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BBene.IIne 

B Ka'leCTBe ¢yHKUHH pacnpeneneHHSI HCTO'lHHKOB nsny'le.IInst o6bi'lHO 
/1 2/ 

npHHHM8IOT 1 pacnpeneneHHe no KaMepe nnn HOHOnpOBOllY BTOpH'lHbiX 

'l8CTHU1 o6pa30B8HHbiX B pesynbTaTe B38HMOlleil:CTBHSI npOTOHOB CO CTeHKa

MH KaMepbl H C MHIUeHSIMH. Ka'leCTBeHHaSI KapTHHa !flopMHpOBaHHSI ¢yHKUHH 
/3/ 

pacnpeneneHHSI HCTO'lHHKOB SO ( z) no a3HMYTY Z paCCMOTpe.IIa B pa6oTe • 

Ha OCHOBaHHH 9TOil: pa60Tbl MO)KHO sanncaTb: 

( 1 ) 

rne S m( z)- !flyHKUHSI, o6ycnoaneHaaSI noTepSIMH npoTOHOB nocne asanMoneil:-

CTBHSI c MnmeastMH npn sHeprnn Eo ; Sc ( z) == ,f S (Eo, z) dE o - !flyaKUHH, 

o6ycnoaneaaast noTepstMH npoToHOB B npouecce ycKopeHHSI c ~epeMeHaoil: 

saeprneil: E ~ •. 

I1HTerpanbi no z ¢yaKunii pacnpeneneHHSI nponopunoHanbHbi noTepstM 
/2/ 

npOTOHOB • llpn pa60Te C BHyTpeHHHMH MHIUeHSIMH: 

(2) .. 

rne am, a c - Kos!fl!flnuneaTbi nponopunoHanbHOCTH, L m• L c - HHTerpanbi 

no Z COOTBeTCTBYIOUlHX !flyHKUHii pacnpeneneHHSio 
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B aTOM cnytt8e S 0 ( z) MomHo rrpHHHM8Th no pe3ynhTaT8M II3Mepe- · 

Hllii 
/2-5/ 

HHTOI"p8nbHhiMH AOTOKTOp8MH 38 BpeMSI t( . ) » t ( ) 
H3Mep, UHKn, 

Opn a<P<PeKTHBHOM BhiBOAe nyttK8 rrpeHe6pei'aTh <iJyHKUIIeii S c ( z) 

Henh3SI, 3TO O'IOBHAHO ll3 CnOAYIOIIIOI'O Bb!p8)KOHIISI! 

L 0 = J;;"[ ( 1 - Tf ) + X ] ' (3) 

I'Ae Lo- nonHoe ttucno noTepstHHhiX npoTOHOB 38 UIIKn; I o - cpeAHSISI HH-

TeHCHBHOCTh B KOHUO YCKOpOHllSii Tf - a<iJ<iJeK:IIBHOCTh BbiBOA8 IIY'IK8i 

)(: =a c L c I a m Lm • H8rrpHMep, npn Tf = 0,95 n X;; 0,3 (eM, p86o-

/6/) . 
Ty . P8AH8UllOHH8SI o6CT8HOBK8 B6nH31I KOnhU8 YCKOpiiTenSI 6yAeT o6ycnoB-

neH8 noTepstMII npoToHoB B npouecce ycKopenust. T8KIIM o6p830M, npu Bhi

BOAe IIY'IK8 H8AO 3H8Th OTAenbHO BCO 4JyHKUHll 1 BXOASIIIIHO B Bblp8)1{0HII~ ( 1 ) • 

B H8CTOSIIIIei1 p86oTe rrpeAnpHHSIT8 rronhiTK8 nonyttiiTh <PYHKUHIO p8c

npeAeneHHSI 'Sc (EO , Z ) 9KCrrepHMOHT8nhHbiM rryTeM H c4JopMIIpOB8Th IICTO'I

HIIKH II3ny'IOHIISI AnSI pem!IM8 MeAneHHOI'O Bb!BOA8 rry'IK8 H yBenJf'IOHIISI IIH

TOHCHBHOCTII CHHXpO<lJ830TpOH8, 

3KcrrepHMeHT8nhH8SI 8nn8p8TYP8 

ltJyHKUIIIO Sc ( E 0, Z ) HOB03MO)KH0 ll3MepHTh C IIOMOIIIhiO HHTel"p8nh-

HblX AOTOKTOpOB 1 II09TOMY 6bin8 p83p860T8H8 "CncTeM8 KOHTpOnSI IIOTepb 

'I8CTllU" (KOl.J) 1 COCTOSIIII8SI 1!3 CUIIHTnnnstUHOHHb!X A8T'IHKOB1 yrrp8BnSIIOIIIOH 

. H C'IOTHOH 8nrr8p8Typb!, 

C IIOMOIIIhiO CIICTOMbl KOl.J MO)KHO B rrpouecce yCKOpOHHSI rrpOTOHOB 

ll3MepstTh 'IIICno BTOpii'IHbiX 'I8CTHU B 10 BpeMOHHblX IIHTepB8n8X C 38A8HHOH 

AniiTOnhHOCThiO OT 10 AO 300 MCOK, 

H8tt8no oTctteT8 BpeMeHHhiX IIHTepB8nOB 38A8eTCSI "nMrrynhcoM: HHmeK

uun" C rrepeMOHHOil: 38AepmKOil: OT 200 AO 2000 MCOK C 1118I'OM 200 MCOK, 

4 

0AHOBpeMOHHO CO BCOX A• 

Tenst, onpeAensteTcst ctteT 

BO BTOpOM IIHTepB8ne 38 

I'OKp8THO B OAHOM BpeMe 

EnoK-cxeM8 cucTeM 

HO p83MOIII8Th no KOnhUY 

BKniO'IOHHb!il: B CXOMY COE 

'I o • Cui'H8nhi c A8T'IIIK< 

4JopMnpoB8Tenn 2!1>100 (n 

H8 nepec'leTHbie cxeMhi. 

