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B nenoM p!!Ae q,aaa'!ecxax :u:cnepRMeSTos , npos onKMbiX 11a caaxpO<jlaaoTpo11e, nepso

CTeneiiiiOe 3118'1611119 aMeeT p!IA x a paxTep a CTHK y c x op u eMoro crycTxa npOTOIIos. TaK R M H 

xapaKTepHCTHKAMR HB.IIIDOTCH: MOll091r6preT R'IHOCTb (eaepreTII'lecKIIA paa6poc) cryCTK8 

npOTOliOB BWCOKOA 9Hepraa, 

<jla30BBR DpOTHlK6HIIOCTlb B 
KOH91U :I . 

t. __g_ 
E 

EOHeqs:., 

Hoxax<eM He .o:~c .-oiibKHX npnMepax, aacKOIIhltO BAlKIIW aTK napaMeTpw. 

1. 3.rte.JtTpO.<U!H8MR'I8CI<llH CeDElpAilHSl '18CTRil BWC OI<OA 911epr1111 

B rrponecce 0Tp860TKH CHCTeM BhlCOK0'18 CTOTIIOrO CenapaTopa ABTBDpOTOROB Bb! IIC-

JIHIU!CI> B606XOAIIMOCTb B IIOBOM 118npaBJI611Bll pa60 T 0 o6ecll6'1HBA10DlHX lK6CTK08 Cornacosa

De patSOTb! cenapaTopa a ycz:opHT&nH. 

0co5eiiKOCTb C9D8pKpOB811llll 8HTKDpOTOIIOB 38Kifl0'188TCSl B ll8nll'I~H AByX 4Jaa o6pa60TKH 

yc:s:opoa11oro nyua npOToaos, 

Hepsaa .paaa cocTOIIT s npo6neiiKH ycxope1111oro n o n on11o A ~aepraa crycTz:a npOTo-

a o s aa "n" OTnent.BhiX crycTxos, KOTopwe npa noMoDlll cnenaanr.aoro acxa lKeHHR seny-

Dl&r O MarH.BTHOrO nonsr Bbi DOLUITCII HB MHW9Hh. 

PolKAAIOIIIHecSI s nponecce saaHMOAeAcTBKSI c MKmem.IO n epBII'IIIoro ny'lu, RMe iOmerocg aaauy

Tant.nyro CTPYKTYPY •uyr•, " -Mea oaw a aaTanpOToHbi TpallcnopTap y!OTc St MaraHTHWMH 

caCTeMaMH x MecTy cenapanKH. H a nponeT aoA 6aae npoa c x o naT paanene HHe 'la CTHil no 

HMDynt.eaM, II 'UYf' HMDyiibCOB DOCTYD8.9T B OTKUOHSIIOWYIO CllCT9MYo B WCOKO'I8CTH 08 9.118X'

Tpll'i6CKOQ none KOTOp OA OTKUOHSieT 118 pa311W8 yrnbl '18CTIIIlbl C p8311W MII HM!fYili>C8Mll, B 9TOM 

COCTOHT BT0p8ll 4Jaaa o6pa60TXH Dy'IK8, ri o ny'leHHe DY'IIt8 '18CTH!l C 8 3HMyT81IbHOA CTpyK

Typol! 'UYf' Ctl>138HO C nepeXOAIIWM pelKHMOM, Dpll KOTOpOM ocyrneCT BUSl9T C R nepeXBST 

cryCTK8 ycxopn&MWX llpOTOHOB B yc.:opeH.He 118 '18CTOT9 B b!COKOA Kp8Tli.X:T H. (B li8 W6 M 

CDy'l86 Kp8THOCTb BWCOKO'i8CTOTHblX CHCT9M C6ll8p8T0 p 8 q ~ 104). B ~TOM pe lKBMe 

Xp8THOrO ycxopeHHII llO 83HMYTy yCKOpllT9.1lll o6paayeTCR 104 o 6naCTH yCTOA~BOCTH 
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(cenapaTpHCCbl), B KOTOpb19 3aXBaTbtBaiOTCS! qaCTHIIbl YCKOpeHROrO nyqJ<a , p a CUOllOlKeRHOrO 

B cenapaTpHCCe nepBOll KpaTHOCTH. 

3¢¢eKTHBHOCTb 3aXBOTa 'laCTHII B pelKHM KpaTHOrO yCKOpeHHR onpeiiellHeTCH IIBYMH 

<jlaKTOpaMH! 

a) 0THOllleaHeM paiiHanbHbiX . paaMepoa c e napaTpHC BbiCOKoll KpaTHOCTH K paiiHanb

HOMY p83Mepy CryCTKa '<aCTHII nepBOA Kp8THOCTH. 

6) ToqHOCTbiO noiiiieplKaHHR CHHXpOHH3Ma (cooTseTCT Beaao, paanoaecaoro paiinyca) 

MelKIIY qaCTOTOli o6pameHH S! cryCTKa npOTOHO~ nepBOA KpaTHOCTH W 06p H 'IOCTOTOli 

YCKOpHIOWeil CHCTeMbl cenapaTopa PaiiHanbHbili paaMep cenapaTpacc BbtcoJtoll w 
q yCK• 

KpaTHOCTH onpeiienseTCS! KOHCTpyKUBeli YCKOpmomelt CHCTeMbl (pe 30B8TOpa), BellB'IHHOJI 

KpaTHOCTB H 3H8'<AHH9 M aanpRlKeHHS! Ha ycKopsnomeA menB pe30H8TOpa. 

