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§ I. BBe8eHHe 

YCKOpeHKe ci.- K o{ -\18CTK~ B npOTOHHOM CKHXp0cp680TpOHe 

OHRH p acmHpaeT a oaMOXHOCTK nocTaHOBKK cpKaKt~ecKKx aKc nepHMeH-

TOB s a ycxopKTe~e. 

llpo~ecc CTpKnKHra y c KOpeHHOrO ~eHTOH6 ~aeT B03MOEHOCTb ccpop

MHpOB8Tb nyqoK HeATpOHOB C OTHOCKTe~bHO He6 0~bWKM paa6pOCOM KM

ny~bCOB, B KOTOpOM KayqaTb npo~eCCH nfJ -B88KMO~eHCTBKH ~qwe, 

\leY B nyqKax HeiiTpOHOB, _DOJlY\IeHH!iX npK 06JlY\18HKH K8KOH-~JI60 Ml&llle-
+ + 

HH ycxopeHHHMK npoToaSMH. YcxopeHHHe ~eAToHH 11 eX -tiaC'Pil~ (He ) 

~8DT TaKKe HOBHe B08MOXHOCTK B DOCT8HOBKe OllHTOB DO HaytieHKm KSO-

TODKtieCKKX COOTHOWeHKH, ~Byx6ap.140HHWC COCTOHHKH .14 ~pyri4X DPOI.IeC-

COB B88KM0~8HCTBKB 3AeweHT8pHHX ti8CTK~. 

0CHOBH8H ~ea 06Cy~aeuoro ueTO~a YCKOpeHKS COCTOKT B TOM, 

\IT06H BH6p8Tb TaKKe peZKUH p860TH cy~eCTBy~ yCKOpH~X CHC Teu 

/cpOpHKKeXTOp, ~KHeHHHA ycKOpKTe~b, CKHXp0cpa80TpOH/ , npH KOTOpHX 

cxopOCTb d ++ 
f.fe a uoweHT nepexo~a xa o~HOH ycxopa~eA HJIK 

cKCTeMH B ~pyrym 6~~8 6H pasHa llO~OBHHe CKOp OCTK yCKOpH eMHX npo-

TOHOB. PeZHM yCKOpeHHS d 
++ 

K He oT~Kt~aeTca OT peZKMa ycxope-

HHH npoTOHOB B C~e~~ey, 

I. HanpazeHKe cpopKHZeKTOpa CHHZSeTCH npa6~K8KTe~bHO B ~a 

paaa. 

2. Bee ycKopa~e npowe~TKK AKHeKHoro ycxopaTeAa /~Y/ -KHZex-
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TOpa YUSHbWSDTCR B~BOe C DOUO~ HBC~OK. fipH 3TOU ycxopeHHe o( 
++ 

X fie npOHCXO~KT B peKHUe BTOpOK Kp&THOCTK, a Bq UOJIIHOCTb 1 

BBO~XU&H B peBOH&TOp RY , yYSHhW&eTCS UpK6~KBHTe~bHO B 4 paaa. 

3. HanpsEeHHe HS KH~eKTOPHWX D~&CTHH&x yueHJ>m&eTCB B ~Ba 

paaa. 

4. YcxopeHHe a caKXpo¢aaoTpoae ocy~ecTaAaeTca a ~sa aTana. 
++ 

fiepBHH 3T8D COCTOKT B yCKOpeHKH a( HAH lie HS BTOpOK 

Kp&THOC~X npH HBUeHeBHH ~SCTOTH YCKOpa~ero DOAa f OT 0,2 Mr~ 

~o 1,44 Mr~ lsouHH~bHHA ~Hanaaoa ~aCTOT npoToaaoro pexHUa/. 
++ 

BTOPOK 3T8D COCTOHT B ycxopeHHH c( HAH fie HB nepBOK 

xpaTHOCTX DpH KSUeHeHHH f OT 0,72 Mr~ ~0 I 144 Mr~. 

llepexo~ oT nepaoro aTana xo BTopouy ~o~xes oc~eCTBABTJ>Ca aa 

"CTOA8" UBrHHTHOrO DOAS. 

ilpOB8~8HHH8 3KCD8pHUeHTH H paC~eTH DOK88HBaDT 1 ~TO UOEHO 
++ 

ycxopSTb c{ H fie B CHRXp0¢880TpOH8 OHflM, XCDOAJ>ayg C~SCTBYD-

~e CHCTSMH HHES~HH H yCKOpeHHa 1 DpH YK888HHOU BHW8 HSUeHeHHK 

peXHUa XX pa60TH. 

PaccuoTpHU no~po6see pa6oT,y x~oA HB ycxopa~ CKCTeu a 

npe~Aaraeuou peEHUe. 

BBe~eu CAe~~e o6oaaa~eaKS: 

C - cxopocTJ> cseTa I culcex I, 
~- ~XHeTK~ecxas aaeprxs qacTx~ I as I, 
j3 - CKOpOCTb ~BCTxqH B e~HBH~ax CKOpOCTH CBeTa, 

~- uacca ~aCTK~ I aalc21, 

Z - aap~ 'ISC'l'H~ B e~KHK~ax a~euesTapaoro aaps~a, 

P- onyAJ>C ~acTK~ I aalc I, 

p, c/, 0{. - XH,IJ;eKCH npOTOHS, ~eftTOHS K 

4 

H.++ 
e ' 

fl - Hanp~xeHHOCTb uarHKTHoro no~a /apcTe.IJ;/. 

D ,Il;8AbH8HmHX pac~eTax MH npHOAHXeHHO DOABraeu 

!1a ==2Mp / Mo( == 4 Mp . 

§ 2 . ~OHHHK KCTOQHKK 

floTeH~KSA KOHKBB~KK ,IJ;eHTepKH n p aKTHQeCKH He OTAK'I88TC; 

DOTeH~I48A8 HOHKBB~KK BO,IJ;Op0,D;B 1 HB KOTOpHK B HBCTOH14ee Bpeu: 

C'II4TBH HOHHHK HCTOQHKKo f! 03TOUy MOXHO OliH,Il;BTb, 'iTO BHXO,Il; ~· 

!!OB HB KCTOQHKKB 6y,IJ;eT TBKHU xe, KBK H BHXO,Il; npOTOHOB. 

D KCTO~HKK KOHOB ,IJ;eHTepHii , KBK H BO,IJ;OpO,IJ;/ DO,IJ;SeTCH qepe 

A~HeBHH ¢ HAbTp. 

ilepaue axcnep HueHTH , npoa e ,IJ; eHHue aa ¢ o p HHEeKTope n o n 

HHD yCKOpeHHOrO ,IJ;eHTOHHOrO ny~xa,nOK838AK : 

II PeXHU pa6oTH KCTO~HHKa aa ,IJ;eliTepHH npaxTH~ecxK HH4 

OT~H~BSTCH OT peXKU8 pa60TH HS BO~OpO,IJ;e. 

21 ilpH aaeprHH 570 xaa 6aA noAyQeH ~eliTOHHHA ny'loK I 

B HMfiY~bCe C xopomeA ¢ oxy cHpOBKOK HB BXO,IJ;e KY. ilpH BTOH xe 

rHH, T.e. HOMHHBAbHOM pexHUe ~AR npOTOHOB 1 npOTOHHHK TOK C 

AHST TBKXe 120 uA. 

31 ilpH BHeprKH 285 K3B 6bl.ll DOAy~eH ~eliTOHHhiK ny~OK 7( 

HUfiYAl>Ce co cAa6oA ¢GKYCHpoaxoli Ha sxo~e ~Y. AAa noAy~eHHa 

c¢oKYCKpOBBHHOrO DYQKB 1 DO-B~HUOyY1 He06XO~KUO C~eA&Tb rp~ 

ycxopa~ero DOAH YCKOpHTeAbHOK Tpy6KH ~~ TBKKU ze, KBK H 

y cKOpeHHK npOTOHOB. 

~HTeHCHBHOCTb nyqxa ~Byxaapa,IJ;HHX KOHOB 
u++ ne MH Cj 

~ero HCTO~HHKB UOXeT 6h1Tb onpe~eAeHa TOAbKO 3KCnepKUeHTaJ. 
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Tapa yueHbmaDTCH B~BOe C DOMO~ HaC~OK. ilpK 3TOM yCKOpeHKe o( 
++ 

X fie npOHCXO~KT B peaHMe BTOpoi KpaTHOCTH 1 a Bq MO~OCTb 1 

BBO~KM&s B peSOHaTOp ~Y, yueHbWaeTCB DpK0AK8HT8AbHO B 4 paaa. 

3o HanpszeHHe H8 KH~€KTOPHHX DA8CTHH8X yueHbWa8TCB B ~B8 

paaa. 

4. YcxopeHHe B c~HXpo¢aaoTpoHe ocy~ecTs~aeTcB B ~sa aTana. 
++ 

ilepBHH 3Tan COCTOHT B ycxopeHHH c( BAH lie Ha BTOpOH 

Kp8THOC~Il npH K3M8H8HHK ~8CTOTH yCKOpa~ero DOAB f oT 0, 2 Mr~ 

~o 1,44 Mr~ IHOMHHSAbHHA ~HanaaoH ~acTOT npoTOHHoro peZHMa/. 
++ ct BAH fie H8 nepBOH BTOpoA 3T8fl COCTOHT B ycxopeHHK 

xpaTHOCTH npH H8M€H8HHH f OT 0,72 MrQ ~o I ,44 MrQ. 

ilepexo~ OT nepBOrO 3T8D8 KO BTOpouy ~OAZeH OC~eCTB~BTbCH H8 

"cTOA€" M&rHHTHOrO DOAH. 

ilpOB8~8HHHe 3KCnepHM8HTH K p8Cti8TH DOK.a8HB8DT 1 'ITO MOZHO 
++ 

yCKOp8Tb c{ H fie B CHHXpQ¢880TpOHe OHHH, KCDO~baya C~eCTBYD-

~e CKCT8MH KHZ€KQHH H yCKOpeHHB 1 DpH yxaaaHHOM BHW€ H8M8H8HHM 

peZMMa KX paOOTH. 

PaCCMOTpHM no~poO&ee paOo~ K~OH H8 YCKOpB~ CHCTeu B 

npe~Aaraeuou peZHUe. 