Kn8n8Hhi-BopoT8 np 

BXOA KOTopoil: noA80TCSI C 

(38A8IOIIIOI'O BpeMOHHbiO I 

c 4JopMnpoB8Tenst. Cul"H8: 

Hb!X CXOM 1 MIIHYSI Knarr8H 

neHThi uu4Jponett8T8IOIIIHX 

AYCM8TpllB80TCSJ: p860T8 ' 

.lJ.8T'IllKll COCTOSIT ~: 

Tep4Jennn8 n POPOP), c 

ll KOmyx8, CUIIHTnnnstTOp 

CBOT0381111ITHbiM KOnii8'IKC 

KOM H8XOAIITCSI CB OTOAIIC 

ycKopnTenh ocT8HOBnen. 

.lJ.eTeKTOp AOnmeH f 

MY IIOTpe60B8nOCh OTBOC 

CBOTOBOA AniiHOil: 180 Ct.< 

CT8nu II OAHOI'O cnost rre] 

B M8I'HllTHb!X rronstX. C Hf 



· no pe3ynhTaTat.{ H3t.{epe- · 
/2-5/ 

) »tc > • .rep. UHKn. 
8Th tf>yHKUHeiL S c ( z) 

(3) 

UHKnj f 0 - cpeaHSISI HH-

IOCTb BbiBoaa ny'IKa; 

l5 u X"' 0,3 (Ct.{. pa6o

ycKopuTenSI 6yaeT o6ycnoa

TaKHI\{ o6pa30t.{ 1 npu Bhi

xoaSimue B BbipaJKeHue ( 1 ) • 

~ony'IHTb tf>yHKUHID pac-

!M ll ctf>opMHpOB8Tb llCTO'I

ny'IKa u yaenu'IeHHSI ua-

paTypa 

~b C nOMOUlbiD llHTei'panb

~TeMa KOHTpOnSI noTepb 

itaT'IHKoa, ynpaanSiromefi 

e ycKopeHHSI npoTOHOB 

>IX llHTepaanax C 3aaaHHOfi 

1eTCSI "uMnynbcoM: HHlKeK

:ex C Ulai'OM 200 MCeK. 

OaaoapeMeHHo co acex aaT'IHKOB, pacnonoJKeHHhiX no nepuMeTpy ycKopu

TenSI, onpeaenSieTCSI c'IeT a nepaoM HHTepaane 3a nepahifi UUKn, 3aTeM 

BO BTOpOM llHTepaane 38 BTOpofi UUKn II T.a. MolKHO U3MepSITb C'IeT MHO-

I'OKpaTHO B oaHOM BpeMeHHOM UHTepaane 3a HeCKOnhKO UUKnOBe 

EnoK-cxeMa cucTeMhi noKa3aHa Ha puc. 1 • .llaT'IUKU MOJKHO npou3aonb

Ho pa3MemaTb no KOnhuy ycKopnTenSI. .llaa 113 Hux o6pa3yroT TenecKon, 

BKniO'IeHHbifi B CXeMy COBnaaeHHfi, anSI MOHHTOpUpOBaHUSI HHTeHCUBHOCTU 

I o • Cni'Hanbi c aaT'IIIKOB c aMnnnTyaofi He MeHee 0,3 a nocTynaroT Ha 

¢opMnpoaaTenu 2<1>100 (nopoi' 0,1 a), a 3aTeM qepe3 KnanaHhi-aopoTa 

Ha nepec'IeTHbie cxeMhi. 

KnanaHbi-BopoTa npeacTaBnSIIOT co6ofi cxeM:y coanaaeauti, Ha oanH 

BXOa KOTopofi noaaeTCSI CTpo6upyromufi IIMITYnbC C YCTpOfiCTBa ynpaaneHUSI 

(3aaaromei'o apeMeHHhie HHTepaanbi), a Ha apyi'ofi axoa nocTynaeT CUI' Han 

c ¢opMupoaaTenSI. Cui'Han oT Ten.ecKona nocTynaeT Ha oany 113 nepec'IeT

HhiX CXeM, MUHySI KnanaHbi-BOpOTa. floKa3aHUSI C nepecqeTOK BhiaaroTCSI Ha 

neHTbi uu¢pone'IaTaromux MamnH~ ITpu 6onhiiiOM o6'beMe ua¢opMauuu · npe

aycMaTpuaaeTcSI pa6oTa cncTeMbi c 3BM B pelKUMe "on-tine f' • 

.llaT'IllKH COCTOSIT 113 CUUHTUnnSITOpa (nonUCTUpon C ao6aaneHUeM 

Tep¢eHuna u POPOP), caeToaoaa 113 n~eKCUI'naca, <ll3Y-36 c aenuTeneM 

ll KOlKyXa. CUUHTHnnSITOp C auaMeTpOM 3,5 CM ll TOnUlUHOfi 2,5 CM 3aKpbiT 

CBeTo3aUlUTHbiM Konna'IKOM 113 aniOMHHUSI TOliUliiHOfi 0,1 CM. floa Konna'I

KOM HaxoaUTCSI CB eToaUOA An-102A anSI KOHTpOnSI pa60Tbl aaT'IUKa
1 

KOI'aa 

YCKOpUTenb OCTaHOBneH. 

.lleTeKTop aonJKeH 6hiTh noMemeH a6nu3u KaMepbi ycKopuTenSI, nosTo

My noTpe6oaanocb oTaecTu <ll3Y 3a npeaenhi cunhHOI'o Mai'HHTHOI'O nonSI. 

CaeTOBOa anUHOfi 180 CM II SKpaHUpOBKa <IJ3Y 1 COCTOSIUlaSI ll3 3-x cnoea 

cTanu u oaHoi'o cnoSI nepMannoSI, o6ecnequnu yaepeHHyro pa6oTy aaT'IHKOB 
2 

B Mai'HllTHbJX nonSIX C HanpSilKeHHOCTbro 5•10 SpCTea. 