B cymecTBYIOIUell CHCTe..ce nonabll! paaMep cenapaTpBCCbl BbiCOKOll Kp&THOCTH p =2 CM • 
• 

'iT06bi llOlly'IHTb MaKCBM8llbHb! l! 3aXB8T B pelKHM Kp8THOrO yCICOpeHBH, Be06XOIIHMO 

HMeTb aMllllHTYIIY p8IIHOllbHbiX KOne6aHHl! cryCTK8 llpOTOHOB Ha M8KOBMallbBOli 3HeprHH 

p .;::: 
A 
~ ~ lcM. 

2 

'iTO xacaeTCH TO'IHOCTH llOIIII9plK8HHH CHHXpOHH3M8 MelKIIY 

He06XOIIHM O Bblll01UieHHe ycnoBBH! 

W 06p. il W q yCK , TO 3IIeCb 

w. 
= q+!iq riie 

6 q ji ·• 
- ~ 0, 1 -'-A. ~ 6 . 10 

w q R 

riie R • - aaaqeHHe paaaoaecaoro paiiHyca ycKopHTenH. 

2. C6poc aayTpeaaero ny'IKa npOTOHOB aa MHIUeHb 

Macrae KaMepHbte M eTOIIHKH Hcnollh3YIOT BTopB'<Hble 'l&BTBilbl, polK!IaiDmHecs npB 

B38HMOIIeliCTBHH npOTOHHOrO nyqKa C MHllleHbiO B ycnOBHRX TaX H83biB&eMOrO 'ecTeCTBeH

Boro CBOpa'lHBaHHH" • llocneiiHee HacrynaeT, KOriia BbiCOKO'laCTOTHOe yCKOpHIOIDee none yCKD

pBTeng Bb!KIIID'leao, a Beiiymee MaraHTHoe none npoiionlKBeT pacTa ( c6poc aa BHYTpeHHIO 10 

MBllleHb) HnH cnaiiaTb ( c6poc aa aap ylllHYID MllllleHb). JlnBTeiibaocn. c6poca npH a TOM 

MO*HO OnpenenHTb H3 oqeBHllHOrO COOTH0lli9HHR: 

t=(pA+Fc) 
H(l-n) 

H • R o 

riie F c- aMnnaTyiia cao6oiiHblX Kone6aaHll, H - aanp>I>KeaaocTb MarHBTHoro nonH, 

n - nox:aaaTenb cna.o.a MarHHTaoro non.H, 

R - 2,8•10
3 

CM - paiiHYC yCKOpHTenR. 
0 

H -ciopoCTb H3MeHeHHH MarHHTHoro nonSI, 
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XOTR B CBaxp~30TpOBe B KOHne nKI48 YCIOpeHBR p A< F c , TeM ae Meaee yMem.me-

Hlle p A B pHAe cny•u~eB llooiOllteT 3&M&THO yny'lmHTb c6poc ny'!Xa Ha MBmellb. 

3. 8hiBOA IIPOTOMoro ny'IJ<a B3 IaMepbl yc&opaTeng 

npB CYWBCTBYIOWeM saepreTB'IBCIOM pa36poce B KOHne nHKna yCKOpeHliH 

'!:. g ~ :!:. 2,8 Mss pll3lloolepbr BbiB&IIeaaoro ny'IJ<a 38 C'I&T IIBCnepcaa no HMnym.callool 
E 

YBdnH'IBB8IOTCR DO CpaBHeHHIO C pa3M8p8MB MOHOSHepreTH'I8CKOX'O Dy'lllll Hll a 9 CM1 'ITO 

DpHBOABT " ysenu'leHHIO anepTypbl sneMeHTOB cacTelloolbl TP&HCUOPTBPOBKB nyqKa sa • 35%. 

CoallaHHe Taxax CHCTellool saepreTB'I&CKB xpaAae HOBblrOIIHO a T&XHB'IeCKB TPY~O ocymecT-

BliMO. 

Pac'leThl sa 3CM noK&3biB8IOT, 'ITO npa & . + 1 Mss ysenu'leHlle pa3MepoB nyqia 
E -

COCT8BnR&T BCero Q 8 CM , 'ITO CYII!8CTB8HHO o6ner'l8eT TPIIHCUOpTRpOBKY Dy'II<a. 

Hama 3 8 118'18 B 9 TOA pa60Te C OCTOBT B HCCneiiOB8HBB OAHOro 8~KTBBHOro M8TOIIII 

yMeHbwe Hlls paiiHam.aoro ( c oOTBeTCTBeaao, $a3osoro a saepreTH'IeCioro) pa3Mepa Dy'IJ<a 

UpOTOHOB B KOHUe nllllna YCK Ope HHH B CBHKp~30TpOB8 B8 10 f&B. 

4. M&TOII uo11asneaas xorepeHTHbiX cjla30BbiX &one 6 aHllll crycTKa 

uporoHOB B CBBXpofa30TpOHe 

KaK H3B8CTBO, BM8JOTCll 'leTb!pe THUll CHHXpOTpOHHbiX Kone6aHlfA, CBR38HHbiX C cjla3~ 

sol! ycToii'IHBOCThJO, a HMeaao, KoneCSaHHs cjla3bl1 saeprRB, pa11ayca a 'I&CTOTbl o6pameHHH. 

