
'AOBaHrm nytma B Bn8K!POHHOtt llO'A8llH llOlltHO C'A8llarb BHBO'A O BOSMOS
HOCTH ~OCTHZ0HHH TOKa IlytlKa BennqHHOA (300-400) KA B rrpOTOHHWC 
ycxopnrenax Ha 3HeprHD 800 MaB. 

KaK yrrounHaXOCb BHme, B yCKOPHT8JII,Bla: ycraHOBKax C Bapoonuett 
MBrHHfHOro noJIH (nHKXO!pOHBX, ipaaorpOHBX) npn yM8HbW8HHH rxy6mm 
Bapuannn B'AOXD pa'Anyca ycKopnreJUI nponcxo'Anr pacmnpeHne aaMKHyrwt 
opclnr, qro uoxer 6H!b HCll0JlI,SOB8HO 'A~ aqxpeKTHBHOro BHBO'A8 'IJBC!lill{ 
es ycKopnrexett c 6oxbmoa (S~l) BexnqnHott Bapnannn warHHTHoro nolm. 

nxa 5KCneplUl8HT8JII,HOro HCCX8'AOBaHHH aroro aqxpeKra H8 axeK
TPOHHOtt MO'A8XH KOn~eBoro nHKnorpoHa COS'ABHa cncreMa, llOSBOXHJD
maa perynnpoBaTL xapaKrep nsMeHeHnH Bapeanan Ha KOHeqmlX PB'AHycax. 

,Jlm:1 oclecneqeH1111 npnpocra p~nyca opclHTH Ha BennqHHY A "'t =3 ex 
H80clXOAHMO C~OpMHpOBaTL BapnanHD uarHHTHOro nons Ha "l. .=97,5 Cll 

rax, qroclH nponsBOAHaH Bapnannn BAORL p~nyca cocraanana Bennqn
HY - 2,8 3/cM npH npHMepHO IlOCTOHHHOtt ~aae WKCHuyMa OCHOBHOA rap
MOHHKH nona. Kpoue Toro, H30xpOHHOe wrHHTHoe none ~ORZHO duTL 
C~OpMHpOBaHO c roqHOCTLD 2,5°10-3, a HH3mHe rapMOHHltl! nona He 
AOUHH npe·Bumau BenHqHH H.Il=O, 05 3, H2L=O, 15 3, Hn_=O, DI5 3. 

Heo6XO'Atnrnil Cll8'A aMnHHTy]!ll 8-tt rapMOHHKH llOJIH 'AOCTHrancH C 
noMOWL~ 'A0IlOHHHT8HbHOil BapeanHOHHOff 06MOTKH (pec.4), BllllOHH8HHOff 
ns 'AByx BeTBeil, C'ABHHyTHX Ha noxnepno'Aa cncreMH (22,5°). c nporn
BonoxoxHHMH HarrpaBR8HHHMH TeKYillHX B HHX TOKOB,TaK qro rrpn ycXOBHH 
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~eHTHqHQCTH aunonaeHH.FI 3THX aeTaea cpe,JtHee none OT OOMOTKH paBHO 
Hymo. 

Peaym.Taru 8KCnepIDAeHTam.aoro ija6JUOA8HHH a<p~eKTa pacmttpeHHH 
aaMKHYTllX op6HT npeACTaBneHll Ha puc.6,. rAe npuBeA8Hl:l aaBHCHMOCTH 
OT paAHyca: TOKa ti, (pl!KCl1pyeMoro Al1ifxIJepe1Ill11am.Hott MHmeHI,IJ (.1Z= 
=2 MM), H nonHoro TOKa :, (tiZ. =26 MM). 
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P11c.6. a) 3aBl1CllMOCTI, TOKa ycKoperuwx aneKTpOHOB 
OT paAHyca ~nH .ltl1~Wepe1Illl1am.HOfi_Ml1fil8Hl1 
til UIZ =2MMJ 11 1mTerpam.Holl MHmeH11 :f(t12=26uu); 

6) PacnpeAeneHHe nnoTHOCTl1 aneKTpOHHoro 
TOKa no l3blCOT8 ny~a. 