BBe~eu cAe~~e oOoasa~eHHB: 

C - cxopoc'l'b cseTa I culcex I, 
W- KIUleTM~ecxas asepru ~acTxQH I as I, 

j3 - CKOpOC'l'b ti8CTXQH B e~MHHQSX CKOpOCTH CB8T8 1 

M- uacca qac'I'KIV>I I aalc21, 

Z- aap~ qaC'I'KqH B e~KHKQ8X 3A8M8HT8pHOrO aapg~a, 

P- XMDYAbC t~acTKQH I aalc I, 

H. ++ 
f, o/, OC - llH~eKCH npOTOHS, ~eATOH8 Ill e J 
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·~ 

If - sanp~:a:eHHOCTb warHII!THoro n oAa / apcTe~. 

n A~bHeKmxx pa c4eTax wH np K6AHZe HHO no~araew 

1'1c1 == 2 Mp / Mo<.. == 4Mp. 

§ 2 . HOHHHH 1/lCTO~H IIl K 

llOTeHQH~ HOHH88QHIIl Ae~TepKH np8KTM48 CK H He OTAHt~ae• 

DOTeHQH~a HOHHBBQHH BOAOPOA8, HB KOTOpHH B HBCTOH~ee Bp• 

CtiHTaH HOHHH.li HCTOtiHHKo f!03TOWY WOXHO OXHA8Tb 1 tiTO BHXO~ 

!!OB H8 HCT04HMK8 OyAeT TBK!olll :a:e 1 KBK Ill BHXOA npOTOHOB. 

B lllC TOtiHII!K HOHOB ~e.l!TepH.l!,KaK H BOAOPO~/ DOAB€TCH t~eJ 

~~HeBHH ¢2AbTp. 

llepswe aKcnepHweHTW, npose~eHHHe Ha ¢opHHZeKTope no 

HHD ycxopeHHoro Ae.l!ToHsoro nyt~Ka,noxa aaAH : 

I I P eXHU paOoTw HCTOtiHHKa s a A€HTep HH n paxTHtleCKH Hl 

OTAHtla e Tca OT peiHua p a6 oTw &a so~opo~e. 

2/ flpH 3HeprlllH 570 K3B 0~ no~ytleH ~eHTOHHWH nyqOK 

B HMDYAbC€ C xopomeA ¢ oxycHpOBKOH HB BXO~e ~. llpH aTO~ ~ 

rlllH 1 T.e. HOMHH~bHOM pexHMe ~~H npOTOHOB 1 npOTOHHWH TOK 

~seT Taxze 120 uA. 

3/ llpH 3HeprHH 285 K3B ORA DO~tleH ~e.l!TOHHWH nytiOK ? 

HMny~bCe CO CA860A ¢QKYCHpOBKOH Ha BXOA€ AY. ~AB DOAYti€HHH 

c¢OKYCHpOB8HHOro nyqxa 1nO-BHAHMOyY1 He06XOAHMO C~eAaTb rpa 

ycxopa~ero no~a yCKOpHT€AbHO~ Tpy6KH ~H T8KHM ze, KaK H 

ycKOpeHHH npOTOHOB. 

HHT€HCHBHOCTb nyqxa ~ByxaapH~HWX HOHOB 
I I++-ne A~~a c. 

~ero HCTOtiHHKa uozeT 6HTb onpeAeAeHa TOAbKO axcnepHMeHTa 
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IIpH a TOM ycKopeHHe ol 
TH, a Bll .llOJIUiOCTh, 

HSHTe~hHO B 4 paaa. 

TB~HeTcg B ~B8 8Tana. 
++ 

iLilH He HB BTOpOA 

o no~s f O'l' 0, 2 Mr~ 

p OTOHHOt'O pezHMa/. 
++ 

iLilH He Ha nepaol4 

~0 I ' 44 Mrl.lo 

OAZeH OC~eCTB~HThCH HB 

M, HCDOAhSYH c~eCTBYD-

BHHO.Il BHWe HSMeHeHHH 

ycxopa~ CHC'l'eM B 

3B I' 

OpOCTH CBe'l'a, 

HTapuoro aaps~a, 

++ 
e 

f{ - HBllp~zeHHOCTh MB['HHTHO['O n OAH / apcTe~. 

1'1c1 :=: 2Mp MO(. =4Mp. 

ilOTeHI.Ilil~8 HOHH8Bl.IHH BO~OpO~a, HB KOTOpH~ B HBCTOH~ee BpeMH pac-

!!OB HS liiC'l'Ot{HJiiKB 6y~eT T8KH.Il ze, KBK H BhiXO~ 11p0TOHOB. 

B liiCTOt{H~K li!OHOB ~eHTepHA,KBK H BO~Opo~, no~aeTCH qepea 11~

~~HeBhiH ¢ iLilhTp. 

ilepBhle aKcnep HMeHThl, npose~eHHhle H8 ¢ o p HHZeKTope n o no~qe-

HHD ycKOpeHHOrO ~eHTOHHOrO nyqKa,nOK83~M: 

II Pexau pa6 oThl HCTOt{HHKa Ha ~eHTepHK npaKTJilqecKH HJilqeu He 

OTAJilt{8eTCH OT pe~MB p860Thl H8 BO~OpO~e. 

2/ ilpH 3HeprHH 570 K3B 6~ no~yqeH ~eHTOHHhiH ny qOK 120 .llA 

B HMfiYAhCe C xopomej!: ¢oKyClilpOBKO~ HB BXO~e ~. ilpH 3TOH ze aHe p -

rHH, T.e. HOMHH~hHO.Il pexlil.lle ~~g npOTOHOB, npOTOHHhiH TOK COCTSB-

3/ ilpH 3HeprHH 285 K3B 6~ no~qeH ~eHTOHHhiH ny qOK 70 .llA B 

H.llfiYAhCe CO CAB60A ¢0KYCHpOBKOH Ha BXO~e ~Y. ~~g no~qeHHH XOpOIDO 

c¢oKYCHpOBBHHOrO nyqxa 1 no-B~HMOyY1 He06XO~H.IlO C~e~8Th rp~HeHT 

yCKOPH~ero OOAH ycKOpHTeAbHOA Tpy6KH ~H 'l'SKH.Il ze, K8K H npK 

ycxopeHHH OpOTOHOB. 

HHTeHCHBHOCTh nyqKQ ~ByxaapH~HhiX HOHOB 
II++ ne ~H C~eC'l'By-

~ero HCTOt{HJiiKB .llOZeT 6h1Th onpe~eAeHS TOAhKO 3KCnepHMeHT~bHO j 
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00H~eZHB~ &~eCb ~KTOpOM H~eTCH T0 1 qTO HCTOqHHK ~8BBZ 

a&MeTHHH nyqox ~ayxaapa~HHX HOHOB yr~epo~a. 

§ 3. ~OpHHZeKTOp . 

B cpopHHKeKTOpe npOTOHH yCKOpHDTCH ~0 KHHeTzqecKOH aaeprHH 

vV,/cpopxHZ/ = 570 KBB . By~eM KCXO~HTb KB yC~OBU 

B /cpopxHK/ = _i B /cpopxHK/ 
.(d Z JP . 

llpa aTOM ~eATOHH ~O.DDIH ycxopHThCB ~o aaeprax 

~/ ¢opxHK/ 
2 

= !fd(iJ>/cpopzaa/} = 285 KBB II/ 

CooTaeTCTBeHao, ~Byxaapa~HHA re~zi Oy~eT ycxopaTbCH ~o aaeprxx 

~/cpopKHZ/ = f.i /1o<} ltv.: /cpopaHa/ 
('-f Hp I P = 570 K3B 1 /2/ 

~H qero ueoOxo~HMO ycxopa~ee no~e aanpazeaxew 

j_ {j_ Mci.} 1-tln /cpopxHZ/ 
2. Lf Mp P 

= 285 KBB /3/ 

I I -t- t-
ne /. /KoaqxpH~HeHT I 

2 
BOBHKK8eT 118-88 BeAJ4qHHH 88pH~8 

§ 4. ~KHeAHHH YCKOpKTe~b 

B ~xaeAaow ycxopHTe~e [z] cauxpo~aoTpoaa ycxopeaze se

~eTca B IIOAe CTOaqeA BOAHH. 

P~KBZbH&g ycToAqHBOCTb oOecne4KB8eTca ceT04HOA cpoxycxpos-

KOH. 

Koa<W>al.llleHTii aaaopa .8n 
Onp = fjnp L~ CJP (~f =I.) 

6 

nocTOHHHH no scew ycxopa~ nepxo~SM, a~ecb: 

anp- ~XHS 

Ln - ~Haa 

n -ro yCKOpanqero npoMell:yTIC8 ,I 

n - ro nepao~n ycxopeBX.Il /cw. pHC. I/ 

,!VI JIBS Ln cBaaaaa co cxopocTbll ~ npoToas ,rnp 
me aHeM 

Ln == 1 fnp ~M 
' 

r~e 

1 - ~HHa so~Hii awcoxoqacTaoro ycxopa~ero no~ 
I'Ay • 
~ - Kp8THOCTb yCKOpeHK.Il /npH ycKopeHHH npOTOHOB 

ECAH BBO~HTb qQCTH~Ii B ~KHeHHiiH ycxopHTe~b CO CKOpO 

paBHOA j .f p /<f>opxaz/ 
1 

a noAYqaTb no.:~e ycKopeHHH "iSCTid~ 

CKOpOCTbll i J>/JI.J4.H/ 1 TO ycxopeHKe 6y~eT npOHCXO~HTb H. 

aocTH. 2 npH coxpaHeHHid cy~ecTay~eA qacTOTii ycxopa~ero 

P8CCMOTpHM 1 KS KHM ~OAX8H 61iTb npHpOCT 3HeprHH ~eiTO: 

x~ou xa yc Kopa~x npouezyTKOB KY ~a Toro, qToOH 6H~O 

qeHO yCKOpeHHe HS Kp8THOCTH 2 no BCeuy ~HHeHHOYy yCKOpHTI 

llp.lllpOCT 3Hepr.111.1'1 CHHXPOHHOrO IlpOTOHS IIOCJie npOXOz,D;eHJ 

p.llDqer o npOMe%YTK8 onpe~eAHTCS K8K /1/ : 

r~e 

A V1l,;p == ( Z Eo G11 ~n UI:S cp )P 
' 

C: - auaqeHHe SMII~HTY~ aanpaxeHHOC TH ycxopa~ero 

qecKoro noAH I a/cu / , 

qD- CHHXpOHH8S cpaaa, 
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::>BKJI 

= 285 K3B /I/ 

::>pHTbCH ~0 3HeprHH 

= 570 K3B, / 2/ 

/3/ 

I I -t- t" 
aaps.~ta Me I. 

rpoaa ycxopeaae se-

i) 

noCTOHHHH n o BC 9M yCKOpH~ nepHO~au, 8~9Cb: 

Q - ,!V1XH8 n - ro ycKOPHillliBrO npOM9JIYTK8 / 
o.np Ln - ,IVIKHS n -ro nepliO~Q ycxopeHX.Il /cw.. pHC. I/. 