MaKCBMam.able 3BB'IeHBR &Tax Kone6aHHII 6ycyT onpelienRTbCR '18CTHil8MH, aaxOIIRWHMBCR 

Bll rp&HBile o6naCTH ycTol!qBBOCTHo nsallteBBe yCKOpllelloolbiX DpOTOHOB B CHHXp~30TpOHe 

B naaeABOM npHtlnHllteHBB MOlK8T 6b1Tb pe3nOlKQHO Hll liB& COCTIIBn!llODlBe: 

a) IIBBJKeaae cryCTKa ycKopseMbiX 'I&CTBil KAI uenoro (ueaTpa TRlKecTa) no pa11Byc y 

H cjlase OTHOCHT81IbHO paBBOB8CHbiX 3H8'1eHBI! UOCn&IIHlfXi 

6) paiiHilnhHoe B ~830BOe IIBllllt8BBe OTIIeb&HbiX npOTOHOB 01<040 ll8HTP8 THlltBCTB 

Ha nepsyro COCT8Bnmomyro IIBBllt8BBH Dy'IK8 B0311eiiCTBYIOT pll3nH'IHOrO pOliS B03M)"m8-

HHR s aMnnaTylle ( v = ~) a 'IIICTOTe ( ll= ~ ) yc&opmomero aanpsJKeaag, 
V w ~H 

a TaxlKe B c&opocTa aapacTaHBs MaraaTaoro nons ( < ~ -- ). Yia3aaHble BOSM)"meHHR 
Ho 

MOryT Bbl3B8Tb KOrepeHTHylO COCT8Bnmomyro B cjla30BOM B p811HilnbHOM IIBBllteHBH CryCTKB 

npoTOHOBo 
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Bnepab!e ua xorepeHTHYIO cocTaensnom yJO paAHll1IhR<>-¢fi30B"'x ·Kone6alUIA o6paTBI'Il 

111 
BRHM8BII9 lliM&IIbllep II Caaltuep , 

BTopaH cocTaBnBJOmaB ABHlK&HHB 'laCTBn onpenenBeTCll ·ronbKO Bll'i&IIbRb!MH ycno-

BBliMB no paAH)'C)' H ~838 B MOM&RT HHlK&KIIHH H 38XB8T8 B CHBXpOTpOHHb!lt pllli<BM )'CK<>-

peBBB a ae Bb13b!BaeT xorepeHTHOCTH, KpoMe Toro, KOJie6aaau OT.IlBnbBbiX npOTOHOB OKOJIO 

p&BHOB&CBbiX 3B8'19HHA ~3bl H p81lH)'C6 B llpOIIIlCCB )'CKOp&HHSI BAH868TB'I9CKB 38T)'X810T / 2< 

TaK, e penBTHBBCTCxoA 'IBCTH ycKopeaHH anua6aTB'Iecxoe aaTyxaaue aMnnHTYAbi ~30BbiX 
-~ 

Kone6aaBA nponopUHOH81IhHO 8 0 , 00bi'IHO B CHHXp0~30TpOH8X npaKTH'IBCKH H&B03MOlK-

HO o6ecne'IHTb lK&CTKHe TpllOOB8HHSI K M81I<><;;TH B03M)'lU8101UHX ~8KTOpOB B V O H K 1 

nOSTOM)' B H8CTOHIIl99 apeMll B OOnbllllfHCTBil CII)''<89B RCTI01Ih3)'10TCH T8K lf83bl088 Mbl8 CHCTe

/3/ 
Mbl ynpaaneHHll no ny'IKY B STBX cacTeMaX un~pMBUHll o pauuanbHOM ( !1 1) R ~aao-

BOM ( 1(1 = ¢ - rp ) llBHlKBHHRX IIBHTp8 Tllli<&CTH II)''IK8 rtpeo6paayeTCll B ynpa»IIHI01UH9 
s 

CBI"H81Ibl 0 KOTOpbl& KOppeXTHp)'IOT COOTB9TCTBYJ01UHM o6pa30M )'K838HHbl8 Bbllll& B03MyiU.e-

HHSI, 

B 1964 r. T8K8SI CHCTeMa paapa60T8H8 H ycnewuo 9KCIIII)'8THpyeTCSI B na6opaTOpHH 

Bb!COKHX SHeprHA, PaCCMOTpHM B03MOlKHOCTb KOppeKUHR B03M)'lUBHRfl no RH~OpM8IIHH 0 

~30BOM ABHlK&HHH IIY'<K8. 

B 1IHHellaoM npa6nHlKBHHH npa npeae6pell<eHHH anua6aTH'I&CKHM aaTy xaaHeM H npu 

Kp8TBOCTB 'i8CTOTbl )'CKOpmomero H8r!pHlK9HHH, p8BHOI1 BllHHHIIB , p8AH81IbH()-~30B08 llBII-

li<&HBB neHTpa THlK&CTB !IY'IK8 llOA'IHHH&TCSI CII9AYJOID9M)' ypBBH~HHJO: 

2 

~ + 0
2

"' =~[!:J.w +w 
d t 2 d t 

t.H ( ~ - a ) I+ tg 

H H-t H ~ 
¢ fl 2 !:J.V . -v 

( 1) 

3necb ¢ - ~asa nenTpa Tl!ll<eCTB crycTKa, ¢. - paaaoaecaoe suaqeaae <jlaabr, fl -<tac-

TOT8 CHHXpOTpOHHbiX K OII908HHfl, W - '18CTOT8 ycKopmomero aanpHlKBHHHo H - aanpHll<ea-

HOCTb MarHHTHoro nona, H 1 a const c 1120 s, v - 8MIIIIHTYAO ycKOpH!OlUilPO H81Ipllll<e-

HHH a= _1_ ll-L = 2,15 n - noxa3aTe/Ih cna.a.a MarHUTHoro nons { n =2/3), -n- ' 1-n 
n - ll1IKB8 paBH088CHOA opOHT~ ( f = 208 M), L - cyMMapnaH nnana npliMOnnnellHbiX 

npoMell<yTKOB ( L =32 M),l1x
1 

- OTKnoHeHHH aenuq<ta X 
1 

0T H:X IIOMHH8JlhHbiX 3HfilJ9HHti . 