Ms np11ae.1teaaoro pttcynxa a~no, qro ne1rnq1rna !)fl. cocraanneT 
4 cu, rip11qeM :30Ha IlOJIHOro OTCYTCTBH.FI TOKa; na ,JtaHHOM asttuyre pas
Ha 2 CM. TOK nyqxa OT,1ten1,H08 opOHTll (R4=99,8 CM), H8MepeHHll8 HHTe
rpam.Holl MHmeHiill, paBeH TOKY AO MOM8HTa pacm11peHl1H op611Tll, qTQ · 
CBHAOTenI>CTByeT 06 orcyTCTBl1H noTeph TOK8 B npouecce pacmupeHHH· 
aaMKHyrott op611ru. llHrerpan WYHKU1111 TOKa OT paAHyca OTAeneHHoll op-
611Tu, H8MepeHHOro Al1~epeHueanI,HOtt M11meHiiID, T8Kllte paBeH TOKy BHyT
peHHero ny~a. B 3088 nonaoro OTCyTCTB11H TOKa ~=(98-99,8) CM ye.;. 
TaHaBHHB8Il8CI, neperopOAKa C P8AH8HI,HOtt npoTHE8HHOCTI,ll 3 MM. Ilepe
Me~eHHe neperopOAKl1 B yKaaaHHOtt 80He He BHecno H8MeHeH11tt B BenHft 
qHHy CyMMapHoro TOKa, HaMepHeMoro Ha R4=99,8 CM. Ha p11c.66 noKa-
88HO pacnpeAeneHHe nnoTHOCTH qaCTHU no BepTHKanH, CHHTOe C noMO~I,I) 
MHOronaMem.Hott M11mea11. BHAHO, qro a<p~eKT pacm11peHruI conpoBOEAaeTCH 
HeKOTOPllM ym11peHHeM nyqxa !10 BepTHKane. 
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B qerneprou. paaAene ,JtHccepTaueu onucaHH peayn1,raru no paapa-
60TKe MarHl1THOtt Cl1CTeMU 11 ~OPMHPOB8Hl1ID llOHR eaoxpOHHOro U11KHOTpo
H8 Y-I20M AHR ycKopeHHH P, ci, a.. ,Hei B mHpOKOM AHanaaoHe 8Hepr11u. 
MarHHTHOe none ycKOpl1TeHR ~OpMHPOB8HOCI, C noMO~ID CHCTeMU_ cnupam,
HUX mHMM H KOHU8HTpHqecKHX OOMOTOK, pacnonQEeHHUX B aaaope M8ZAY 

KPllmK8MH KaMepu, paBHOM 22 cu. 
Aaanea ABllliteHHH qacruu B uearpanI>Hoil o6nacru 11 11ccneA0Baa11e 

WOKyc11pym~mc CBOllCTB cnHpanI>HOtt CTpyKTypu M8PHl1THOro nona n0Kaaa
n11, qTQ OllTlfManLHUM nannetcn BUOOp cnlfpanLHOCTH l_ =4, 5 CM npH ti =4. 

Bu6op KpyTocn11panI>Hott CTPyKTypu noHR noanon11n orKaaaTI>CH or 
11cnon1,aoBaH11H'rpOM08AKHX Bap11au110HHUX 06MOTOK. TaKaH B08MOXHOCTI, 
OCHOBUBaeTCH Ha m11pOKOM AOnycKe no 8KCl18HhHOtt ~eCTKOCTl1 qaCTHU 
(0 < 0.1, ~ 0,5), qto M~XeT Oun 1tcnon1,soaaHo ,1tn11 paOoru npH pas
n11qHUX HHAYKU11HX uarHl1THOro noHR. IlonyqeaHUtt HHTepnan MarHl1THUX 
nonett H=(I0-18) KS COOTBeTCTByeT 8TOMy AOllycKy. 