,l{JIHHS Ln cs.Raaaa co cxopocThll .f3np npOTOHS. COOTHO-

' 

~AY ~HHB BOAHH BUCOKOqaCTHOrO yCKOp.ll~ero no~ AY~ 

~ KpBTHOCTb ycxopeHH.Il /npH ycKopeHHH npoTOHOB ~ = I /. 

ECAH BBO,JtHTb qscTH~U B AKH9~HHH yCKOpHT9Ab CO CKOpOCTbllt 

paBHO~ i j?p/¢opzRK/
1

K llOAYqBTb nO~Ae ycxopeHK.Il qaCTH~U CO 

cKOpOCTbll i :r/AHH/, TO ycKopeHK9 6y,JteT npOHCXO,.ltHTb HS Kp8T

HOCTK. 2 npK COXpBH9HHK cy~eCTBYillll9~ qacTOTH yCKOp.ll~ero nOAH. 

P8CCti.OTpHM, KBKHtl. ,Jt0AK9H 6HTb npHpOCT 3HeprHK ,.lt9HTOHOB Ha 

KaK.JtOtl. &3 ycKOPH~X npOt1. 9JIYTKOB nY ~.ll TOro, qT06H 6HAO ooecne-

qeHO ycKOp9HH9 H8 KpBTHOCTH 2 no BC9MY AHH9HHOMY yCKOpHT9Ailo 

ilpHpOCT 3HeprKK CKHXPOHHOrO npOTOHB llOCAe npOXOZ,.lt9HKH yCKO

p.ll~ero npow.e~TKB o n pe,JteAHTC.Il xax /I/ : 

r.~te 

Co-

1 
/4/ 

3HaqeHH9 8MllAHTY.ltH H8llp.llK9 HHOCTH ycKOpa~ero 3A9KTpH

qeCKOrO noAH I a / cw. / , 

qo - CHHXpOHHa.ll ¢aaa, 
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r~e 

{;n - ¢QKTOp speueHK npo~eTa, xapaxTepHay~li HaueaeaHe 

ycxopa~ero OO~a BO Bpeua ~BKZeHKS ~8CTK~ ~epea n -Hi 

ycxopa~A npoue:w;y'l'oK 6ea yqeTa nposHcaHHS no.IUI a aaaop. 

/Jn 

Gn = :·c J ;J;f£P+21fk i) dt , 
(fn _ _hz 

ZfnC 

~y- ~aCTOT& ycxopa~ero sq no~a B RY. 

Bea y~e'l'a pe~a'l'HBKC'l'CKOM nonpaBKIIl, UOZHO aanHC8Tb: 

11Wnf={W;,-Wn-tJ,= J. [f'1{_J;-;:JJ;[t1Jnt1jn]?. /5/ 

TaKKM 06p880M, DplllpOCT CKOpOCTIIl npOTOHa DOC~e npoxo~eHHa 

ycxopa~ero npoue:w;yTxa pasea 

t1 Jnp== {2 Co Gn f}n f'1J:1 
C8j cp ]f /6/ 

Ycxopea111e ~eATOHOB ~o~aao npomcxo~KTb aa xpaTHOCTH ~ = 2 

np111 coxpaaeHHH c~ecTsy~ei ~acTOTti ycxopa~ero no~a, T.e. a aTOM 

C~~ae CKOpOCTb ~e~TOH8 ODpe~e~HTCS 1118 COOTHOmeHHS 

Ln :::: 2.jnd A~y /7/ 

~ Toro, ~T06H ~~HHa nepHo~a y cxopeHHs ae aauea~acb /reo

ueTpHqecKaa CTpyKTypa ycxopa~ei CHCTeMH RY OCTSeTCS HeHaMeHHOH/ 
J 

ae06XO~HMO D0Tpe60B8Tb 1 KSK yae OHAO CK888HO BHWe, ~TOOH 

j3d =i j3p 111, COOTBeT~TBeHHO, npHpOCT CKOpOCTH ~eHTOH8 H8 

aaaope 6HA a ~a paaa ueabWe cooTseTCTBy~ero npHpocTa 
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CKOpOCTH npoTOHa, T.e. 

I 
A.fnd == 2 tjnp 

C y~eTOU CK888HHOro aanmmeM ¢oPMY~Y /6/·~~H ~e~T 

-1. -1. 
/J _fnd = { :z Co Gn gn H j 11 UJ:5 cp },/ . 

~OpMy~a /9/ nOK88~BaeT, ~TO eC~H 6~ ~ XOTe~H YCK· 

~ T8KHM 06paaou, qT06H npHpOCT CKOpOCTH H8 nepHO~e 6~. 

ae caMHM, qTo H ~~a npoToaa, TO aanpaxeHHOCTb ycxops~t 

qecxoro no~a sa oc111 peaoHaTopa ~o~Ha 6HTb a ~sa paaa 1 

npH yCKOpeHHH npOTOHOB, a MO~OCTb, BBO~HMaH B pe80H8TC 

CTBeHHO, B 4 paaa BHme. ilpH c~eCTBy~ei KOHCTpyK~HH yc 

CHCT6MH H B08MOXHOCTRX CHCTeMH gq DHTSHHS 3TOT B8pH8HT 

aepea~bHl>Ul. 

PaccuoTpHM ~aa sap~aaTa ycxopeHHR 

BTOpOH Kp8THOCTH. 

d H 
. u++ ne E 

I/ ilpHHHMaH BO BHHM8HHe BHp8X6HHR /6/ 111 /9/, 8 T8 

sHe /8/, no~y~HM, ~To 

{co dh Cn C8j cp }d ::: 1 { 4 ffn Gn CP5 cp }p 
OTKy~a ~~g C~yqag !l!Jd = fl/Jp ~ C1} := 9f, 6y~eM HMeTb 

Coci==' ~Cop 
T.e. cpe~aee aun~HTY~Hoe aHaqeHHe aanpaxeHHOCTH ycxopaDU 

npH ycxopeHHH ~eiTOHOB H8 Kp8THOCTH, p8BHOH 2 /6ea y~eT£ 

9 



Ka ~BCTK~ qepea n -WA 

n pOBHC8HHH no~g a aaaop. 

0 SBDHCBTb: 

nocAe npoxo~eHHa 

/6/ 

B KpBTHOCTH ~ = 2 

ero noAH, T.e. a aTOM 

omeHHg 

/7/ 

He HaweH~ac:t. /reo-

ay~ero npHpocTa 

CKOpOCTH npoTOHa, T.e. 

/8/ 

HW TaKKM 06paaow, ~T06W npHpOCT CKOpOCTH Ha nepHO~e 6W~ 6w TeM 

~eCKOrO no~g Ha OCR peaOHBTOpa ~O~Ha 6WTb B ~Ba paaa BHWe, ~eM 

npH ycKOpeHHH npoTOHOB, a MO~OCTb, BBO~KMaH B peaoHaTop, COOTBeT-

CHCTeMW H B03MOXHOCTRX CHCTeMW Bq llHTaHHg 3TOT BapH8HT RB~ReTcg 

PaccwoTpHM ~sa aap~aHTa ycKopeHHR 
u++ 
ne B JIY HB 

BTOpOM KpaTHOCTH. 

I/ llpHHHMBg EO BHHMaHHe BWpSXeHHg /6/ H /9/, a TaKEe yc~o-

BHe /8/, DO~y~HM, ~TO 

OTKY~a ~~H c~y~ag !/nd = ~!?;> 1 CJ} =Cf} 6y~ew KMeTb 

Cool== 1cop /IO/ 

T.e. Cpe~Hee SMll~HTY~HOe 3H8~eHHe H8npHXeHHOCTH y CKOpHnqero DO~H 

npH y CKOpeHHH ~eHTOHOB Ha Kp8THOCTH, paBHOH 2 / 6ea y~eTa H3Me He-

9 



........ 

(J -¢axTopa/ s AB8 paaa axxe cpeAHeK aanpazeHHOCTH ycxopuD

' 
fmll 

~ero no~a npx ycxopeaxz npoToaos. 

Dpeua npo~eTa npOTOHa ~epea ycxopH~H npouexyTOK cocTaBAHeT 

dp :: I/4 nepHOAa ycxopa~ero no~a, noaTouy B oC5cy:a:,IJ;aewow ea-

pHaHTe yCKOpeHHH Ae~TOHa, epewa npo~eTa Ae~TOH8 COCT8BHT 
lf/ nepHOA8 • 

Jd :: I/2 

OTaomeHHe Cl-¢axTopos B c~qae ycxopeHHH npoToHa z Ae~To-
sa paeHo 

0=ff 
Gol ' /II/ 

ec~H npeaeC5pe~b npoexcaHzew no~ BHyTpb TpyC5ox APei¢8. 

C yqeTow zaweaeaHa G -¢axTopa cpeAaee awn~HTYAHOe saaqe-

aze aanpaxeaHOCTH ycxopa~ero no~a npH ycxopeaHK AeiTOHOB C5yAeT 

paBHO; 

E od ~O,Stop~ =- 0,71 Cop. /I2/ 

Tax K8K KO~OCTb L2 , BBOAHWaH B KY OT Bq reHepaTOpOB, KBSA-

paTZ~HO BaBHCHT OT HanpazeHHO~TH a4eKTpH'leCxoro DO~H, TO H8 DOC~eA-

aero COOTHOWeHHH C~eAJeT 

Qd "1 Op /I3/ 

T.e. B peaOH8TOp RY HeOC5XOAHUO BBOAHTb BABOe weHbwyD KOmHOCTb. 

~HTeHCHBHOCTb nyqxa AeKTOHOB H8 BHXOAe ~HHeHHOrO ycxopHTe~g, 

*1 3To aax~DqeHHe cnpase~Hso, ec~z saaopH B ycxopa~KX npo

wexyTxax OCT8DTCH TSKHWH xe, KaK A~.ll npOTOHOB. B ASAbHeK

weu C5yAeT noxaaaHo, q•ro tte~ecoo6paaao np11 ycxopeHJOI Aei

TOHos 6paTb 0d = cfp = -f /I{ aa C'leT COOTBeTCTBYICI!lero ywea~_,
WeHH.II A~ZHH ycxopaU14ero upouexyTxa. B 3TOM c~qae (jp G-J =J, 
a c yqeTou nposxcaHHH noAH B Tpy6xx APeM¢a Gp G d - ~ / i 

10 

BepOHTHO, C5yAeT MeHbWe HHTeHCHBHOCTK nyqKa npOTOHOB Ha-aa 

¢axTopos. 

a/ TaK KaK RY KMeeT ceTO'lHyD ¢oKycxposKy, TO npH ycxo 

H8 KpaTHOCTK 2 &SWeTHO AO~HO CKaa~BaTbCll cyzeHKe OC5~aCTH 

HHX B ycxopeHHe ¢aa xa-aa PSAHSAbHOK Ae¢QKyCKpOBKH. 