:. 
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~c::Kopumenb 

00 ooo 
ou~o 
o'f ~ \o 

Puc. 1 

6 

menecKon
Mortumop 

r 
Ha puc. 2 noKaaaao 

.cnaxpo~aaoTpoHa B paanu• 

onbiTa (I -'IV). MaKcuMallbH· 

16. YcnoauSI aKcnepuMeHT, 

. "18!0IIlUXC51 TOllbKO pacnonc 

Puc. 2. Pacnono>KeHue lla 
cJ> . - ~OpMai'HUT; TI - MHW 

• - III onbiT; i - 'IV o: 
/),.z = 4 M. 



me.nec:Kon-
J 

MOHlJmOp 

feoMeTpUR U ycnOBUR SKCnepuMeHTa 

Ha puc. 2 noKaaano pacnono)KeRue AaT'IUKOB y BaKyyMHoii: KaMepbi 

. cunxpocflaaorpona B paanu'IRbiX onbiTax. Bcero 6bmo nposeaeno 'leTbipe 

onbiTa (I-IV). MaKCUMaJlbnoe qucno OAHospeMeRRo pa6ora1omux aar'IUKOB -
IS! 

16, YcnOBUR SKCnepuMeHra 5binH OAUH8K0Bbl AnR BCeX OITbiTOB, OTnU-

. '18101llHXCSI TOJlbKO pacnonO)K9ffH9M .ll8T'IHK0Bo 

Puc. 2. Pacnono)KeRHe aar'IHKOB na cnnxpocflaaorpone,' M - MORHrop; 
<fl - cflopMai'RHT; TI - MHIIIellb-nepexsaT'IHK; e -/ OITblT; e - 1/ OITblT; 

t - III onbiT; i - IV onbiT; 1 of 52 - yqacrKH paaaenenuSI KOJlbUa 
llz = 4 M, 
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. C6poc ny'IKa npo113aon11n11 Ha cenTyM !flopMai'HIITa, a Ka'JeCTBe nepe

xaaT'JIIKa BTOpii'IHbiX 'JSCTIIU cny>KIIna IIH9BM8TII'J9CK8SI MIIW9Hb1 KOTOpyiO 

ycTaHaBnllaanll Ha pan11ycax 10, 15, 20 eM oT paaHoaecHofi op611Tbi. Pa3Mep 

3 
MIIW9HII 10x10x15 CM • 

.llaT'JIIKH. 6binll IIOM9lll9Hbl B OKHaX SipMa Mai'HIITa II Ha llpSIMOniiHefiHblX 

. npoMe>KyTKax. B neTeKTop nonanaroT nepaii'JHbie npoTOHbi, npowenw11e cTeHKY 

KaMepbl 6e3 B3811MOnefiCTBIISI1 llpOTOHbl 1 npeTepneBWII9 B Hefi ynpyroe B3aiiMO

nefiCTBII91 a TaK>Ke BTOpii'IHbie 'JaCTIIUbi: HefiTpOHbl1 TT -M930Hbl 1 Y -KB8HTbi1 

110311Tp0Hbl1 sneKTpOllbl II. npyr11e 'JaCTIIUb1 1 KOTOpbl~ o6pa30BaniiCb KaK B 

CTeHKe KaMep.b1 1 T8K H B OKpy>KaiOIUIIX neTeKTOp M8Tep11anax. 

llpll 113M9H9HHII 9Hepi'IIII EO H. Ha11pSI>K9HHOCTII Mai'HIITHOI'O IIOnSI COCTaB 

II CII9KTpanbHO-yi'nOB09 pacnpeneneHHe BTOpii'IHbiX 'JaCTIIU B TO'JKaX neTeKTH

poBaHIISI 6yneT HenpepbiBHO MeHHTbCH. B TSKIIX cno>KHbiX ycnoaiiHX MO>KHO 

cnenaTb TOnbKO rpy6yiO. OU9HKY pei'IICTpaUIIII pa3nH'JHbiX KOMIIOH9HT 113Jly

'J9liiiSI1 npenaapiiTenhHO 3anaBWHCb noporoaofi sHepr11efi per11CTpau1111. 

llopOI'OBYIO 9Hepi'HIO pei'IICTpaUIIII OllpenenSinll 113 ycnOBIISI lliiCKpiiMIIH8-

UIIII II03HTpOHOB pacnana 11 C -> 11B + e+ acnenCTBII9 aKTHBII3aUIIII yrnepo-

na. Ecn11 no311TpoH pacnana yrnepona He per11cTp11pyeTcH, TO noporoaaSI 

9Hepi'IISI nnH llpOTOHOB II TT -Me30HOB COOTB9TCTB9HHO pasHa 14 II 8,5 ~9Be 

C Y'I~TOM pa3HIIUbl KOHB·epCIIOHHOfi s!fl!fleKTIIBHOCTH OU9HIInll IIOpOI'OBbie 9Hep

I'IIH pei'IICTpaUIIII llPYI'IIX BTOpii'IHbiX 'JaCTIIUe 

CneKTpbi npoTOHOB, rr -Me30HOB 11 HefiTpOHOB 6bmH Bbi'JIIcneHbi a npen

nono>KeHIIII OllHOKp8THOI'O B3aiiMOnefiCTBHSI nepBII'JHOI'O llpOTOHa C HnpoM. 

CneKTpanbHo-yrnoaoe pacnpeneneHIIe d2 N I dE dO llpiiHIIManll TaKIIM >Ke, KaK 

171 
a pa6oTe , a IIOH113aUIIOHHbie noTepll snepi'HII 3apH>KeHHbiX 'laCTIIU dE I dt 

/8,9/ 
KaK B • 

B Ta6n. 1 llpiiB9ll9Hbl OU9HKII CT9119HII pei'HCTpaUIIII H9KOTOpbiX KOMIIQ

H9HT H3ny'lenHH. 113 Ta6nHUbi aHnno, 'ITO naT'JHKH a ocnoanoM perHcTpHpyroT 

npoTOHbi H rr -Me30llbi • .llnH pewenHH nocTaanennofi 3ana'IH1 aoo6me roaopH, 
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II'HHTa 1 S Ka'leCTSe nepe-

CKaSI MHllleHb 1 KOTOpyiO 

BHosecHon op6HTblo PaaMep 

'k 
'HHTa H Ha npstMOJIHHeifHbiX ~~ CQ • b ipOTOHbl1 npolllellliiHe CTeHKY ~ ..,.. 