J1a UpHB91l9HHOI"O ypa8HBHHll BHilHO, 'ITO Mei{IIIlHHOil B03MylUBHH8 B '18CTOT8 H 8M!IIIH-

T)'ll& yCKOpS!lO!Uili"O HartpHlK&HHH, 8 T8Kli<B HartpS!lKBHHOCTH M8I"HHT HOI"O IIOIIH He HCK8>K810T 

38KOH ABHlKBHHSI 1/J (t} Hao6opoT, ObiCTpbre aoaMyme aH >I, na>Ke Manble no aenH'IHHe, 

MOI"YT Bb!3B8Tb 001IbmHe KOII908HRH neHTpa T >I>Kec·ra cryCTKB, fl ocneiiHI<B npHBBAYT TBK>KB 

ll K p8JlH81IbHbiM K01IIl08HHliM, nycTb, H81lpHMep, CITeKTp B03Myll!eHllfi MBPHHTHOf'O ITOII>! 

umpoKr<ll. Torna scerua nanueTCH aoaMyweHHO anna 
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11 peweBlle ypaaaemur (I ) OTBOCBTellhao Y, nacT, xax H3B9CTao, aeorpaaa'leaaoe yae-

n a 'leaKe n ocnena ero. 

OnaaKo nyTeM B03 n e llcTBHH onpeneneaab!M o6pa3<!M aa KaKoll-nu6o napaMeTp npaaoll 

'IHCTH ypaaaeaa g (1) caraanoM, nponopiiHoaan&awM pa3aOCTH $83 neaTpa crycTita ycKopge

MWX 'IHCTHU H YCKOpH!OWero aanpglKeHHH </> - </> 
8 

, MOlKBO ocymecTBHTb CBCTeMY II0/188-

neaa g KOrepe aTBbl X $830BWX KOne6aaall, BBO/IH 3HB'IIIT91IbHOe 38TyX8BIIe B ¢aaoaoe IIBIIlK9-

HH9, YAo6aee acero BBOAIITh KoppeKnHro a 'IBCTOTy ycKOpH!Omero HanpH>KeaKH, 

CAe naeM Ta K, 'IT06br , rAe yw 
p 

- C06CTB9HHble OWH6KH 
CHCT9Mhl o6paTa OJ! CBH3B

0 
8 6w = -{J Y, - caraan o6paTaoll CBH3H. .... 

T orAH ypaBH9flHe ( 1) 6yneT HM9Tb BHA 

d •/• 

d t 

d 

dt 

8br6apag 3Ra'leaae Kos¢¢anaeaTa 

[ y w + w 6H ( 
• H 

- a ) 1 + tg ¢ n 2 6 v . 
• v 

{J 0'19Hb 60llbWHM ( n opH/IKB 1"9CKOJibKHX TWCSI'<), 

MO>Kao ocymeCTBRTb aec&Ma ca/Ibaoe 3 BTyXa Hl!e ¢ a3oa wx Kone 6aaall Y, 

(2) 

AnnapaTyp a IIOAaaneaa >I $ft30Bbi X Kone6aaall ueaTpa THlKeCTH crycTKa ycKopHeMbiX 

!IpOTOHOB, 0'19 BHAHO, AOnlKHa COCTORTh H3 cneAY!OWHX sneMeHTOB: 

1. l13M9pHTen!l pa3HOCTH $83 U9HTpa THlK9CTH cryCTKa H p8BflOB9CHOi! ¢a3bl YCKopmo-

mero aanpg>Keaag, 

2. YcTpoilcTaa, H3Mea!lromero 'IBCTOTY ycKopH!Omero aaupsrlK!"HHH nponopuaoaan&ao 

OTKnOH9HHHM 1/J 

nng YCTOii'IHBOll pa60Tbl CHCT9Mhl o6paTHOi! CBH3H B ycnOBHHX CHnbHOro liOIIHBneHHH 

ltOrep eHTBWX KOne6a a al! HB06XOIIHMO o6e cne'IHTb AOCTHTO'IHOe 6biCTPOAeilcTBHe yCTpOi!CTB 

KOpp eKUHH, 

C y mecTayromall nporpaMMbrl! reaepaTop ; acTOTbr aen&3!1 acnon&30BHTb .Qng 3THx uenel! 

a3- 3 a orpaarP<eaaoro 6brcTpoAeilcTaaH. TaK, 3 HIIa3Abraaaae a TpaKTe MOAYIIHUHH ·qaCTOTbr 

reaepaTOp a COCTHBII H9T a 500 MKCeK, C aaXpOTpOHHb19 >Ke KOII90HHHH B CHHXpO$ft30TpOHe 

H3M9HSI!OTCH B UHitne y CKOpeHHH OT 1800 AO 800 ru H C CyWeCTBY!OWHM 3HIIH3/Ib!BHHH9M 

H9llb3H nony'lHTb s¢¢ eKTHBHOI'O II0 /18BII9HHH if; , nng TOro, 'iT06bi 060i!TH YKH3HHHyro Tpyn-

HOCTb, 6biii nocTpoea c n e uaa nb Hbrl! npeo 6p a aoaaT en& eana 

HHTerpaTop $83 0 Bbrl! Mony nHTop 
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Hanps~eHHe c aaTqaxa pa3HOCTH ~aa u .;..= - k"' CHaqana HHTerpapoaanocb. Hanps~eHHe 

Ha Bhixoae HHTerpaTopa 

ur- fk"' dt. 