6/ YueHbWeH•e CKOpOCTK 'laCTKLt npKBeAeT K HeKOTOpowy y 

HKD noTepb xa-s~ wHoroxpaTHoro pacceaaza sa rase. 

ocoC5eHHO c~eCTBeHHaW HB~HeTCH ¢aKTOp /a/. B MAeSAbH( 

A~ll IJOJlll 11 KBSApaTH0H BO~H~" BH'IIIC~eHJII.Ii DOKa3HBSDT, 'ITO Ce'l 

oC5ecne~HB8eT CTaC5BAbHHe PSAHSAbHHe KO~e6aHHH B 06~aCTH ¢a~ 

-cp < 1]1 (1-2cf ) z . , 
rAe cf- xoa¢¢xttHeHT aaaopa. 

rrpx ycxopeHHK AeHTOHOB cf:: 0,5 H oC5~aCTb ¢aa, o6ec 

IIIaH cTa6MbHHe K PSAKSAbHHe KO~eC5SHWi t yweH.bi!IaeTCH AO HyJW 

casxe noJlll a TpyC5xx APel1¢a e111e C5o~ee ycyry6~eT BTOT ¢axTO 

TaKKM o6paaou, C TO~KK apeHKH CTpOrOH TeOpHK DpK yCKO 

A~KTOHOB He c~ecTsyeT ¢aa, o6ecneqze~ cTa6HAbHHe PSAH 

KO~eC5aHHH npH cr = 0,5. Ho Y'IKTHBSH, 'ITO Haw ~KHeHHHK ; 

ae HB~He'l'CH "A~KHH:h1M 11 t MOJI:HO 6WO 6H OJB:HA8Tb HeKOTOpOK KOHl 

KHTeHCKBHOCTH Ha BHXOAe RY, XOTH 0 CT86K~bHOCTK ycxopeHHOP( 

B STOW c~yqae, CK888Tb 'ITO-~HC50 TPYAHO. ITODHTK8 yCKOpKTb AE 

B STOM peli:KMe OK888A8Cb C5eaycneWHOH, HaM He YASAOCb 06Hapyl 

ycxopeHHHe a RY AeHTOHH. 

3aweTKM, 'ITO ec~K 6H Ham RY Mwe~ KBSApyno~bHyD ¢oxycx~ 

TO ycxopeHHe ~eKTOHOB, B STOW C~yt~ae, UOEHO C5WO 6H no~yqx~ 

HSMeHHH reoweTpKK ycKOPHDmeH CKCTeUH [6]. 
2/. PaccwoTpKM Tenepb ycxopeHHe AeHTOHOB npH cf=I/ 

TpeC5yeT HexoTopoi nepeAe~KH ycxopaDl!leH cHCTeYH RY. B npocTe 

c~qae Taxaa nepeAe~xa aa~D~aeTca a c~eAY~eu. 
II 



H8npHZeHHOCTH YCKOp~D-

npoue~TOK COCTBBAHeT 

B 06cy~aeNON Ba

.TOHa COCTBBKT dd = I/2 

/II/ 

Hee BNU~KTY~HOe SHaqe-

/I2/ 

T Bq reaepaTopoa, KB~-

/I3/ 

e NeHbwyD NO~OCTb. 

BOp~ B YCKOpH~HX npo

a npoToHoa. B ~~bHeA
BBO npu ycxopeHBX ~ei

JOTBeTcTay~ero yueHb-

B 3TOM CJIY'lae G-p Gl1
= J, 

~eii~Pa Gp G c:fL? i . 

BepOHTHO, 6y~eT MeHbWe HHTeHCHBHOCTK Dy'IK8 rrpOTOHOB Ha-aa ~BYX 

¢8KTOp0Bo 

a/ Tax KaK RY HMeeT ceTO'<~HYD ¢oKycxpoaKy, TO npx ycKopeHHK 

Ha KPBTHOCTK 2 SaNeTHO ~O~HO CK8B~B8TbCH CyieHKe 06A8CTH B8XBB4eH-

~ B ycxopeHxe ¢as aa-aa p~H~bHOH ~e~Poxycxponxx. 

6/ YNeHbWeH•e CKOpOCTH 'IBCTK~ npHBeAeT K HeKOTOpouy yBeAH'le-

HKD UOTepb HB-3 NHOrOKpBTHOrO pacceHHKR H8 raae. 

~AH UOJI:H "KB~pBTHOH BOJIH~" B~'IIKC~eHIIUl rrOKB3~BBDT, qTO CeTK8 

o6ecneqHB8eT CT86KJJ:bH~e p~HBJibH~e KO~e68HHH B 06JI:BCTH ¢aa 

-cp ( '11 (1.-2cf) z . ' /I4/ 

~- KO~H~HeHT saaopa. 

TipH yCKOpeHHH ~eHTOHOB d': 0,5 K o6~aCTb ¢aa, o6ecne'IHBBD-

TaKHN 06paaou, C TOqKH apeHHH CTpOrOH TeOpHH UpH ycxopeHHH 

AeHTOHOB ae c~ecTsyeT ¢aa, o6ecneqxa~ CTa6HJJ:bH~e p~H~b~e 

xoJie6aHHa npH cr = 0,5. Ho yqxT~BBH, 4TO HBill JIHHeH~H ycKopxTeJib 

HHTeHCKBHOCTH Ha BNXOAe HY, XOTH 0 CT80HJibHOCTH ycxopeHHOrO nyqxa, 

B 3TON CAyqae, CK888Tb 'IITO-JIHC50 TPYAHO. Tion~TK8 yCKOpHTb ~eHTO~ 

B 3TOM pe:m:HMe OK83~8Cb C5eaycneinHOH, HaM He Y~B.JIOCb 06Hapyli:HTb 

ycKOpeHH~e B nY ~eHTOHH. 

3aNeTKM, qTo ecJJ:H 0~ Haw RY aueJJ: KB~pynoJibHYD ¢oxyczpoaKy, 

TO yCKOpeHHe ~eHTOHOB, B BTON CJJ:yt~ae, MOIHO 6~JIO 6~ ITOJiyqaTb He 

xaueHHH reoueTpHH ycxopH~eH cxcTe~ [e]. 
2/. PaccuoTpKM Tenepb ycKopeHHe AeHTOHOB npx 

Tpe6yeT HeKOTOpOH nepe~e.JIKH ycKopg~eH CHCTe~ RY. B npocTeKweM 

CJJ:Yqae TSKBH nepe~e.JIK8 88KJJ:DqaeTCH B CJJ:eAY~eM. 

II 



Ha Tpy6KH ~pe~¢a ycTaaaa~HBaDTCH Hac~KH c TeM, ~To6~ yueHb

mHTb a~aoe ace ycxopR~e npouezyTKH /pHc. I/. D peay~bTaTe npH 

yCKOpeHHH ~e~TOHOB HS BTOpO~ Kp8THOCTH 8d = 0,25 z, c~e~oaa-
Te~bHO, yc~OBHH ~AH p~HaAbHOH ¢oKyCKpOBKH /!4/ OCT8DTCH TeNH xe, 

qTQ H npH yCKOpeHHH npOTOHOB. 

BOBHHKa~ee npH 3TON HBUeHeHHe pacnpe~eAeHHH yCKOpH~ero no-

AR B~OAb OCH peaOH8TOpa NOXeT O~Tb BNpaBHeHO C nouO~b~ HSCTpOe~-

HNX ~HCKOB H ~pyrHMH Cpe~CTBaNH. 

llocAe a~paBHHBSHHH noAH aoauoxeH He60AbillOH yxo~ ycxopa~e~ 

qacTo~. Kax noxaaNBaeT ¢opwyAB /7/; no~Oopou aHeprzz ¢opxnxeKTO-

pa H ypoBHH YCKOPH~ero Bq nOAH KOEeT 6~Tb BOCCTBHOBAeHO CHHXpoH-

aoe ycxopeaHe qacTK~. 

llpaB~a, a aTOM cAyqae aonpoc noAJqeana onTHMBAbHoro cneKTpa 

ycKopeBHHX qaCTH~ Tpe6yeT ~OnOAHHTeAbHOrO p8CCNOTpeHHH , ~TO 

Oy~eT a~noAaeao noaxe. 

B~x npoaeAeHH nepa~e axcnepHMeHT~ no nepecTpoAKe ycxopH~eH 

CXCTeMW RY K ycxopeHHD ~eHTOHOB. 

8TH BKCnepaueH~ nOK888JIH 1 qTO npH yNeHbWeHHH ~AHHN yCKOpHD-

~ upouexyTKOB a ~aa paaa y~aeTCH a~poaHHTb noAe c nouo~~ 

HacTpoeqHHX ~HcKoa, ycTaHOBJieHHHx aa APeH¢oa~ Tpy6xax. Yxo~ ~ac

TO~ ~y npH 3TON COCTSB~eT He 60Aee 2 1 5 %. ~8 ¢opuyA~ /7/ 

c.11e~eT, ~TO npK L n = UJI1'5t .zvra coxpaaeana cKHXpOHKaua c.11e~eT 

HsueHHTb ace }n ua ·re xe 2,5 %. 

llocAe nepecTpOHKH ~xaeHaoro ycKopHTe~H O~AH npoae~eHN axcne-

pHMeHTH no ycxopeHHD ~eATOHOB B RY. AeATOHN, npe~aapxTeAbHO ycxo

peHH~e B ¢opHaxeK~ope ~o 285 xaa, Jierxo aaxaa~BBAHCb a pexxw 

ycKOpeHHH H8 BTOpOH Kp8THOCTH B RY, np8KTHqeCKH COBn~a~H C pac-

qeTHHU. 

12 

0TNeTHN, ~TO eCAH npeae6pe~b HBUeHeHHeu L1£.y 
i ycxopa~ero no~ ~HHeAaoro ycxopHTe~H, TO noc~e np< )A~ 

RY ~e ATOHN x ~ -~acTH~ npHo6peTSDT: 

aaet?fHil 

Wd 

Wo<. 