H ~ 
~- ~ 0\ H \.0 .::t • :z: ~liiHe s Hetf ynpyi'oe S3aHMO- t"'- (\J 0 0 \.0 1:1' .. ... ... ... ... :s:: 
~ ... 0 0 0 0 0 H p... 11 TT -Me30Hbl1 y -KSaHTbl1 

0 
CQ E-i 

I!'! o6pa30S~JIHCb KaK S b Ill 

S:/~ 
\.0 \.0 
(\J t"'- co H ttl laTepuanax. ... ... .. • E-i 

H 0 0 0 \.0 (\J 0.. rH Mai'HHTHOI'O nOJISI COCTaS 0 
(,) 

'laCTHU S TO'IKaX JleTeKTH- ~ 0 P-i 
~ [O)I{HbiX YCJIOSHSIX MO)KHO 0 Q) H E-i ~ g 0 E-i 
~ H'IHbiX KOMnoHeHT H3Jiy- ttl :X:: o:s: ::r ga O:S::"i;R Ill JI'Hetf pei'HCTpauuu. :s: :z:::r E-i ~ lll<d ... (,) '0 :s; I:I::S: ~ E-i i ua ycnosust llHCKpHMHHa- «) :s: I:I:E-iE-i Q) E-i :=r :z:~o Ill ~Tsue aKTHsnaauuu yi'nepo- ~ ~ l=t Q) :s: +; E-i 

~fti \.0 0 
ipyeTCSI1 TO nopOI'OSaSI E-i ·::r:: 0 0 0 0 0 0 0 

~ ·~ QC';)~ 0 0 H 0 .. 0 (,) 
H H H 0 H HHO pasHa 14 H 8,5 Mas. J:... «) 

~ 1=: ~ 
oueHHJIH nopoi'OShie auep- CQ 0 :s: E-i :s: 0 

ffi E-i ... 1:: ::r:: Pi 
. 6hiJIH Sbi'IHCJieHhl. S npell- .~ ~ 0 ~ [§ 1:: I.C\ I.C\ CQ E-i E-i 

lJ.Jlll 
... ... ... (,) • :oi'o npoTona C SlllpOMo 0 Si co .::t .::t co C\1 C\1 0 ::r C';) H :z: :s: i npHHHMaJIH TaKHM )Ke1 KaK :s: 0 =a E-i E-i :X:: :X:: 0 (,) 

pg)KeHHhiX 'laCTHU dE I dt ::r:: ~ «) 
g} 1:: 1:1' 
0 ::zs,-.. 

+I ::r 
~-' :s:: 

Q...."si ~·~ rpaUHH HeKOTOpb!X KOMno- E-i • ..., ., (' ~-' 1={(.) 
s ocuosHoM pei'HCTpupyroT :s:ro 

j:::ql:r\,.J 

ii aaAa'IH, soo6me I'osopst1 
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CTeneHb pei'HCTpaUHH He HI'paeT cyiUeCTBeHHOfi ponH. KaKOfi 6hi KOMIIOH9HT 

HSJiyqeHHH He p9I'HCTpHpOB8JlCH1 cq~T BC9I'A8 6yAeT nponopUHOHaneH norepHM 

npoTOHOBe . 0AH8KO qTo6hi nepefiTH OT cq~Ta BTOpHqHbiX qaCTHU K a6comoTHOMY 

qHCJIY noTepHHHbiX npOTOHOB1 H8AO 3H8Tb H3M9H9HH9 qncna BTOpHqHb!X pe

I'HCTpHpyeMhiX qacmu c aaeprHeit E 0 •. 

8aepreTnqecKaH rpaAYHPOBKa 

lJHCJIO BTOpHqHblX qaCTHU, COOTB9TCTBYIOIUHX qHcny noTepHHHblX npOTO

HOB1. onpeA9JlH9TCH KaK 

'N ( E o) I a ( E 6 ) , 

I'Ae a (Eo) rpaAyHpOBOqHblfi KOac}JqJHUH9HT1 yqHThiB8!0IUHit MHO>K9CTB9H-

HOCTb qaCTHU H HX COpT B 38BHCHMOCTH OT aaepi'HH. B Ta6n. 2 npHB9J:l9Hbl 

nnoTHOCTH noTOKOB npOTOHOB H 1T -M930HOB1 nonyqeHHbl9 HHTei'pHpOBaHH9M 

BbiqHcJieHHhiX cneKTpOB OT E ( ) AO E 0'' H no HHM onpeAeJieHa 
nopOI'OBaH 

saBliCHMOCTb a ( E 0) • nocKOJibKY cneKTphi npoToHOB 11 rr -MesoaoB onpe-

A9Jl9Hbl npH6JIH>K9HHbiM pacq~TOM 1 
T0

1 
yqHTbiB8H B03MO>KHOCTb pei'HCTpa-

UHH llPYI'HX qaCTHU, UaWJIH OpHI'HH8JlbUb!ji cnoco6 rpaAyHpOBKH CaMHM ycKo-

pnTeneM. 