Jlanee H3M6HAABCb ¢aaa ycxopmomero aanps~eHHH nponopnaoHanbHO · U f , T.e. 

f..¢ =- m f k Y, dt , 

rae H m - llOCTOBHHbl6 K03~HilH6HTbl npeo6p830B8HHB. l13M6H6HH6 <j)a3bl t...;.. 
Bbl3b!BH6T H3M6H6HH6 qaCTOTbl flw KBK 

flw = ...!L (f..¢ >~=- .JL 
dt dt 

f mk Y, dt = - mk Y, 
1 

m k Bhi6apanocb paBHhiM {3 

TaKHM o6pa30M, yxaaaHHbili qeTbipexnomocHHK ocymecTanseT aeaaanHIO qacTOTbi f..w 

nponopllHOHBilbHy!O OTKilOH6HHBM - "' • J1pHM6H6HHe KO M6HH81lHH YK838HHOrO '16Tb!pex

ll01l!OCHHK8 ll03BOnHilO YM6HbWHTb 38na3abiBB!lll6 B nenH 06pBTHOA CBB3H ao 20 MKCeK. 

JlanbHellwee yaenaqeHHe 6biCTpoaellc7BHB a nenH o6paTHoA CBB~H ~BB3BHO c xoppex

/ 

llH6il 381lB3abiB8HHH OKOHeqHoro a.q. KOHTypa ycxopB!OlU6il CHCT6Mbl CHHXpO<j)a30TpOH8o 

KOHTyp, KBK n;o6ag pe30H8HCH8B CHCT6M8, o6naaaeT 3ana3ablB8HHeM, 'IHCneHHO 

p8BHbiM: 

rae Q - no6pOTHOCTb KOHTypa, 

T = 
k 

1..9_-: 
"'• 

W 0 - pe30H8HCH8H qaCTOTB. 

8 CHHXp0~830TpOH6 381lB3ahiB8HH6 KOHTypa ycxopmomell CHCT6Mbl B llHKne YCKOr 'l •IHB 

llOCTOBHHO H qacneHHO pBBHO 15 MKC6K. 3TO ll03BOilH6T CKOpp6KTHpOB8Tb Y KB38HH06 

381la3abiB8HH6, BBOaB Cll61lH81lbHblil 6nOK KOpp6KilHH H T6M C8MblM 3H8'1HT61IbHO YB61lH'UITbf 

CyMM8pH06 6biCTpO)l6iiCTBH6 o6paTHOA CBH3H. 

CyMM8pH06 381l83JlblB8HH6 ll6DH o6paTHOil CBB3H C KOppe~nHeil COCTBBilBilO 

= 5 MKC6K, 'ITO TOnbKO B 2 p838 npeBbiW86T 381l83JlblB8HH6 H3-38 KOHeqHoA CKOpOCTH 
o.o. 
pacnpOCTp8H6HHB B.'l. MOWHOCTH HB Ka6ene anHHOil 350 M. K X8p8KT6pHCTHK8M annapa

Typbl cne)lyeT OTHeCTH TO o6CTOBT61lbCTBO, qTo OHB aon~HB yCTOii'IHBO pa60T8Tb B ycno

BHSIX 60nblliOI"01 T8K H83biB89MOI"O ".C.HH8MHqeCKOI"O U.Hana30H8 HHTeHCHBHOCTH' • 

AnnapaTypa nocTpoeHa TBKHM o6paaoM, qTo oaa ycToii'IHBO pa6oTaeT npH H3MeHe

HHH HHT6HCHBHOCTH B 5000 p83 ( = 70 a6 ) • MHHHMBilbHbill ypoaeHb HHT6HCHBHOCTH, npH 

KOTOpOM o6paTHBB CBB3b no nyqxy pa6oTaeT, paaeH = 5•10
7 

H onpeaenseTCll co6cTaea-

HhiMH WYMBMH, 8 TBK~e HBBOaKBMH HB CHrH81lbHbl6 31l6KTp0Jlbl. Jlng H3M6p6RHB pa3HOCTH 

<j)a3 ll6HTp~ TH~6CTH cryCTKB H p8BHOB6CHOA <j)a3bl HC!l01lb3YIOTCB H8Dpli~6HHH C 060HX 
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ycxopmomux anexTpo.ttoB ( qepes .ttenaTenll) 11 c11r11an ny'IK8, 118BOAIIMbili 118 snexTpOCT8TII-

'l9CKIIX C llrllellhllbiX 3 neKTPOA8X. 