-j_ Vtf> == 4/ 7 fv13 {j 1 

~.t( fv13B, 

OTHOCHTeAbHYD CKOpOCTb 

f 
j3d = _/><>< = 2 f p 

HMllYJihC 

B- =F} 
r;_ == 2 f/, 

) 

§ 5 . CHCTeua TpaacnopTHpOBKH nyqKa OT JIKHeHaOr 

YC KOpHTeJIH 80 CHHXp0¢8BOTpOH8 

CHCTeua TpSHCnOpTHp OBKH COCTOHT K8 p~a uarHHT~ K 

py~X 3AeNeHTOB X HH¢AeKTOp~ nJISCTHH 1 Ue~ KOTOp~H 

8AeKTpOCT8TH~eCKOe DOJie 1 OT~OHH~ee qaCTH~ nyqKa. 

TaK KSK MH d Ill H;+ HKeeu 

Pd e 
zd == z(l( ;; ) 

+ + 
TO ~eHTOHN H ~ B NSrHHTHHX 3JlBKeHT8X TpaacnopTHpy~e j 
Oy~T ~BHrBTbCH n o Teu x e Tp8e KTOp HHu 1 KaK H DpOTOHW. BOl 

13 



I/. D peayJibTaTe npH 

jd = 0,25 H, cJie~osa
/I4/ OCT8DTCR TeMH x e , 

~eJieHHR ycxopg~ero no-

JibillOH yxo~ ycKops~eH 

pOM 3HeprHH ¢opHHX€KTO-

BOCCT8HOBJI€HO CHHXpoH-

RH onTKMaJihHOrO cneKTpa 

'ITO 

nepecTpOHKe ycKOpH~eH 

Tb n0.11e C nOMOmPD 

OBHX Tpy6Kax. YX08 qac-

5 %. ~a ¢opuy.IIH /7/ 

g O~JIH npose~eHH aKcne-

H, npe~sapMTe.llbHO ycxo-

.xB8TI>IB8JIHCb B p eXKM 

.'leCKH C0Bll~8DIU4~ C pac-

'18CTOTI>I 

i ycxopg~ero no~ JIHHeHHoro y c xop HTe.IIR, TO noc.11e npoxo~eHI4B 
) IIY 

RY ~eHTOHH x a( -qacTH~ npHoOpe TaDT : 

3Heqr!Ul 

z Wp == 41 7 M313, 

..5;4 1'138, 

OTHOCHTe.llhHYD CKOpOCTh 

KMnY.IIbC 

) 

§ 5. CHCTeMa Tp8HCnOpTMpOBKH nyqxa OT JIHHeHHOrO 

ycKopHTe.IIH 80 CMHXpo¢aaoTpoHa 

/ 15/ 

/16/ 

/17/ 

CHCTeua Tp8HCnOpTMpOBKH COCTOMT K3 PH88 uarHMTHHX KOppeKTH-

py~X 3JieYeHTOB K MH¢JieKTOpHHX n.IIBCTMH 1 Ye~ KOTOpHYH C03~8eTCH 

a~eKTpOCT8TM'I€CKOe DOJI€ 1 OTKJIOHH~ee '18CTH4H ny'IK8. 

TaK Kax MR d 

) /IS/ 

++ 
TO ~eHTOHH Ill He B uarHHTHI>IX 3JI&MeHT8X TpBHCnOp TMPY.IlllleH CHCTeYH 

oy~T ~BMraTbCH no Teu se TpaexTopMHu, KSK H n p oTOHH . Boauoxuo , 

!3 



O~H8K0 1 qTQ TIOTpe6ye~ca HeKOTOpaR KOppeKTMpOBKB TOKOB B aneKTpO-

·warHMTBX CHCTe~ ) TIO UOpH~Ky Be~HqMHH paBHaR 

tl I-== I. ( J1 fll':f ) 

p f;,y ) 
/19/ 

r~e 

~p - TOK npH TpaHCDOpTMpOBKe npOTOHOB 1 

J~?i - OTHOCHTe~bHHH yxo~ qacTOTH npH oepecTpOHKe HY . 
A!f 

CMe~eHze qacTH~ A j , npo~eT~eH co cKopocTbD ~ 
cl c<~H'P) 

yqacTOK ~~KHOH ~ B a~eKTpaqeCKOM no~e HallpHEeHHOCTbm L 1 

H8ilp8B~eHHOM nepne~HKyAHpHO CKOpOCTH 1 SaTIKllieTCH KBK 

46 f )2 /20/ 

n oaTowy ~a coan~eHMH TpaeKTOpHH 

npOTOHOB B MH<jJJleKTOpFWX n~BCTHHBX 

++ 
d H He c TpaeKTopHe~ 

(UH<p) 
He06XO~HMO yMeHbWl4Tb G B 

~aa paaa, T.e. CHH3HTb HanpaxeHHe V {UHtp) 
HB BHCOKOBO~bTHOH 

n~aCTMHe ~o ae~v.qHFW 

r~e 

I/ (UHtf) _ _L ,; (Uif~) 
Vcf - 2 v? ) 

II (tAHtp)- I i /(UHtj'J) 
Vo( - :Z Vp 

1 

/2I/ 

/22/ 

(t1H& Vi - HanpaxeHHe HB BHCOKOBO~bTHOH HH<jJJleKTOpHO~ D~BCTHHe. 

§ 6. BB08 DYQKB B CHHXPO¢aaoTpOH 

RBK 6H~O OTWeqeHO BHWe 

Pa = ~ _) ?=~ "'- ' _) 

n· 
~ 

... 

D03TOMY WBI"HHTHOe no~e B CMHXp0¢ 830TpOHe B WOMeHT KHXeK~ 

HO 0HTb paBHO 

(u H?£<.) (u#X<- ) ( IA H .:>«") 

He~ ;;:= /--&_ = l-Ip . 

ilpOM8WK8 HHXeKTMpOBBHHOI"O nyqKB ~eHTOHOB OTHOCHTe~b 

TOp HHX il~BCTHH 6y~eT B ABB p aaa OO~bWe n p OWSWKM npOTOHOE 

QH8 onpe~eAaeTCH pOCTOW MBI"HMTHOI"O no~a 38 apeKH O~HOI"O 

HHXeKTHpOBBHHHX QBCTH~ DO Op0HTe yCKOpHTe~a. il03TOwy MOZ 

~ B ~Ba paaa pOCT MBI"HHTHOI"O no~a 8 MOMeHT HHXeK~HH 1 y 

apewa HHXeK~HH B ~a paaa. llpM aTOM KO~HQeCTBO QBCTH~, 8 

a YCKOpHTe~b, yae~HQHTCS B~Oe , qTo ~aCT BOSMOXHOCTb Q 

CKOMneHCKpOBaTb DOTepH HHTeHCHBHOCTH HS-38 ~pyrHX ~KTOp 

§ 7. YCKOpeHHe B CHHXpO¢aaOTpOHe 

3aKOH HSMeHeHHH QBCTOTH ~O yCKOpa~ero no~a ~~H ( 

¢aaoTpOHB npH ~BidlteHHH QBCT~ no opOKTe c Ro = con-:st HliE 

.zzyll!lee BHpB.J[eHv.e : 

r~e . 

fo 'j [oo ~ ~ 

JFoo - npe~e~bHaR QBCTOTB oOp~eHHa peAHTV.BKQTCKOA ~ 
no op6HTe cHHXpo¢aauTpoHa/ 

1- - KpBTHOCTb yCKOpeHHH . 

I 14 15 ............ ________________________________________ ___ 



BK8 TOKOB B 3~eKTpo-

/I9/ 

0 CKOpOCTbD _/3 
c (HHtp

1

') 
liip.Hll:eHHOCTbll C 

!eTCSi KBK 

/20/ 

++ 
~e C TpaeKTOpHeH 

' yMeHbiiii4Tb C (UH<p)B 
j 

HB BbiCOKOBO~bTHOH 

/2!/ 

/22/ 

JieKTOpHOA n~aCTHHe. 

t 
I 

I 

ll03TOYY MBrHHTHOe no~e B CHHXp0¢830TpOHe B MOMeHT KHEeK~HH ~O~X

HO 6b1Tb paBHO 

/23/ 

ilpOMBWK8 HHXeKTHpOBBHHOrO ny~K8 ~e~TOHOB OTHOCHTe~bHO HH~eK-

TOpHHX ll~BCTHH 6y~eT B ~B8 paaa 60~bWe npOUSWKH llpOTOHOB 1 T8K KaK 

oHa onpe~e~eTca pocTou uarHHTHOro no~ aa apeua o~Horo o6opoTa 

HUieKTHpOB8HHHX qaCTH~ no op6HTe ycKOpHTe~s. il03TOyY UOZHO, aBMe~-

~HB a ~aa paaa poeT uarHHTHoro no~a a uoueHT HHXeK~HH 1 yae~HqHTb 

apeMH HHll:eK~HH B ~a paaa. ilpH 3TOM KO~H~eCTBO qaCTH~, BBe~eHHbiX 

B ycKOpHTe~b, yae~H~Tca B~Boe , ~TO ~aCT BOSUOli:HOCTb ~BCTH~HO 

cxouneHCHpOBaTb llOTepH HHTeHCKBHOCTH Ha-aa ~pyrHX ~KTOpOB. 

§ 7. YcxopeHKe B CHHXpopaaoTpoHe 

3aKOH HSMeHeHH.H ~aCTOTH fo ycKOP.Hilllero f!OJI.H ~JlSi CHHXpO

¢aaoTpOH8 npH ~azxeHHH ~acT~ no op6KTe c Ro= UJfl-:Jf HUeeT c.ne

~llllee aupaxeHHe : 

/24/ 

foe - npe~e.llbHM ~8CTOT8 06pru.qeHHSi pe~THBIIIQTCKOH ~8C'N14hl 

no op6HTe CHHXpo¢aavTpOHa/ 

Cj- - Kp8THOCTb yCKOpeHHSi . 