~HR 06ecneqea11a aKc11am,aott woKyc11poBK11 ·aaaop MeEAY cnttpam,
auwi m1twauu, np1tantua a ueatpan1,aoa oOnacrH paiiauu 2hr=8, 2 cu, 
c poctoM pa,1t1tyca yaen1tq11aaetcn ,JtO 2h1=II,2 cu. TaKan KOHq)Hrypau11n 
mHMM noanon11na pa8M8CTl1TI, B 6on1,moM 11HTepBane P8AHYCOB KOHUeHrp11-
qecK0e 06MOTKl1 C MHHHM8IlhHUM aaaopoM UOX,Jty HHMl1. 

IlapaMeTpll uarHHTHO~ Cl1CTeMH UHKHOTpoaa 6unH BU6paau Ha OCHO
BaHHH 6on1,moro o6~eua MOAeniiHUX 0ccneAOBaHHtt.0 q11cneHHUX pacqeron 
ueTOAOH ceroK uara0raoro noHR cn0pan1,HUX mHMM paaHux KOH~Hrypa
UHtt. IlpeAnoxeHill:ltt cpoco6, 11cnon1,aym~Hil cneu11am.Hl:le-8KCH8HI,Hlle na-
8ll B cn0panI>HUX mHM.11ax,.- OKaaancH AOC!raroqao aqigleKTHBHWI AHR yMeHI,
meHHH B necKom.Ko paa oraoc0Tem.Horo paa6poca cpeAHero noHR B 
uearpam,aott o6nacru np11 HaueHeHHH BHemaero noHR B aaAaHHUX npeAe
nax (I0-18) K3. 00111tta BH.Jt HlfJ:Hero nonDcHoro naKoneqalfxa noxasaHu, 
Ha pee. 7. 

~OPMl1POB8HHe H aaan0a .11arHHTHOro nona YCKOPl1T6IlH npoBOAHHUCI, 
;!{HR rpex ypoBHett B086Yi[A8HHH OCHOBHOtt 06.llOTKH aneK!rpOM8rHHTa:: 
Io=GIO, 350, 175 A, COOTBeTCi'BYIJIIIIDC nonyqeHmo 8Hepr110 npoTOHOB 
EK=39,9; 30,0; 13,0 MaB Ha KoHeqao.11 paAHyce zK=5I CM. AHan11a oc
HOBHUX xapaKTepHCTHK uarHHTHOro nonH UHKnorpoaa, cwopMHpOB8HHOro 
C nouo~I,I) ~eppoMarHHTHUX aneMOHTOB .11arHHTHOtt CHCT6Mll B aaaope 
aneKTpouara0ra,noKaaan, q,:o .11aKc11Mam.autt paa6poc cpeAHero uarHH!r-
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HOrO noJI/1 OTHOCIU8JII,HO xapaKtepHon toqKI! '"(.. =16 CM coctaBJI/leT 

200 B D neHTpe u 1000 B Ha KOHe'tllloM pa'AHyce ZK=51 CM. 

B pesynuate cpop1mpoBaHlrn ,rnoxpoHHoro cpe.nHero MarHHTHoro 
non/I C nOMOJl1l:,l) TOKOBllX OOMOTOK OTKJIOH8Hl1ll IlOJl/1 OT tpeOyeM!lX SaBH
CIIMOCTett B neHTpaJII,HOlil O()JiaCTU z<: 4 CM COCT8Bl1JIH BeJIHql1Hll :3• 10-? 
a B 'AHanasoHe pa'AIIYCOB Z=(4~5I) CM OTKJIOHeHIIH He npeB!lfil8JIII 
it, 10-4 OT Tpe6yeMllX, Pactieru qiasonoro pelltll!Ja pae50T!l ycKOpHTOJIH 