YK83811118SI llllcjlOpM8lliiSI no TDI8T9nbll0 OTCIIMM9TpllpOB81111biM no .ttnll119 K8oan51M nOA8-

eTCSI 113 3,tl81111SI CIIIIXpOcjl830Tp0118 B 38n pallii03n9KTp011>IKII ( ~ 350 M), r.tte II np0113BOiliiT

CSI ee 00p800TK8. nn11 Bb!Aeneiii!SI KOrepaHT'IbiX cjl830Bb!X KOneo81111li cjla38 ny'IK8 II cjl838 

B b!COKO'I8CTOTHOrO yCKOpS!>ODierO H8UpS!lK9HIISI Cp8BIIRB810TCSI 118 cjla30'IYBCTBIIT911hHOM AIIC

KpiiM I!HBTOpe. l.!TOObl IICKn!O'IIITb nOCTOSIHIIb!H CABIIr II Me.ttneHII09 113M9119HII9 cjla3b! 

- ¢ 
0 

38 C'leT 8A11808TH'I9CKOrO 113M9119HIISI n8pBM9TpOB yCKOp91111SI, C.ttenBIIO orp8-

1111'1911119 '18CTOTIIOli X8p8KT9p11CTIIKII nenll OOp8TIIOli CBSI311 'CHII3y' 'l8CTOTOli ~ 100 rn. 

D e>nii8 SI CX9M8 ann8p8Ty pbl OTIIOCIIT9nbll0 CnOlKII8 II COA9plKHT 35 s nexTpOIIIIb!X n8Mn 

nanb'lllxoaoA cep1111. TexHonorll'le CKII 8nrr8p8Typ8 BhinonlleHa B BIIAe .ttayx 6noxoa CT811A8pT-

Horo Tllrr8 . 

3 xcn epHM9HT 8nhH8SI 'la C Tb II paC'l9T X8p8KT9pHCTIIK ITY'IK8 

B CII11Xpocjl830TpOIIe 

H8 puc. 1 npe ACT8BneHa naaopaMHO SI ocuannorpaMMa p8CKB'IKII cjla30BbiX Kone6a1111li 

( .p ) ne11Tp8 TSilKaCTII crycTK8 a nux ne ycxopeaiiSI. HeTpyAHO BHAeTb, 'ITO nyqox IICrrhi

Tbi Bae T B03MYDI9HIISI B OCHOBHOM 'so BTOpOli ITOnOBHIIa' UHKna y CKOp91111SI. Dp11M9pll0 B Cepe

AIIH9 n11xn8 ycxopeHHSI lla6niOA8e TCSI pesoHaHCHOe B03MymeHIIe nyqx a , o6ycnoaneHHOe p8Beii

CTBOM 'IBCTOT paA118nbHo-cjla30BbiX KOneo8HIIli H BTOpoli rapMOHIIKH nynhC8UIIli MarHHTHOrO 

nonS! ( 1200 rn). 

M8KCIIM81lhHaa cjlasos8H p8CK8'1K8 ne11Tp8 TSilKeCTH a MOMa iiT npoxolK.tteiiHH qepes peso-

IIBIIC 1200 ru COCT8BnSieT 1/J max ~ 0,2 p8A. AMnniiTYAB STOll p8CK8'1KII K KOHUY ll11Kn8 ycKo-

paiiiiSI rrp8KTII'l9CKII He 113M~HSI9TCSI, T8K KBK 8AH808TII'19CK09 38TYX81!H9 3)J.9Cb npOS!BnSieTCSI 

Cnaoo. CneayeT T8K>Ke IIM9Tb B BIIAy, 'ITO nOMIIMO pe30H811CIIb!X B03MYDI911Hli ny'IOK nOCTOSIII

HO IICnhiTbiB8eT cjlnyxTy8UIIH B aMnniiTy.tte ycxopHIODiero llanpa>KeiiHSI. 8 cpen11eM sTo TBKlKe 

npHBOAIIT x pacxaq x e 8MrrniiTyAbi cjlasoabiX xone6aHIIli
151

• B 'nepaoA nonoa1111e' n11xna ycxo

p eHII!I KOrepe!iTHOCTh KOne o8HH li B blpBlK9 H8 CITBOO, XOTH BMnniiTYAB KOIT908HIIll OT.ttenbllb!X 

npOTOIIOB (a 118'18ne UHKn8 ycxopeHIIS!) A OCT8TO'lll0 B9ITIIK8 ( ~ 1,5 p8A ) • Cn868SI ~tore-

peHTHOCTb xone68HIIli B ny'IKe ycxopS!eMbiX '18CTllll 118 118'181lhii0M 3Tane ycxopeHIIH o6ycnoa

n e Ha AOCT8TO'IH O DIIIpOKIIM cnaKTpOM KOIT90811Hli '18CTIIU, IIM910DIIIX OOnbUlOe OTITH'IIIa no 

8MITnHTYil8M, II OTCYTCTBH9M pa3011811CHbiX B03MYDI911Hli. 