15 



r~e 

PacxpHBaH aTo BHpaaeaxe qepea napaueTpH y cKopaTeAa, no~~HM 

fo c p 
127TRo+ l ·. VM2 +P2 • 

J /25/ 

P::: 300H Roz _, 

f?o - pa~H,YC p8BHOB8CHOM Op6MTH /cw/ CHHXpQ¢880TpOH8~ 
~ - CyMWapHaR ~~HH8 npHYO~HH8~HHX npowexyTKOB /cw/ • 

Ha ¢opwy~H /25/ c~e~eT, qTo aaKoH xaweHeHHH qacToTH o6pa

++ 
~eHKH 6y~eT OAHH8KOBHW K8K ~~ ~8HTOHOB, T8K H ~~H fie , HO cy-

~eCTB8HHO OT~H~8TbCH OT 88KOH8 06p~eHHH ~H npOTOHOB. 

u+r 
~eHTOHH /HAM 17e I, aazeKTMposaHHHe a caaxpo¢aaoTpoa, 6y-

~T MY8Tb qaCTOTy 06p~eHHH B ~Ba paaa Y8HbmYD 1 qey npOTOHH 0 T8K 

f.AHXC iAH:>K I UH:>K 
KSK J3d = Po<. = 2 f3p • 

B pe~HTKBHCTCKOM c~qae qacToTa o6p~eHKH KaK npoToHoa, TaK 
++ 

a ~eMTOHOB /a He ~ npa6~HllaeTCH K aaaqeHHD fe>o , paaHowy 

I ,44 Mrll• 

TaKHM 06pa80M 1 ec~H B8CTH YCKOp8HHe Ha nepBOH KpaTHOCTK, TO 

CKCT8M8 BHCOKOH qaCTOTH ~O~llH8 06ecne~KTb H3M8H8HKe qacTOTH yCKO

pg~ero nOAH OT ~a¥.d= roo Krll ~0 1,44 Mrll. I4-Kp8THOe nepeKpH

THe ~HanaaoHa ~8CTOT HB~H8TCH ~OCT8T04HO C~OllHOH T8XHH48CKO~ 88-

~848H H, 8CT8CTB8HH0 0 ll0Tpe6yeT 8HaqHT8~hHHX nepe~e~OK B CHCTewe 

BHCOKQq8CTOTHOrO llHT8HKa CKHXp0¢830TpOH8 1 KOTOpaR paCC4HT8Ha TOAh-

KO H8 7-Kp8TH08 ncpeKpHTHe. 

16 

B CBHSH C 3THM npe~araeTCH OCy~eCTBHTb pellKM y< 

~sa aTana /cu. _ pac. 2/ : 

I. Haq~bHHe yc~oBHH pellKMa aaxeaTa a ycKopeHKH 

++ 
HOB M fie COXpSHHDTCH TSKHMH ll8 0 qTO M ~H npOTOHOB. 

~ae no OTHOW8HHD K y CKOpH8MHM qacTHLISM BHCOKOqacTOTl 

6y~eT pa60T8Th B peXKWe BTOpOH KpSTHOCTH, T.e. 

fycKOPH~ero 
no~H 

= 2 f 06p~8HMH ~8HTOHOB 
no op6HTe 

B~HMo, aa aTOM aTane ycKopeaKH I.~e~ecoo6paaao acr 

seCb pa60qKH ~HanaaOH ~8CTOT 0 npKM8HH8MllH ~~H ycKopeH~ 

ilo~araH ~ = 2 14 £::; fc:x> = I, 44 Mrll, a a ¢opyY..Ilbl I 

onpe~e~HTb HanpHX8HHOCTb MarHHTHOro llOAH, np14 KOTOpOM 

CH nepBHH 3T8ll yCKOp8HHH H KOTOpaH OK83HB88TCH paBHOH 
• 3 H1 KOH= I300 apcT, qTo npa H = 4 • . IO apcT/ceK c 

eT ~AHT8~bHOCTH yCKOp8HKH 0 paBHOH 3I5 MC8Ko 

2. BTopoH aTan ycKope HKH aaqaaaeTCH npa 

H1.110H. == Hz H atr. = I 300 a peT. nepeao~OM BhlCOKOtJSCTOTH 

ilHTSHHH B pellHM y CKOpeHKH HS nepByil KpSTHOCTb H 38KBH"' 

~OCTHll8HHH MSKCHM~hHOM 3HeprKH ~8CTMLI• Ha BTOpOM 3T8ll 

~aCT0T8 o6p~eHMH ~8CTI4I.l 1 8 C~e~OB8T8AbH0 1 H qacTOTU 

no~H 6y~yT H3M8HHTbCH B ~Ba paaa, T . e. OT 720 Krll ~0 

Oco6h!H HHTepec npe~cTaB~HeT paccwoTpeaae pexHMa n 

~CKOp8HMH Ha 2-o~ KPBTHOCTH K ycKopeHHD H8 l-OH KpSTHO 

CTB8HHhl~ nepexo~ OT yCKOpeHHH npH ~ = 2 K YCKOpeHHD 

HaM npeACTBBAH8TCH H8I.l8~8C006pa3Hh!M no ~BYM npH4HHSM: 

a/ nepexo~ OT ~BYX 06~8CTe~ yCTOMqHBOCTH npH 

!7 



J /25/ 

CHHxpo¢aaoTpoHa~ 

Ipowe:a:;yTKOB /cw/ • 

leHeHHH 48CTOTH 00pa-

H +-f-
lK H ,li~H e , HO Cy-

IR npOTOHOB. 

B CHHXpO¢aaoTpOH, Oy-

!HHR KSK npOTOHOB, TSK 

!HH.IO fc!::>= , paBHOyY 

' nepBOH KpaTHOCTH, TO 

.• 14-KpaTHoe nepeRpH-

OTOpaH paCC4HT8Ha TO~b-

B casaH c aTHM npe~araeTcH ocy~ecTBHTb pe~KM ycKopeHHH a 

~sa aTana /cw • . pMc. 2/ : 

I. HaqSAbHHe yc~oazs pezMMa aaxaaTa H ycKopeHHH ~H ~ei1To
++ 

HOB H fie COXpSHHDTCH TSKHMH ze, qTO H ~~H npOTOHOB. B aTOM C~-

Oy~eT pa00T8Tb B pe~e BTOpOH KpSTHOCTH, T.e. 

f yc KOPH.UI~ero 
no~s 

:: 2 f OOp~eHHH ~eHTOHOB 
no opOitTe 

/C.6/ 

B~HMO, HS 3TOY 3Tane ycKopeHKH ~e~eC006paaHO HCUO~b30B8Tb 

no~aras 1-- :: 2 l4 £ := foo :: I, 44 Mrl..\, !43 <flopwyJW. /25/ YO.KHO 

CH nepBHH 3Tan yCKOpeHHH H KOTOp8H OK83HB8eTCH paBHO~ 

H1. KOil I 300 a peT, qTo np111 H = 4 • . I0
3 

apc•r/ceK cooTBeTcTay

eT ~HTe~bHOCTH yCKOpeHKH, paBHO~ 3I5 MCeK, 

2. BTopoH aTan ycKopeHKH HaqHHaeTcs npH 

H1.1{0H. ;:::;: fl,z H a'(.:: I 300 a peT. nepeBO,!IOM BHCOKoqacTOTHOi1 CHCTeMU 

UHTSHH.!i B pe~IDl yCKOpeHHS HS nepByD KpSTHOCTb H 38K8HqHBSeTC.!i UpH 

,!IOCTHllteHIIIH MSKCKM~bHOi.i: 3HeprHH 48CTHI..\• Ha BTOpou 3T8lle y cKopemm 

qacTOTa o6p~eHHH qacTHI..\, a c~e.z~oaaTe~bHO, H qacToTa ycRopR~ero 

UO~.!i 6y,llyT H3MeHHTbCH B ,!188 paaa, T , e, OT 720 Krl..\ ,!10 !,44 Mr l..\o 

Ocoou~ HHTepec npe~cTaa~neT paccuoTpeHwe pelltMMa nepexo.z~a oT 

~cxopeHKH Ha 2 -oi.i: xpaTHOCTH K ycKopeHHD Ha I-oi1 xpaTHOCTH. Henocpe.z~

CTBeHHHi1 nepexo~ OT yCKOpeHHH npH ~ = 2 K yCKOpeHH.IO npH ~ = ! 
HBM npe~CT8B~.!ieTC.!i Hel..\e~ecoo0pa3HHM no .IIDYM n p HqHHSM: 

a/ nepexo.z~ OT .IIBYX 06~8CTei1 yCTOHqHBOCTH npH q, = 2 K 

!7 



O~HOM, eCTeCTBeHHO, npHBO~HT K ilOTepe HHTeHCHBHOCTH, B ~4WeM CAy-

qae, B 2 paaa ; 

o/ nepexo~ ~oAzeH O~Tb npoHaBe~eH ~ocTaTO'IHO 6~cTpo, x npx 

3TOM ~0./IXHO O~Tb oOecnetleHO TO'IHOe COBn~eHHe 'l8CTOT~ H ¢aa~ yci<o-

pg~ero HSUpgzeHKR H ti8CTOT~ K ¢8~ 06p~~erOCR nytlK8 'l8CTH~ 1 

'ITO DpHBO~HT K ~OilOAHHTeAbH~ TeXHHtleCKKM paapa00TK8M. 

B CBR3H C 3THM npe~AaraeTCR ~g nepexo~a OT yCKOpeHKH npH 

~ = 2 x ycxopeHHD npa q. = I acnoAbSOBaT& peiHM "nepeaaxsaTa" 

ny'IK8 Ha "CTOAe" MarHHTHOrO UOAR, KOTOp~M ~OCT8TO'lHO xopawo HCCAe

~OB8H 131• CyT& ~aaHoro peZXMa aaKADtlaeTC.II B CAe~~eu: npx ~OCTK

zeHHH uarHHTHoro nOAH, pasHoro I300 apcTe~ /a KOH~e nepaoro aTana 

ycxopeHKH/ B KpHBOH r 
rASBHOrO TOK8 uarHHT8 CKHXp0¢ 830TpOHa ocy-

ll(eCTBAHeTCH peZHM "CTO'AS" /nOCTORHHOe BO speueHK uarHHTHOe ilOAe/ 

a aaTeu a~KADt~aeTCH B4 ycxopRDU{ee noAe . 4acTx~~. aa ct~eT aHepre

THt~ecKoro paa6pOC8 ilOCAe HC'183HOB8HHR 06A8CTH YCTOM'IKBOCTH, H8'1HyT 

"paa~BaTbCH" no aaHMyTy H t~epea ~ I weeK pacnpe~eAR~TCH no ace

MY aaxuyTy ycxopxTeAH, npxt~eu p~xyc op6xT~ nyt~Ka Oy~eT coxpaH.IITb

CH nOCTOHHHHM. TIOCAe B~KAD'IeHHH B~COKOH ti8CTOT~ B CHCTeyY 8BTOUO~-

CTpOHKH WHpOKODOAOCHOrO yCKAKTeAH no~aeTCR CM8ll{8HH8 OT CXeMN na

MHTH1 06ecnetiHB~ee H8CTpOHKY B~O~HOrO K8CK~8 H8 t18CTOTY 720 K~~. 