B pa3JIHqHbl9 MOMeHTbl Bpe~eHH t -> E ~ B CHCT9MY yCKOpH!OlU9I'O 

aanpH>KeHHH noAaBann oT reaepaTopa OAHHoquhie "sannpaiOIUHe" HMnynbChi 

llJlliT9JlbHOCTb!O OT 10 )lO 50 MKC9Ke Y CKOpHIOIUee uanpH>K9HHe ua BpeMH 

npepb!B8J10Cb1 a SaTeM BOCCTaHaBJIHB8JlOCb BHOBbe 0T 9TOI'O MeHHJIHCb rpa

HHUbl cenapaTpHCbl H qaCTb npOTOHOB BbiCa>KHB8Jl8Cb Ha CT9HKH KaMepble 

lJHCJIO Bb!C8AHBWHXCH npOTOHOB, KOTOpOe 38BHC9Jl0 OT llJlHT9JlbHOCTH HMllYJlb

ca, onpeA9JlHJIH no nHKan-aneKTpOAY K8K npoueHT OT cpeAHefi HHT9HCHBHOCTH 

T
0 

• BpeMH BhiCaAKH npoTouoB q~TKO c}JHKCHpoBanocb BCeMH AaTqHKaMH 

cHcTeMhl KnlJ. 
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1nu. KaKoii 6bi KOMnoHeH'r 

~T nponopUHOHaneH norepHM 

i'IHblX 1iaCTHU K a6COn!OTHOMY 

!He qucna BTOPH'IHbiX pe-

qucny noTepHHHbiX npoTo-

'IHTb!B810IIIHil: MHO>KeCTBeH-

HH. B Ta6n. 2 npuae~eHbl 

'IOHliblO' HHTerpupOB8HHeM 

H no HHM onpe~eneHa 

fiOB H TT -Me30HOB onpe:... 

: B03MO>KHOCTb pei'HCTpa

rpa~yHpOBKH C8MHM ycKo-

CHCTOMY yCKOpHIOIIIOI'O 

'sanapaiOIIIHe 11 HMnynbCbl 

H~llpSI>KOHHe H8 apeMH 

,QT STOI'O MOHHnHCb rpa

Cb, H_a CTOHKH K8Mepbl. 

) OT ~nHTenbHOCTH HMnynb

OT cpe~Heil: HHTeHCHBHOCTH 

lnOCb BCOMH ~8T'IHK8MH 
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10 I 
f-- ~- ~ 

~ -
- ·Puc. a. 4>yHKUHSI N (t) anSI oaHOI'O H3 

t 1-!'iD" 

..... 
fO . aai~oa _npH: 2:3· ceK ( 1); 

ro 

IQ· 

'gro 

~fO' 
~---

10'" 

rcr 

1cr 

t:r 

fCr 

10" 

IT 

.. 

3- ..• - f- f-rr . -
... ~ 

- -
~ 

4 

6" 

7 

8 
·- ..J 

' -

D 

I 

t 

! 
0 O,'i 0,8 ~ 2. 1,6 2,0 2, 4 2,8 ce~. 

1,89 ceK (2); 1,28•ceK. (3); 

·0,2 ceK ( 4), 

«<" 

ro· 

fO" 

10" 

10" 

~«)· 
Q.l 

x 
§Ill" 

~«l-

I 

2 

! 

4 

5 

6 -

7 .;.. 
-- . 

8 

.. 

-
-

Puc, 4. lllyHKUUSI N (t) anSI paanHqHbiX ro 

ro· aaTquK:_os npH noTepSIX 50% ·I;; , 
1 - aaTqHK N93 (pHc, 8); 12 - N91;: 
3 - N26; 4 - N28, 

12 
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~ 

10" It 

ro· , 
10" 12 

KJ" 
0 0,'1 0,8 1,2 1,6 2,0 2,4 2,8 

I 

.,eel\. 

1· 
,) 

~~ 

I. 

Ha puc, 3 aaabx aas 

COOTBeTCTBYIOIUHe aaaaHHC 

4Jy'HKUHA N ( t) anSI scex l 

npoTOHOB (1,10,30 H 50%) 

npoxoaSIIUHX qepe3 sepWHE 

HHfi, H a ocHosaHHH aToro 

.cnpaseanusa anSI scex aa~ 

PHc, 5, fpaayHposoqHbiii 
2 - pacq~T ( Ta6n, 2): (p 



KIIHSI N ( t) anSI oaaoro ua .... . . 
u: 2,3 ceK (1); 
); 1,28·ceK. (3); · 

--

-
' -- ,, 

-- -

I 

,_ 
c 

If 

1-

-., 

0,4 0,8 12 ~6 20 24 28 .• ce~. 

Ha puc. 3 aaHhi aaaucuMocTn C'IeTa N (t) , aa KOTophiX BH.lllihi nuKn, 

cooTaeTCTBYIOIUHe aaaaaaoMy npoueHTy noTepb npoToHoB.i:noapo6Hhifi aaanua 

¢y HKIIHfi N ( t ) anSI acex apyrux aa T'IHKOB u paann'IHhiX npoueHTOB noTe ph 

npoTOHOB (1,10,30 H 50%) llOKaaan, 'ITO HaKnOH llpSIMhiX (nyliKTHp Ha puc.4), 

llpOXO,llSIIUHX 'Iepe3 BepWHHhl llHKOB, llOCTOSIHHhlfi B npeaenaX OWH60K H3Mepe

HHfio Ha ocnoaaHHH. aToro onpeaeneaa aaaucnMOCTb !l ( E 0 ) , KOTopaSI . 

. cnpaaeanuaa anSI acex aaT'IHKOB cucTeMhi Kn4 (puc. 5). 