3xcrrepHM911T811hllb!li rp8cjlHK (piiC . 3) HnniOCTpllpyeT 113M911911HSI cjla30BOll npoTSI>K9HIIQ-

CTH cryCTK8 npOTOHOB 0 o B n11xne y cxopellllll. Eonbwoli TeMn yMeHbmeiiiiSI 

'lanblloli 'IBCTH lli<Kn8 ycxopeHHa oobSICIISiaTCSI 11exoTopoli noTepeli HIITeiiCIIBHOCTH sa C'leT 

B 



'18CTHU C 15onbWHMH 8MnnHTyJl8MH tP830BbiX KOne6aHHli, 8 TBKlKe 8)lHa6aTH'I 6CKHM 38Tyxa

HHeM, Ha pHC. 3 BHJlHO, 'ITO aa-aa p eaoHaHCHbiX soaMyweaHJ! aaHMyTanbHbiJ! paaMep 

crycTK8 npOTOHOB ysenH'IHBaeTCH C 90 JlO 140° H "so BTOpoJ! nonOBHHe ' nHKna ycKope-

HHH He 38TyxaeT, 

PHc. 1 H 3 anmocTpapyJOT a tjltjleKT nouasneHHH tjlaaoBbiX Kone6aHHli ueaTpa THJKeCTH 

crycTKa npoToaos. HaMepeHHH noxaa&rsaroT, 'ITO CHHXpOTpoaaaa cocTasnaromaa Konel5aanli 

U6HTpa THlKeCTH cryCTK8 npOTOHOB nOUBBnHe TCH npBKTH'IeCKH nonHOCTbiO, 4 aCTOTRBH X8-

p8KTepHCTHK8 05paTHOJ! CBH3H no HHtjlOpM8UHH 0 nyqxe Bbi6paHa C 6on&WHM aanaCOM nO 

CpaBHeHHIO C o6naCTbiO '18CTOT CRHXpoTpOHHbiX KOne6aHHJ! (pHC, 4), npll 3TOM o6paTH8!1 
• 4 

CBH3b pai5oTaeT yCTOJ!'IHBO C i50nbWHM K03<I>¢HUH6HTOM perymipOBBHIIH ( {J c 1•10 ) , 

npHBeUeM 9KCnepHMeHTBnbHble peaynbTBTM H3MepeHHli xapaKTepHCTHK yCKOpeHHOrO 

ny'IKB B oi5naCTH Bb!COKRX 3HeprRJ!, 

KaK yJKe OTMe'!anoc&, OCHOBHhiMH x apaKT epHCTHKBMH ny'IKB D KOHne ycKopeHIIH HBmr-
o x) 

IOTC!I ero 83HMYT8nbHbiJ! pa3Mep 8 H paUHSnbHbiJ! pa3Mep no tP830BblM KOnei5aBH!IM , 

neJ!CTBH6 o6paTHOJ! CB!I3H no HHtjlOp MBUHH 0 KOne68HHHX neHTpa THlK6CTH cryCTX8 

npoToaos npHBOUHT K cymecTBe HHOMY yMeHbweHHIO tjlaaosoro o6~eMa ny'!Ka. 

B KOH!le UHKna ycKopeBHH crycTOK npOTOBOB HMeeT tjlaaosyiO npOT HlKeBiiOCTb eo~ 70° 

(pac. 3). 

OcuannorpaMMbl pac. 5 a 6 TaKJKe noKa3hiBa iOT, 'ITO a peaynbTaTe aelicTBH!I o6paT

aoA CBH3H tjlaaosaa npoT!IJKeHHOCTb crycTxa npoTonos yMe~waeTCH c 140 ao 70°, Pacc'!H-

THeM BMnnHTYilY 

npOTOHOB ~ 
E 

paaHanbHhiX xone6aaal! p A H CTeneHb MOH03Hepr eTH'IHOCTH cryCTKB 

B KOHne UHKna ycxope HHH npH pa60Te o6paTHOli CBH3H, 

AMnnaTyaa paaaanbHbiX xonel5aaaa
12 1 

~ =V. e V o (Sin ¢ -¢ Cos¢ +a), 
R0 rr.K.F.E {3 '(1-n) 2 • • " 

(3) 

rae e V
0 

= 4,6 K9B - aMnnHTya a ycKoparomer o aanpalKeHHH, 

1 K = 1 + _n __ •-2 ' 
1-n f3 

F 1 - L 

TI[n +,8 2 (1-n)) 

L - liiiHBB npHMQnHHeliHblX npoMelKyTKOB, n - JliiHHa paBHOBeCHOii op6HTbl, 

x) 
B aaaaol! pa6oTe sonpoc o 6eTaTpOHHbiX xone6a HHHX ae paccMa·rpasaeTC!I. 

10 



B penwraaacTcKoR ol5nacTH ycKopeHHR K F •2,55, E - sneprHR npOToaoa 

( E •10 faa), ¢ - pasHonecHaR <jlaaa ¢
5
•60°. 

s 

DOCTORUHBH HHTerpHpOBBHHH 

a=- Sin .p 
1 

+ ¢ 
1 

Cos ¢ 
5 

</> - 'neeag' KpallHRH TO•uta 8MnRKTYI1bl <jla30BblX KOnel5aal!i1 • 
I 

Tonlll 

a 

() 

2 
= 25 ° . 