0~H0BpeueHH0 1 38 CtleT H3M8HeHHR KpyTK3HH B 2 paaa, 38~8Dll{HM reHe-

paTop annepaTyp~ CBHBH fo = f (H) nepecTpaxsaeTCH Ha t~acTo-

Ty 720 xr~. 38T8M OCyll(8CTBAHeTCH DOBTOpHOe BKAD'IeHHe B~COKOH 

qaCTOT~, o6ecne'IHB~ee ilOBTOpHHH 38XB8T H ycxopeHHe Ha nepBOH 

xpaTHOCTH. ilOCAe DOBTOpHo·ro 38XB8T8 npeKpaiiiSeTCR pezHM 11 CTOA8 11 
1 

t~ew oOecnet~xaaeTCH ~SA&HeKwee ycxo peHxe ti8CTH~ ~o npe~eA&HOH 

/3/ 
3HeprHH. KaK DOK8 38AH 3KCnepKMeHT~ 1 BO BTOpOH 3T8D YCKOpeHHH 

I8 

MOZHO 38XB8THTb ~0 60 % KHT8 HCKBHOCTK . 0~H8KO , 8CAH Dp: 

~HSAbHHe M8p~ H OCyll(eCTBHTb ¢Q BOByD rpynnxpoB~ ti8CTKq 

MOZHO 88XB8THTb BO BTOp OH 3T8D YCKOp e HKH ~0 80 % KHT8HC 

B 3TOM C~tl8e He06XO~KUO Z8CTKO CKHXpOHK80B8Tb MOM8HT J 

BKAD'I8HKH B~COKOH '18CTOT~ C KOH~OM "CTO~a" KAH H8Q8AOM 

p0CT8 M8rHHTHOrO DOAS. 

Tipe~CT8BABeT HHTep ec p8CCM0Tp8Tb BODp OC 0 BM60pe ~ 

ycKOPRDitero HanpgzeHJIR Ha o6oax aTanax ycxopeHKR, 'IT061i 

o6ecnet~eHKR HopuSA&Horo pezxua y cxopeHKH, o~eHKT& t~acTc 

TpOHHMX KOA868H•H H H3M8H8HHe e e B ~KKAe. 

48CTOTy CKHXpOTpOHHMX KOAe68HKH MOKRO ODpe~eAKTh D 

~e£5] 

r~e 

ftp ==fo ,/~ Vo KF 6in% 
I 

zVo - M8KCKMSA&H8H 3HeprKR, KOTOPYD MOZ8T npxo6pe' 

t18CTK~8 88 O~HH 060p0T /aB/ 1 

~ - paaHoaecHSH ¢aaa, 

l: - ilOAHSH 3HeprHH Q8CTK~ /aB/J 

1 J1 1. K= + - ·-z. ~ 
1-n p i. . -1. 

F == 1- ~ (2ff'Ro-+lF·[ n+ j3 2(i-n)] .) 

J1 - DOK888T8A& ' CD~8 MSrHKTHOrO DOA.II .) 

OCTSA&HMe 0608H8'18HKB DpaZHKa. 

BMpaaKM t18CTOTy CKHXpOTpOHHMX K0Aa68HHH qepea H8Dp2 

uarHKTHoro noAa, yt~KTMBSH, 'ITO ~AR cxaxpo¢aaoTpOHa OHHH 
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HOC Til 1 B JIY'4.WeM CA;j-

t~acTOThl H ¢aahl ycl<o-

aCiOTKSU. 

OT yCKOpeHHR npH 

eZHM "nepeaaxaaTa" 

KOHQe nepsoro aTana 

Hxpo¢aaoTpOHa ocy

HH warHHTHOe ilOAe/ 

~npe~eAHDTCH no ace-

t~Ka Ciy~eT coxpaHHTb-

hi B CHCTeyY 8BTOUO~-

~eHHe OT cxeMH na-

aaa, aa~a~H reHe-

Tp8HB8€TCH H8 '18CTO-

opeHHe Ha nepBOH 

CH pexHU 11 CTOAa", 

~0 npe~eAbHOM 

opoA aTan ycKopeHHH 

MOZHO 88XB8TilTb ~0 60% HHTeHCBBHOCTH. 0~H8K0 1 ec~H ilpHHHTh cne

QHSAbKhle a.tephl K oc~eCTBHTh ¢aaoayD rpynnKpoa~ qacTz~ 141, TO 

MOZHO 88XB8THTb BO BTOpoft 8T8n yCKOpeHHH ~0 80 % HHTeHCHBHOCTH. 

B 3TOW CJIYqae HeOOXO~KUO ZeCTKO CHHXpOHHBOBSTh MOMeHT DOBTOpHOrO 

BKADqeHKa BhiCOKOH 'ISCTOThl C KOHQOM "CTOAa" KAH aaqSAOM DOBTOpHoro 

pocTa uaraHTHoro noAH. 

ilpe~CTSBAHeT HHTepec paCCMOTpeTb BODp OC 0 BHCiOpe BMnAHT,y~ 

ycKOpH~ero HanpgzeHKH HS 000HX 8T8D8X ycKopeHHH 1 qT00H
1 

nOMHMO 

OOecneqeHKH HOpMBAhHOrO peZKYa yCKOpeaKH 1 OQeHHTh qaCTOT,y CHHXpO

TpOHHhiX KOAeOaa•ft H HaMeHeHHe e e B QHKAe. 

qaCTOT,y CHHXpOTpOHHHX KOAe08HHM MOZHO onpe~eAKTh DO ¢opuy-

.lle { 5} 

r~e 

f == 1' lz Vo KF 6in ¥b 
YP Jo 2rr~ £ I 

% 
E 

- M8KCHM8AhHBS aHeprHH 1 KOTOPYD MOZeT npzoOpe CTH 

qacTHQa aa o~HH oOopoT /as/ , 

- p8BHOB9CHBS ¢aaa, 

- nOAHaa aaepraa qacTHQH /aa/, 

n - DOK8B8T9Jih ' CnQAa MSrHHTHOrO n OAH _1 

ocTBAbHHe oOoaaaqeaas npezxze. 

/ 27/ 

Bwp88HM '18CTOTy CKHXpOTpOHRhiX KOAe0SHHft qep~B HanpaxeHHOCTh 

uarHHTHOro nOJIH, yqHTHBM' qTo ~AH CHHXPO¢aaoTpOH8 OIDIH n = 2/3' 
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Ro = 2800 cw , L = 3G00 cw , a TBK:ae 

2_ z ( 3C0z H Ro) 
j3 == M 2 + (300z HRoJ2 ' 

/GS/ 

K ~ 1 + 2 j3-z ) / 29/ 

F == 1 - o, 4 7 ( 2 +)3 R_) - d. / 30/ 

Y~HT~BaH ¢QPMyAY /25/, nocAe HeCAO:I:H~X npeoOpaaoaaHHH no~-

~J()ol : 

I = . r;;' C ~ 2,53 z v; 1in '&_ '~'/!?6tJ5N-?,.(3o/Jz H Ro/)
2 

)f Vlf.- ?r-f?.+ ' 2 r /31/ 
__ .v o ~ rr L 112 +(300z HRo/}3 ' 

HB ¢opwy~ /31/ B~H0 1 ~TO ~8CTOT8 CKHXpOTpOHHHX KO~e0aHHH 

ue~AeHHO yO~saeT C pOCTOM H8llpH:I:eHHOCTH u arHHTHOrO ll0AH1 8 npH 

uaJiwc aaa~eHiiUiX H npaKTH~eCKH nocToHHHa. 

Qnpe~eAHM BeAH~HHY OllTHY8JibHOH SMllAHTy~ yCKOpH~ero H8llpH-

JteHHH Vo 1 
HCllOAbBYH npeo6pa30B8HHOe B~paxeHHe ~AH p~Ha4bHWC 

paauepos cenapaTpHcc~ /S/ . 

ljn-fi=(blz Ro J 

r~e 

'lT KF (i-n/J3£r E 
2zVo eM~ ~ ) /2!2../ 

{) - M8KCKY8Jib~H p~H8AbH~H DO~paauep cenapaTpHCCN HAK 
Jmax . "J 

B ¢yKKUKK OT fl KMeeu, .14CD0Ab3YH paaee Ha~eH~e COOTHOmeHRR~ 

fn '()- ~ma;<)'l. 2 53 1Ttt (~ 60SMZ+p2J p2. 
(J ftlo~o - { Ro ) ;g z Vo CLJ1 flo . ( 1'12 + PJ ~ . ~ ,t33/ 

P= 300zHRo. 
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HeoOxo~~A npKpocT aaeprHH paaaoaecHOH Q8CTK4~ sa o~H 
++ 

IIJ.JU1 npoToHa H ~eAToHa - 2, 32 xas ; MH He - 4, 64 K 

CKMO OT ee aapg~a 00ecne~HB8eTCH yCKOpg~ H8DpRlteHHeJ 

aMllJlliTy .lUi. 

T8KHM o6paao.u: 1 llOJiara.H Vo CtJj rs= 2 
1 
~ KB H npl 

. ~H~) 
Hy paoo~eH oOAacn Ha noJie KJU:eK~HH H = 160 apc1 

roo CM I 0 = 50 c.u:/, MO:I:HO onpe~eAHTb J~x ~ , penuu: 

KKM cnocooo.u: ypasHeHHe /33/. Pac~e~ noxaa8JIH
1 
~TO ~ 

HU ycxopeHIIB aa nepaou aTane aeoOxo~KMo KMeT& Ll W = 

qTo ooecne~HaaeTCH ycxopg~ aanpg:aeHze.u: a.u:nJIHTy~ ~ 

TaKKM o6paao.u:, ycKopeHze aa 1-o.u: BTane JierKo oOec. 

o~HHM K8H8Jlo.u: WHPOKonoAocaoro ycHAHTeAH. OxaaaAoc&, ~To 

HO~ 8MllJIJI~,!Ui YCKOpH~ero HBnpHJteHHH S ~H8ll880He HBMeHeJ 

aoro llOJl.fl OT !60 BpCTe~ ~0 1300 3pCTe~ ~8CTOTa CHHXpOTpC 

oaHHH npaKTK~ecxK noqTOHHHa • pasHa I500 r~. llocxOAbKy ( 

UK rap.U:OHHK8M.l4 uarHHTHOrO DOJIH HSA~DTCH rap.u:OHHKH I200 

I800 r~, BTOT pe30H8HC CKHXpOTpOHHHX KOJle08HHH C rap.U:OHM 

HHTHOrO llOJlH H8 nepBOK BTane yCKopeHH.fl He npe~CT8BJIHeT H 

Oll8CHOCTH. 