Puc. 5. fpaayupoBO'Ilihlfi KoacJlqmuneHT a ( E; ) • 1 - aKcnepnMeHT, 
2 - paC'IeT ( Ta6n. 2): (paC'IeT H 3KCnepuMeHT CBSI38Hhl llpH 5 faa) • 

13 



A3HMYTanbHSR rpaAyHpOBKa 

<!lyHKUHlO pacnpeAeneHHR noTepb npOTOHOB no 83HMYTY onpeAenRnH no 

pe3ynbTST8M H3.MepeHHi1 HeCKOnbKHMH AST'IHKSMHo l13-38 pa36poca CBOHX 

napaMeTpOB see OHH ASlOT pa3nH'IHbie 3Ha~eHHR C'Ie~a, KOTOpbie He06XOAHMO 

npHBeCTH K HCTHHHbiM 3HS'IeHHHM1 o6ycnosneHHbiM TOnbKO noTepHMH npoTo-

HOB: 

N1 (z) /a1 (z), 

rAe a 1 (z) - rpaAyHpOBO'IHbifi K09ljJIPHUHeHTo 

' npH rpaAyHpOBKe OAHH H3 AST'IHKOB npHHHMSnH 38 u9TanOUHbii1" 1 oc

T8nioHbie1 rpaAyHpyeMbie 1 noMemanH BMeCTe C 9TanOHHbiM B OAHY 113 TO'IeK 

KOnbUa yCKOpHTenRo l13MepeHHR AST'IHKSMH npOBOAHnH BO speMeHHOM HHTep

sane1 cooTBeTCTBYJOIIleM c6pocy ny'IKa ua cenTyM <iJopMarHHTa. B 9TOM cny

qae ua6nroAancg M8KCHManbHbli1 C'IeT H COOTBeTCTBGHHO yMeHblllanacb. no-

rpelllHOCTb rpaAyHpOBKHo 

npH rpaAyHpOBKe AenanH He Menee 10 H3MepeHHi1 C'IeTa1 TOrAa1 C y'Ie-

TOM nox;:pelllHOCTH: 

al a + ..j SJ I ro 

rAe Cl - cpeAHee 3Ua'IeHHe K09$$HUHeHT81 s2 a 

(5) 

- AHCnepCHR AnR B38HMHO 

KoppenHpyrolllHX B~nil'IHH. A3HMYTanbHaR rpaAyHpOBKa nposepRnacb cpasuenHeM 

$yHKUHH pacnpeAeneHHR So ( z) , nony'Ienuoi1 no pe3ynbTaTaM H3MepeHHi1 

A8T'IHK8MH (cnbiT 1, pHCo 2) H 9MynbCHHMH .. X/• KaK BHAHO Ha pHCo 6, co-

rnacHe snonue yAosneTsopHTenbuoe. 

x/ Pe3ynbTaTbi H3MepenHi1 nony'IeHbi cosMeCTHO c B.n. CHAOpHHbiM. 
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PHc. e. CpasuenHe <ilYHKI 

CHHXpo$a3oTpoua. t 
ue KaMepbi; t - To ~ 
K-20 no. uapy»mott cTopo 
H3Mepeuo .aMynj'~)IRMH K· 

pacnpeAeneHHR' ' r* 



a3HMY_TY onpenensmH no 

Hs-sa pas6poca CBOHX 

:~Ta, KOTOpble ll900XOllHMO 

TOnbKO noTepRMH npoTo-

nH sa "aTanoHHbi:!l:", oc-

llOHHblM B OllHY 113 TO'I9K 

HnH BO BpeMeHHOM · HHTep

«lJopMai'HHTa, B aToM cny

B9HHO yMellblllanacb_ no-

(5) 

• llHCneJlCHR llnR B3aHMHO 

3Ka.npoBepnnacb cpaBHeHHeM 

pe3ynbTaTaM H3MepeHHfi 

:aK BHllHO Ha p!IC, 6, Co-

THo c B.n. CnnopHHbiM. 

f 

f '~ ~ 
'- I I l ....... ,,~, ~I /\ 

I .. ._'/\,/' '\ '· 
I \... •• ~ .. ~ """-.. ~~I I t 
I I ,_p X "«' " '! I I 6. w' ,., ' 
I I y v V 

PHc. 6. CpaBHeHHe «i>YHKUHfi pacnpeneneHHSI BTOpH'IHblX qacTHU no asHMyTy 
CHHXpo«lJasoTpOHa, • - H3MepeHO 9MYnbCHRMH K-20 no BHyTpeHHefi CTopo-
He KaMepblj • - TO me CHCTeMOfi Knt{; e - H3MepeHO 9MYnbCHSIMH 
K-20 no HapymHofi CTOpOHe KaMepbl j + - TO me CHCTeMofi Knt{ j A 
H3MepeHo .aMyn}':ffSIMH K-20 HaBepxy KaMepblj ~ - cyMMapHaSI «lJYHKUHSI 
pacnpeneneHHSI"· . ;.·:ft - TO'IKH CBSI3H «lJyHKUHfi pacnpeneneHHSI, 
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PesynbTaTbi aKcnepnMeaTa 

C TO'IKn speanH paJlnaunoaHhiX ycnoanii sa npeJlenaMn samnThi cnaxpo

cpasoTpoaa npeJlCTaBnSieT naTepec nony'IUTb cpyHKUHIO S c (E 0, z ) npn E 0 > 

>1 faB 1 'ITO COOTB8TCTByeT BpeMeliH 400 MCeK, 

CpeJlliSist Bennqnaa cti~Ta BTOpH'IHbiX 'laCTHU 

Nl ,e .1 
n 

n 

~~1·Nue (6) 

I'lle 'N J j f -. C'I~T Jlml •i -I'O JlaT'IHKa B j -OM H3MepeHHH Jln5l HHTepBana f 

( :i =1,2, , , m ) • C y'I~TOM KoacpcpnuneHTOB aaepreTn'leCKOii n ~;~snMyTalib-

aoii rpaJlynpoBKH nony'lnM: 

'L 
!!J.le __ _ (7) 

l e 
a(EcJ a-1 (zJ 

I'Jl8 a (E e ) B35ITO Jln5l cepeJlHlibl naTepaana !l E 0 no 9KCnepnMeHTanblibiM 

JlaHlibiM ( pnc, 5). H a pnc. 7 noKasaao BpeMeaaoe ( aaepi'eTn'leCKoe) pac

npeJleneane noTepb npoToHoB, Bhi'Incneaaoe no (7) JlnSI neKOTOpbiX TO'IeK 

KOnbua cnaxpocpasoTpoaa. 