noKasanu, tITO CMeD1eH11e qiasH nyt!Ka OTHOCIIT6JII,HO ycKOpHIOJl16ro Hanpa
llteHllH He 6YA8T npeB!lID8T:E, ±5°' a nonytieHH!,18 xapa1,Tep11CTIIKII npocT
paHCTB6HHOR ycToilqnBOCTII tiaCT~ Qz n · Qz dy.nyt naXO)lHTI,Cll B 

sa.naHHllX npe.nenax, 
nanee OC5CYJK'A8IOTCfl Bonpocu 'AOilyCKOB Ha SJieMeHTll MarHIITHOtt cn

CT6Mll. IlpnBO'AHTCH pactieTH!le II sKcnepllMeHTaJil>Hlle oneHKll B03MYJl1eHHlil 
uarHIITHOro noJIH, 06ycJIOBJieHH11e xapaKTepHblMII OTKJIOHeHIIHMH OT sa
'AaHHllX napaMeTpOB npu 11srOTOBJI8Hllll MarHllTHOlil CIICT6Mhl UHKJIOTpoHa. 

B nocJie'AH6M naparpa~e 3TOtt rnaB!l.Kp8TKO OilHCSHll pesyJil>T8Tll 
pactieTHOro ll 3KCnepllMeHT8JII,HOro IICCJI6'AOll8HHll B03MOlltHOCTII npllMe
HeHllfl 3JI6KTPOM8rHHTHOlil ceKUIIII B CIICTeMe BllBO'A8 ny'llia ll3 U11KJIOTpo
H8 Y-I20M. IlpHBO'AflTCfl pesyJil>TSThl MO'A8JII,HOro HCCJie'AOBSHIIH MaKeTa 
llt6Jl83HO-TOKOBOtt ce1tnn11, ocoe5eHHOCTI,IO KOTOpolil HBJlfl6TCH Q()MOTK8 ll3 
aJIIOMHHlleBoro npOBO'AHIIK8 C OKCll'AHOR 1130JlflUllelil, oe5ecneqnB810Jl16H Bll
COKlle 3KCilJiy8T8UIIOHHHe xap8KT8pllCTIIKII B IlOJIHX P8'A118UIIOHHOro 113Jiy
tI6Hllfl • 

~11311tI8CKlltt sanycK ~aoxpOHHOrO UIIKJIOTpOHa Y-I20M OCYJl16CTBJieH 
B IIIOH8 1976 rO'A8 'AJIH 'Allyx pelltlWOB ycKopeHHH npoTOHOB: Ep=40 MsB, 

Ep=30 MsB. 
liCCJI8'AOB8HIIH xapaKTepllCTIIK nyt!Ka (p11c.B) IlOK88aJI11: 
I) norepH nyqxa no pa.itHYCY OTCyTCTBYDTj 
2) BepTIIKSJil>Hllll pasuep nytIKa COCT8BJIHeT ~5 uu; 
3) OTKJIOH6Hlle neHTpa IlytIK8 OT CP8'AH8il IlJIOCKOCTII ycKop11TeJIH He 

npeBblmBeT ±2 MMi 
4) CM8D1eH11e neaTpa op6llT H8M8HH8TCH B IlP8'A8Jl8X (0,5-I) CM, 
naHHhle xapaKTepHCTIIKll nytIKa xopomo COOTBeTCTBylOT Olltli'A86MhlM 

pesym,TaTaM, IlOJiytI8HHhll4 H8 8HaJill88 CqJOpMllpOBaHHOro MarHIITHOro no
JIH. 
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Pac.a. XapaKrepHCTHKH ycKopeHHOro nytnta npoTOHOB. 