Pac~eT 8MUJ1.14Ty~li YCKOpRJllllero HanpHJteHHH Ha rr 3Tane : 

npomaso~KTCH T8K xe, KaK .14 H8 I BTane, C TOH AHmb p88HJ4~( 

aaa~eaae D onpe~eAHeTc.H s XOH~e I BTana. Kpo.u:e Toro . 
J ma;< · 

~HMO y QHT!iB8'l'b e~e O~HO 06CTOHTeAbCTBO : HSAK~He 00AbWHJ 

~HA A He Ha "cTOJie" uarHHTHOro noJlg He suausaeT ~onoJJ 

Hlie p~HSAbH!ie KOJle0aHH.H (!J I?) nyqxa. B CB.HBH C 3THM CJie 

JIH~HTb aun~KTy~ YCKOpH~ero aanpg:aeazg ~ ooecne~eHH.H H 

HO r O 88XB8T8 H YCKOpeHHS H8 IT 3Tane. 0CHOBNB8.f!Cb H8 BKCne 

2I 



/'G8/ 

/29/ 

/30/ 

npeo0p830B8HH~ ilOJIY-

'N~{JO/Jz; H Ro/J:
311 

+(300z HRo/}3 
' 

HHTHOrO UOA.Il 1 8 DpH 

-~ ycKOP.Illlllero aanp.11-

CJ ) /32/ 

tuep cenapaTpxcc~.J HJIK 

l~eHHHe COOTHOIDeHIDI _, 

12.+ p2) 2. 

p2J~. p~ /-33/ 

HeoOxo~HMHM npxpocT aaeprxH pasaosecHOM qacT~~ aa o~xa oOopoT 

H.
++ 

/)J.»l npOTOH8 H ~eMTOH8 - 2 1 32 K3B; ~JUI e - 4 1 64 K3B/ He38BK-

CKUO OT ee aapn~a 00ecnet~HB8eTCR yCKOpn~ HGDpRZeHHeY O~HH8KOBO~ 

aynJUITy .lOi• 

T8KHK o6paaow 1 DOJiara.H Vo CIJj ~: 2 1 3G KB H npHHHYWI WHpll-

H~H?Kl__ 
Hy pa6ot~e~ 00J18CTH H8 DOJie HHaeK~HH !60 3pCTe~ p8BHO~ 

roo cw I 0 =50 cu/, MOZHO onpe~eJIHTb J WI() .X 
, pemHB rpa¢Ht~ec-

KKY cnocoOow ypasaeHxe /33/. Pacqe~ noKaaBAz, t~To ~.II oOecnet~e

HHR ycKopeHil.ll H8 nepBOW 3T8ne HeOOXO~HYO KYeTb Ll W = 4 1 7 2 K3B 1 

QTO oOecneqxsaeTcn ycxop.11~ aanpnzeazew awnJIHTy~ ~ = IO KB. 

TaKHW o6paaow, ycKopeHxe aa l-ou aTane JierKO oOecnet~HBaeTcs 

O~HKY K8H8AOW mHpOKODOJIOCHOrO ycHAKTeJIH. 0K838JIOCb 1 tiTO ~JIB ~8H-

ao~ SYDJIHTY~ ycKop.H~ero aanp.HzeHK.H B ~zanaaoHe HaweaeaH.H waraxT-

HOrO DOJI.Il OT !60 3pCTe~ ~0 1300 3pCTe~ ti8CTOT8 CHHXpOTpOHHUX KOJie-

0SHH~ Dp8KTHtleCKH noqTO.IlHH8 H p8BH8 1500 r~. ilOCKOJibKY 6JIHa8KmH-

WH rapWOHHKSWH uarHHTHOrO DOJI.Il .llBJiaDTC.Il rapuOHHKH 1200 r~ H 

I800 r~ 1 3TOT pe30H8HC CHHXpOTpOH~ KOJie08HK~ C r&pWOHHKSYH uar-

HHTHOrO DOJI.Il H8 nepBOK 3T8De yctcopeHK.Il He npe~CT8BJI.IleT HHK8KOH 

onacuoc'l'H. 

Pact~eT SYDJIHTy~H ycKOp.H~ero Hanp.HzeHH.Il H8 n aTane ycKopeHH.Il 

npoaaBO~KTC.Il T8K ze, K8K K H8 I aTane , C TOH JIHWb paaHK~e~ 1 'ITO 

D onpe~eJI.HeTC.Il B xoa~e I aTana. Kpoue Toro, aeoOxo
Jma;< 

yqHTHBS'l'h e~e o~Ho oOc'l'O.HTeJihCTBO: HBJIKt~xe OOJihWKX nyJibca-

1.{14~ A He aa "c'l'oJie" uarHH'l'Horo nOJl.ll He BHaHsaeT ~onoJIHKTeJib

aHe p~li18JihHHe KOJie0aBH.Il (tJ I?) nyt~Ka. B CB.Il8H C 3TKY CJie~eT yBe

JIKtiKTb SKnJIHTy~ YCKOp.ll~ero HanpgzeHHS ~ oOecnet~eHH.Il HOpUSAb-

HOrO 88XB8T8 K YCKOpe HHS H8 il 3Tane. 0CHOBHSWlCb H8 3KCDepHMeHT8Ah-
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HHX ~8HHHX 1 KMeew 

1 tdi -3 
( tJ RJ 

Ro 1-rJ 
_c I= ~2·/IJ , 
1-fc He:= 1300 3pcre.J1.

1 

H
1 
~e~aR COOTBeTCTBy~H nepecqeT HS yse~gqeHHe Acr.x 1 no~-

qKM ~JUl n aTana ycKopea:~m Ll w = 5 I I X3B. ,U.!Ia ycKopeHIDI Ha n 

aTane Heo6xo~HUo ycKopa~ee HanpaxeHHe awn~mTy~u ~ = 21 KB 1 

KOTOpyD MO%H0 TSKEe no~qHTb npH pa6oTe O~HOrO KSHS~a mHpOKOllO~OC-

HOrO ycH~HTe~a. llpH T8KO~ aMll~HTy~e yCKOpa~ero HanpaxeHHll qaCTO-

TS CHHXPOTpOHHUX KO~e6aHKH B Haq~e TI 3T8ll8 pasHa 1100 r~ H 88-

Teu ue~~eHHO y6usaeT c p o cTou uarHHTHoro no~a , npoxo~a aHaqeHHe 

600 r~ npH fl = I2 Ka • XapaKTepHo, qTo peaoHaHC CHHxpoTp oH-

HUX KO~e6aHHH C rapuOHHKOH llO~ll 1200 ru 8BTOM8THqeCKH 06XO~HTCll 

8 peay~bTSTe nepexo~a ycKopeHHll co sTopoV. Ha nepsyro KpaTHOCTb. 

060RTH pe80H8HC C rapUOHHKOR llO~ll 600 ru UOXHO nporpaMMHUM yse-

~HqeHHeU aMll~HTY~ ycKOpllD~ero HSnpaxeHHll B KOH~e yCKOpHTe~bHOrO 

UHKJIS, 

Ha pHc. 2 llOK838H!i 88BHCHUOCTH qacTOTU ycKOpllDmero Hanpa-

xeHHH H qacTOT!i CHHXpOTpOHHUX KO~e68HHH B ~HK~HH HanpaxeHHOCTH 

uarHHTHOro llO~ll ~~ll 060KX 3T8ll0B ycKopeHHH 1 DOCTpOeHHUe HS OCHO-

BSHHH npOBe~eHHMX pacqeTOB. ~~ll CpSBHeHHH H8 3TOM Xe pHCyHKe 

npe~CT3B~eH BSKOH CBll3H Me~ qaCTOTOH YCKOPllDmero HSllpHXeHHH H 

HSnpaXeHHOCTblD uarHHTHOrO llO~ll ,n;Jlll yCKOpeHHH npOTOHOB, 

TaKHM 06pa80U 1 HS OCHOBSHHH BUDO~HeHHUX 

c~e~STh B!iBO~ 0 B03MOXHOCTH yCKOpeHHll ~eHTOHOB H 

pacqeTOB 1 MOXHO 
++ He aa CHHxpo-

¢aaoTp0He 0Mill1 6ea C~eCTBeHHHX nepe~e~OK B CHCTeue B!iCOKOqSCTOT-

HOrO DHTSHHH yCKOpHTe~a. Heo6xO~HMO ~Hlllb 8~8Tb 38KOH CBRBH 

u++ f 0 = • f (H) ~JH! ycKopeHHa ~eV.ToHOB H r Te Ha o~HOM Ka HUeD-

~C.Ii KOUn~eKTOB annapaTYp!i CBllBK H 06ecneqHTb "nepeXBaT" npH 

22 

nepexo~e OT yCKOpeHH.Ii C KpSTHOCTbJD 2 HS ycKOpeHHe C Kpa~ 

HOCTbD l • 

ABTopu cqHTSDT CBOHM npHHTH!iU ~o~rOM B!ipSZHTb 6~ar 

TI.TI.Tias~osy, H.H.Tias¢eposy, TI.r.CepoOaOe, B.H.Xpeaoay, ~ 

HOBY 88 DOUO~ B llO~rOTOBKe H npose~eHHH 3KCDepHUeHTOB
1 

A.B.HBKHTHHy, r.TI.UyqKoBy, D.A.TpOHHy, A.n.~apeHKOBy, H. 

88 no~eBH!ie ~HCKYCCHK H ilOCTOllHHiiM HHTepec K pa6oTe, 

23 



re.11.1 

ile D , no.ny-
Jmqx 

n yCKOpeHHH H8 ll 

1.0 = 2! KB, 

o xaaa~a mHpoxono~oc-

SBHa IIOO r~ H aa-

80HaHC CHHXpOTpOH-

Jepayro Kp8THOCTh. 

oo nporpauM~M yae-

~~HH HanpaxeHHOCTH 

)CTpOeHH~e H8 OCHO-

3TOM xe pHCYHKe 

lpOTOHOB. 

pacqeTOB, MOXHO 
-+-t-

3 * He aa CHHxpo-

dCTeue a~coxoqacToT-

Tb 88KOH CBR8H 
-t-+ 
e H8 O,ll;HO.U K8 .lUteD-

, "nepexaaT" npH 

nepeXO,D;e OT yCKOpeHHR C Kp8THOCTbD 2 H8 ycKOpeHHe C KpaT

HOCThD I. 

ABTOp~ cqHT8DT CBOH.Iol npHRTHHU ,ll;O~ro.u B~paZHTh O~aro,D;apHOCTb 

ll.ll.ITaa~oay, R.H.llaa¢epoay, IT.r.Cepo6a6e, B.H.XpeHoay, ~.H.llepcTR

HOBY 88 llOMO~ B fiO,D;rOTOBKe H npOBe,D;eHHH 3KCnepH.ueHTOB, a TSKXe 

A.B.HftKHTHuy, r.IT.Uyqxoay, D.A.Tposay, A. ll . Uape HKOBy, H . B.qya~o 

88 no~eBHHe ,ll;HC~CCHK H llOCTOSHHHM HHTepec K paOOTe. 

23 
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