EyJleM C'IHTaTb, 'ITO aa. y'laCTKe !l z 1 I'Jle CTOHT :i -biH JlaT.'IHK1 

cpyaKunH pacnpeJleneanst aTopn'llibiX OJacTnu paaaoMepaast, a c6poc aa Mnmelib 

BCei'Jla npOUCXOJlHT B " m "-HOM apeMeliliOM UHTepaane,· TOI'Jla MO>KHO onpe

JlenUTb 'lncno, nponopunoaanbaoe noTepSIM npoToHOB a npouecce ycKopeanH 

Jln5l :i -I'O JlaT'IUKa: 

!l L(c) 
l = a 

m-1_ 

e~ 1 Nle 

llnSI BCeX JlaT'IHKOB1 pacnono>KeHlibiX 

L =. ~ !l z !l L(c) 
c 1=1 l l 

(8) 

no asnMYTY, aTa Bennqnaa paaaa: 

(9) 
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ro·' 
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10" 
'1::i 
~ 
1: 10·fl 
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_.jll" 

10" 

ID"' 

u2 

P nc, 7. BpeMeanoe ( a.He.pr 

1 - nsMepeao JlaT'IHKOM N 
4 - TO >Ke N98; 5 - TO >KE 

CooTaeTcTaeaao Jlnst c6poc 

A L (m) = a 'N . ·: 
Ll 1 m lm 

n onahifi naTerpan no· 

COOTB8TCTBY!OIU8ii: BpeMeliE 

a(Lm+Lc) ='Io 



ITa 

Je):lenaMH 3aiUHTb! CHl!Xpo-

10 S c (E 0, z ) I,IPH Eo > 

(6) 

repel!HH ):lJl51 HHTepaana C 

aTnqecKoil: H ~3HMyTanb-

(7) 

no SKCnepHMeHTanbHbiM 

(aaepreTnqecKoe) pac-

):lnSJ HeKOTOpb!X TO'IeK 

~ CTOHT ~i -b!il: J:taT'IIIK1 

ipHaSJ, a c6poc Ha MHWeHb 

ane~' Tor~:ta MO)I{HO onpe-

3 B. npouecce ycKopeHHSJ 

(8) 

1Ta aenH'IHHa panna: 

(9) 

I 
I 

1 
I 
I ,. 
l 
i 

10" 

«l"' 

«l" 

«l·' 

O,Lf 0.8 1,2 1,6 2.0 2/f 2,8 , ceK'. 

Pnc, 7, BpeMeaaoe (aaepreTHqecKoe} pacnpe~:teneane noTepb npoTonoa, 
- H3Mepeao J:taTqHKOM N93,(pnc, 6); 2- To )i{e N91;' 3- To )l{e N96; 

4 - To )l{e N98; 5 - To )l{e N915. 

CooTseTcTaeaao J:tnSJ c6poca aa MHWeHb: 

!J. L(m)- a N ·• 
i - m im (10) 

ITonHbiit HHTerpan noTepb npoToaoa qncneaao paaen nnTeacnanocTn 10 , 
COOTBeTCTBYIOIUeil: BpeMeHH to (pHC, 8): 

(11) 
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n OCKOnbKY senu~uHa [ O H8M HeU3BeCTHa, aanumeM BblpalKeHue { 11 ) ~epe3 

fo , KOTOp8H MOHUTOpuposanaCb TeneCKOllOM C~~T~UKOB 

1
0

(1 +X). {12) a(L + L ) m c 

A6comoTaoe aaa~eaue noTepb npoToHOB {npoTicM) MOlKHO nony~uTh, aaas 

senu~UHbl UOTOKOB <I> I { Ta6n. 2), O,!lH8KO .UnH npaKTU~eCKHX pac~E!!TOB 

.uocTaTo~Ho aaaTb eenu~uay X B % oT lo • 

I 

ro 
Q) 

:X: 

~ 
.0 
E c,., 
0 
:J: 

CCl 

a 
:X:. 
Qa 

E 
:r 

:::s 
- 0 -

ta 

~ 
I 

~ 
R ...... 
<J .. 

~itttli\1::1 
--!,_ to~~ 

tf t~ t"' tm• 
BpaMA I omu. ea. 

I 

I 
I 

P HC. 8. CXeMa H3MeHeHUH UHTeHCUBHOCTU CUHXp0~830TpOH8 OT speMeHUo 
tO - epeMH Ha~ana H3MepeHUH CUCTeMOit Knq; tm, t m' - COOTBeTCT-

BeHHO BpeMH Ha~ana U KOHU8 c6poca ny~Ka Ha ~OpMai'HUTo 
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I 

Ha puc. 9 noKaaaHbi 

no ,!l8HHb!M U3MepeHuit B C 

Ka He npesbiWaeT 20%. 

~aCTHU npu c6poce ny~Ka 

nepeXBaT~UK8o npe.usapHTE 

ManbHOe yMeHbWeHue noTE 

nepexsaT~HK pacnonolKeH 1 

CBH3U U3MepeHUit B Kam.uo 

lKe TO~KY s6nuau cenTyMa 

.. 
~ 
0 

~ .... 
";il 

10"' 

10"' 

I 4 

Puc. 9. <llyHKUug pacnpe.u• 
Tpoaa. 1 - cyMMapaas ,PY1 
no .!l8HHbiM U3MepeHuit- CHC 
nepexsaT~uKoM; 2 - WHKl 
B onbiTe n; ~ · - TO ·lKe, 
{puc. 2); 3 - I'mtOTeTu'le 
CBH3U ~YHKUUA pacnpeAene 



eM BbipalKeHHe ( 11) qepea 

i~T'JHKOB 

. (12) 

MOlKHO nony'JHTb1 3H8H 

SKTH'JeCKHX paC'J~TOB 

t~ 
JmU. ea .. 

tm• 

JaaoTpoHa oT BP(3MeHH. 