0CHOBfW6 pesy.JII,TS!r!il pa6or, H8:IIOllt6HfWX B ;ltHCCepraztHH, uoryr 
6urL c@op.uy:110poBafW one;ztylllltHll o6pasou: 

I. lJIH coopYJteHWI nporoaHHX ItHKneqecKllX ycKop0re:11ett Henpe
p:irnaoro 0:110 KBa3RHenpepuBHoro ;zteacrBWI Ha uame (:zto IOO MaB) H 
ope;ztHHe (;zto 800 MaB) aHeprHH Heo6XO;ztl!MO RCll0.JII,80BarL CTpyKrypH 
uarHHTHoro nrom c npoorpaHcrBeHHotl Bapimztmea. · 

2. OnpeAerum~m, rpe60Baa0eu npR Bu6ope crpyKrypu uaru0raoro 
noJIH, aapa;zty c o6ecneqeaueu npocrpaacrBeaaoa H @asoBott ycrottqHBo
cru, HBJIH6TCH BHCOKoa<fx!ieKTHBHHI BUBO~ n~Ka R3 K8.Uepu ycxopHTCHR. 

3. Paspa6oram HOBUe U6f0;ztl!KH pacqera H @0Jll,IHPOB8HHH uarHHf
fWX no:11ea :ztmi ItRKn0qecKllX ycKop0renea, o6ecneqHBaD.ll!He ycrottqHBoe 
esoxpoHaoe ycKopeume B mmpoxott o6nacre aaeprua. 

4. IlpoBe;zteu Kounnexc pacqerma: e axcnepm1earan~HI\IX pa6or no 
060CHOB8HHn CTpyKTypu uarHHfHOrO llOJIH @asorpoaa C npocrpaHCfBeH
HOtt Bapuaztuea (ycraaoBKa "~"), Bu6opy napauerpoB uaraaraoa c0cre
uu ycKopureJIH H @opuupoBaHRD nomi: na uo;zte:110 cucrew. PexoHcrpyK
ItRH ;ztelcfByn~ero cumcpoztHB:IIO!POHa OIDIH (Ep::680 MaB, i =2,3 llKA) 
B @asorpoa 06ecneq0r TOK ycxopeama npO!OBOB Lp=SO uJ, qro npH 
paapa6oraHHOI CRCreue BUBO;zta ny'QKS (~70%) yB8:IIHqur ll:IIOfHOC!R nyq
KOB BTopeqgux qacrHit B COfHH pas. 

5. Hccne;ztoBaH, nyreu qucxeaHoro uareuaraqeoxoro uo;ztenapoBa
HHH Ha SBM, pereneparl!BHUtl uero;zt pacKatntH pa:ztHa:IILHHX Kone6aHHtt 
qacrHit B soae BUBO;zta @asorpoHS. Ilo:11yqem onrHUa:IILHHe napauerpu 
;it:IIH on:y-qaa ;ztByx (Boa6y;zt0!re:1IL,pereueparop) H rpex (+ ;ztono:1IHne:1IL-
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aua pereaeparop) :IIOKan:LHUX H60;ztHOpO;ztHOCTett nomi:. llaKCID(S.JII,HaH a@
~eKTHBHOCTh 3a6poca qacrmt B KaHM COCTaBHHa 68% ~:IIR 3MHTTaHCOB 
u0peynHpyn111ero nyqxa, paBmx l~ =500Jnoc•MP~, f,e. •20Aol•up~. Ilo
xaaaHo, · qro npH yueHhmeHHH 3MHTTaHCOB (nyreu, HanpHuep, $OpWfpOBa
HHR n~Ka B ueHTpaHhHOI 06nacr0) B03MOEHO CYDt8CTBBHHoe YBBHHqeHHe 
3(fxpeKTHBHOCTH BHBO~a. • 

6. Ilpe;ztnozea, paapa6oraH R aKoneplD(eHranLHO 0ccne~oBaH 
3:II6KTpouarHHTHHI KaHM HOBoro THna C TO:IID!RHOI cenryua, paBHOI 4w. 