- Sin 2:!' + 25 • 211 Cos 60° 
360 

0,2L 

DoacraBni!H HllRIIOHHhie 3HB'iOHHH B (3 ), nOIIy'IHM; 

+ 
1'.. E 

E 

p •~ 0,82 CM, 
• 

_;>_A_ __!___ ( 1 - n ) = 0,97 • 10· • 
Ro /3" 

!'J. E =+ 0,97 Mae. 

llpH.een.eM llBHHhte ~me o.nuoro SKCnepHMeHTa, noATBep>K.UalOmero cymecTseaHoe 

YMOHLWeHHe <jla30BOrO 06beMa cryCTKB npOTOHOB B KO!IllO YCKOpGBRSI 1:' llpRMeHeBHOM o&

pllTHOli casrau no ny•rxy. OcymecTanealle l<pa-rnoro ycKopeaasr Cl!CTeMa >.·: l! 3nel<TPOI1HHBMH

'!ecKoll cenapanHH awrunpOToaoa a ot5b!'IHOM pe>KHMe pa60Tbi ycxopHTeng ( 6ea o6paTaoll 

CBS! lit no ny'IKY) npHB011HnO K TOMy, 'ITO npll HanpH>KOHIIH Hll 3630pe Dt>30H6TOpa 70 KB 

H 'rO'IHOM BLinOnHoHHH ycnOBHR Kp8THOCTH HO YI18B8nOCb ll01Iy'18Tb 38XD8T 6onoe 25-30%. 

lf1·o6LI C0311BTI> cenapaTpaccy, paJlHBnbHLie pa3Mepw KOTopoll ohrnu 6bi t5nH3KH K pllUIHJnh-

Hl· M pa3Mepa R1. nepBl:PlHOrO CI"yCTK8 npOTOHOB, HBOfiXOJlHMO 6btnO yaeniPHJTb n:arrp~>KeiU.~·"" 

aa 3aaope peaoaaTrpa 110 250 KB •. 

npa TllKOM Hanpq•XOHliH He YllllOTCH o6ecne'IHTJ> ycTOil'IHBYIO pa60Ty pe30HaTopa 

6e3 npo6oea. 

YMoHbwenae JKe <jlaaoaoro (coOTBOTCTaeaao paJlHanhaoro) pa3Mepa crycTKa npOTo

liOB C liOMOl!lb<O CUCT9 Mb! o6p8THOll CBR3H no ny'IKY n03BOnHnO CHH3HTb aanpR>KOHHO Hll 

;Je30H8TOpe JlO 70 KB H npH STOM cyweCTBOHHO yBenH'IHTb 3 BXB8T (eM. pHC. 7). 
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BbiBOilbl 

YMeHbweaae 4laaosoro o6'beMa ycKOplleMoro crycTKa npOToaos s caaxpO<jlasOTpoae 

C llOMOWbiO paapa60TaBHOl! CHCT9Mbl o6paTHOll CB!I3H no HH<!>OpMBilHH 0 rry'!Ke n03B0/151eT; 

1. CymecTseaao ysenH'IHTb s axsaT '!aCTHil s pelKHM J<paTaoro ycKopeHB!I s CHCTeMax 

9ll9ltTpOJlHB6MH'I9CJ<Ol! CeDapaUHB 'IBCTH!l npH DOHHlK9HHblX H6Dp!IlK9HH!IX yCKOpSIJOwero sne

M9HT6 (pesoaaTopa). 

2. B bi6paTb axoaoMH'!BbiA sapaaaT cacTeM BbiBOJla sayTpeaaero rry'!Ka npOToaos 

as ycxopaTeng. 

3. 3H6'1HT9llbHO ocna6HTb JlOnycJtH DHTBIOWHX H YCKOp!IIOWHX CHCT9M CHHXpo4la30TpOH6 

aa B03MYweaag, neJKamae B nonoce caaxpOTpOHHbiX Jt011e6aaaa. 

4. OcyweCTM!ITb yCKOpeHBe npH DOHHlK9HHblX 3H6'19HHHX yCKOpli!Owero H6llp!llK9HHH, 

'ITO JlAeT B03MOlKHOCTb pa60Tbl CHHXpo4la30TpOHA C OAHHM ycKCp!IIOWHM aneJtTpOJlOM. 

5. YJI)"'WHT& xapaJtTepacTHKH sTopH'IHoro ny'!Ka 'IBCTH!l Allll KaMepHbiX MeTOAHK. 

B saxnJO'Ieaae aBTOpbi 6naro.t~ap!IT COTpyARIIKOB OTAena Jl.f. TaMo<Peesa a A.T.nasape

sy sa BbiiTOIIHeaae 601lbworo o6'beMa pa6oT no C03AARRIO annapaTyphl. 
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4. E;J.Rogers. "The Rev. Sci. lnstr." , 29, no.3, 215 (1958). 

5. N.M.Blachman. CERN Symposium, 1956.; Rev. Sci. Instr .. 21, 908-911 ( 1950). 

PyJtoDHCb DOCTyDBna B H3AaTellbCxaa OTJ:ten 

11 Aexa6pa 1965 r. 
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Pac. I. OcuannorpaMMa 4laaOBbiX Jtone6aaaa ue&Tpa 
THlK9CTH cryCTKA npOTOBOB B llHKll9 yCKOpe
Hlllil. (Q6paTH6!1 CB!I3b DO rry'IKY Bblltni0'19HA). 

Pac. 2. noAaMeHBe 4laaOBblX Kone6aaall 
ueaTpa T!llKeCTH crycTJt3 npoTo
aos o6paTaoa cs!l3bJO no rry'IKy. 
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Pac. 5. OcuannorpaMMa uaseneuBoro caruana ny'!Ka ua HHilYK
nuouuoM aneKTpone B KOHne UHKna ycKopeHHR. (06paT

uaB CBR3b no ny'IKY Bb!KflJO'IeBa) • 

--t=2Jr_J 
Pac. 6. OcnannorpaMMa uaseneHBoro caraana ny '!Ka sa 

HHAyKnHOHBOM aneKTpone B KOHne nHKfla yCKOpeHHRo 
(06paTBaR CBSI3b no ny'lKy BKflJO'IeHa). 
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