tm, t m' - COOTBeTCT-

)MSI'HHT, 

.j 
i 

Ha pHc. 9 noKaaaHbi OCHOBHbie peayllbTaTbi aKcnepHMeHTa, nony'JeHHbie 

no llSHHbiM H3MepeHHA a onbiTax II-1Y (pHc. 2). Cpet:~HeKBat:~paTH'JHSH OWHo-

Ka He npeabiWaeT 20%, Bo acex onbiTax HSMepsnH C'J~T 'JHcna BTOPH'IHbiX 

'JaCTHU npH c6poce ny'JKa Ha $opMai'HHT npH paooTe nepexaaT'JHKa H 6ea 

nepeXBST'JHKa, Tipet:~aapHTellbHbiMH OnbiTSMH ObinO ycTaHoaneH0 1 'ITO MSKCH

ManbHOe yMeHbWeHHe noTepb B uCnOKOftHOA oonaCTH" llOCTHI'SeTCH1 KOI'll8 

nepeXBST'JHK pacnonOlKeH Ha pat:~Hyce - 10 CM OT 'paBHOBeCHOA opoHTblo nns 

CBH3H H3MepeHHii B KSlKtlOM OnbiTe OllHH H3 tl8T'JHKOB nOMewanH B OllHY H Ty 

lKe TO'JKY BonH3H cenTyMa $opM8I'HHT8o 

tO' 

.,..10'' .. 

10'' 

10'' 

I 4 0 12 16 20 24 26 J2 .36 4l 44 4& ~1 
IWMEPA, Y4ACTKOb (.tr.Z·4M} 

PHc. 9. cl>yHKUHH pacnpet:~eneHRH noTepb npoTOHOB no aaHMYTy CHHxpo$aao

TpoHa. 1 - CyMM8pH8H $yHKUHH SO ( Z) ( CM, pHC, 6); 4i) 
1 

t ·,- TO lKe 

no llSHHbiM H3MepeHHA· CHCTeMOA KTil..J COOTBeTCTBeHHO oes nepeXB8T'JHK8 H C 

nepexaaT'JHKoM; 2 - $YHKUHH Sm( z) ; 3 - $yHKUHH Sc (z) H3Mepena 

B OnbiTe TI; t - TO lKe, no peaynbTaTaM H3MepeHHtt B onbiTSX TI-1Y 
(pHCo 2); 3 - I'lmOTeTH'JeCKSH paBHOMepHSH $yHKUHH 'S ~ ( Z) ; X - TO'JKH 
CBH3H $yHKUHA pacnpet:~eneHHHo 
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cl>yHKIUHI 'S c ( z ) . BRa 'lane 6hxna H3Mepeua npH pacnonomeHHH llaT'lHKOB 

.s onhiTe Jl (pHc. 2). PesynbTaThi noKasaHhi B BHile I'HCTOI'paMMhi Ha 

pHCo 9, 3aTeM. Ha OT]lenbHb!X yqaCTKaX KOnbua· 6bJna H3MepeHa tPYHKUIUI pac

npe]leneHHSI npH 6onee qacToM pacnonomeHHH llaT'lHKOB no asHMYTY (onhiTbi 

Jll H 'IV ) • KpoMe Toro, 6hmO ycTaHoBneuo, 'ITO BHil tPYHKUHH Sc ( z) 
. 9 9 

He M9HSI9TCSI ripH pa3nH'lHOfi HHTeHCHBHOCTH 2,2•10 i 7,9•10 (cTa6HnH3HpO-
. 10 

BaHHbte) H 3,3•10 , npH'l~M nonHhte noTepH npoToHOB B npouecce ycKopeHHSI 

X· cooTBeTCTBeHHO paBHhi: 1,1; 2,2; 12,9% • .Unsx nepBbiX llBYX sua'leHHfi 

HHT9HCHBHOCTH BenH'lHHbl X 1 no-BHilHMOMY1 cymecTB9HHO 3aHH>K9Hbl 1 TaK 

KaK HHT9HCHBHOCTb CTa6HnH3HpOBanH JlO to =0,4 ceK nyTeM o6pesaHHSI 

nepH<iJepnftuofi qacTH ce'leHHSI ny'lKa. EcTeCTBeHHO, 'ITO npH aToM B npouec

ce llanbHefimero ycKopeunsx Tepsmocb MeHbWe npoToHoB, 'leM Morno 6bi Te

pSITbCSI OT nonHOI'O C9'l9HHSI ny'lKa 6e3 CTa6HnH3aUHH HHTeHCHBHOCTHo Ha 

OCHOBe pesynbTaTOB SKCnepnMeHTa 6bJnH nonyqeHhl tPYHKUHH HCTO'IHHKOB H3-

ny'leHHSI ]lnSI pa3nH'lHblX pe>KHMOB pa60Tbl CHHXpotiJasoTpOHa H paCC'lHTaHbl 
/10/ 

pallHaUHOHHbl9 nonSI B o6naCTH llO 1,5 KM OT ycKOpHTenSI ( CM, 1 HanpHMep, ) • 

ABTOpbl npH3HaTenbHbl n.P. KnMemo, E.c. Cbl'l~BY H H.E. l1CCHHCKOMY 

sa coBeThi, a TaK>Ke A.C. XpbiKHHy, B.ct>. TayceueBy H A.n. lllnwKHHY sa 

nOMOWb npH nOili'OTOBK9 H npOB9Jl9HHH 9KCnepHM9HTOB, 

nuTepaTypa 

1. H.W.Patterson and R.H.Thornas. Particle Accelerators, 
_£, 77, 1971. 

2. w.s.Gilbert et al. UCRL-17941, 1968. 
3. n.H. 3afiUeB H llP· OpenpHHT Ol1.Hl1, P16-6059, . .Uy6Ha, 1971. 

4, B.r. r01ioBa'IHK H llP• OpenpHHT l1cl>B8, OP3 69-114, 1969, 

5, G.W.Bennet et al. Particle Accelerators, _£, 251, 1971. 

6. IO.M. Allo, 8.A. Msxa, ATOMHaSI auepi'HSI, ~ 515, 1969. 
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