7. PemeH mRpOKRll xpyr BOnpoCOB no paapa6o?rKe uarHRTHOtl CRC
reuu anexrpOHHOll UO;zt6:IIR ItRK:IIOfpoHa C EBCTKOI @oKyCHpOBKOI (8WU1), 
06eoneqHJ1an111ea COS;ztaHHe uarHH!HOro llO:IIH yoxopH!B:IIH, MaKcHUam.HaH 
BenHqHHa KOTOporo cocraB:IIH6f H8CKO:IILKO ;zteCHTKOB apc!e;zt npa ;ztonyo
Ke, paBHOU ;zt6CHTWI ;ztO:IIHM npozteH!a. Ha OCHOBaHRH pesy.JII,taroB BK
cneplD(6H!a:IILHOrO 0ccne;ztOB8HRH Ha 3:II8KTPOHHOA UO;zten:H 3~6K!OB npo
C!PSHOTB6HHOro sapa;zta noKaaaHa npHHit141IR8:IILHSH BOBMOlltHOCTL ;zt0CTH
E8HHH !OKOB B npO!rOHHWC YCKOPRT8:IIHX B8HHqHHOI (300-400) MA npH 
aHepr00 AO I raB. 

8. Paspa6oraHa c0creua @opuapoBaHHH cnenimm.Horo saxoHa aa
ueHeHHH BapH8ItHH IlO:IIH Ha KOHeqaux pa;zteyoax aneK!pOHHOA MO;zt61l:R 
KonLiteBoro nHKnorpoHa :zt:IIH 0ocneAOBaHRH ailxIJeKra pacmmpeHHH saMKHy
rux op6Hr B ycxop0rene. BKcnepRMeHra.JII,HO noKasaHo, qro aror Bq>
~eKT MOEeT 6HTh HCilOHh30BaH AnR 100%-Horo BUBOAa n~Ka H3 UHMOT-
poHOB c rnyOoKOI BapHau0el nona ( E- I). · 

9. IlpoBe;ztefW paoqerme R U0;1{6.JII,HU6 HCO:II6;l{OB8HRH no Bu6opy 
napauerpoB uarHRTHOA OHCT6UH HBOXPOHHOro URK1l:O!pOH8 Y-I20M Ha 6a
ae anex!pouarHH!a Knacc0qecKoro URKnotpona Y-120 ;ztmi: ycxopeuID.1 Pr 
d,-ol-tJaOTHit H HOHOB He12 B mRpOKOJil :ztimnaaoHe BHepraa: 
Ep={I2,5-40,0)llaB; Ei=(8,4-20,3)MaB; E.l=(I6,8-40,6)MaB; 

Elie+~ =(I6,9-54,4)MaB. 
IloxaaaHo, qro MaKCID(8.JII,HU6 SHaqeHRH R AHanasoH auepraa ;ztJIH qacTHit 
3~aHHoro THna npH OTHOCHT6HbHO KMOM ~HaJLeTpe llOHDCOB 3H6KTpO
uarHera (jI20 cu) C!anH BOSMOZHWIH 6es llplD(6H8Hlffl BapR8ItROHlWX 
06KO!OK 1 6naroAapa RODO.JII,30B8Hlm Kpyrocnepam,HOA C!pyK!ypu uar
HRTHOrO llOJIH. 

IO. OcyiqeorBneH ~uaaqecKBI sanycx nwcnorpoHa Ami ;ztByx pesa
uoB ycKopemm ttpOTOHOB: Ep=40 UaB e Ep=30 UaB. 

0CHOBfW6 M8!6pHlUIH ;D;BOcep!aitBR ony6nl!KOBafW B BQe npenpHH!OB 
R coo6~6HHA OIDIB, O!arei B rpy;n;ax BC600D3HUX COBe~aHHtl R M8E,l!y-

Hapo~HHX KOH$epeHUHI. 
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