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Y CKOpSIBMblB B CHHXpOUHKnOTpOHB HOHbl o6pa3ylOT cryCTOK, <jlopMB H pa3Mepbl KOTOporo 

onpeaen>IlOTCSI paauanbHo-<jlasoehiMH H 6eTaTpoHHblMH Kone6aHHSIMH. B pesynbTaTe esaHMo

aeAcTBHSI TBKOrO cryCTKB C MHillBHblO, yCT8HOBnBHHOA HB KOHeqHQM paaHyce YCKOpBHHSI, BnB 

C MBrHHTHblM noneM CHCTBMbl Bb!Boaa nyqKH BTOpHqHblX qaCTHIT H BblBBaBHHblX npOTOHOB 

HMB!OT BHU HMITYnbCOB ( MBKpOCTpyKTypa nyqKOB), KOTOpble B CBO!O oqepellb COCTOliT H3 

MHKpOHMnynbCOB (MHKpOCTpyKTypa nyqKoB). JlnSI CHHXpOqHKnoTpOHB OJUUf anHTBnbHOCTb 

M8KpOHMIT)'nbCOB nyqKQB qaCTHU (anHTBnbHOCTb HMnynbCa) COCTBBnSIBT npHMepHO 600 MKCBK, 

T.e. oKono 6% oT nepHoaa MouynSIUHH. 

OuHaKo npH npoeeaeHHH Ha ycKopHTene HeKoTopb!X aKcnepHMBHTOB, e qacTHOCTH npu 

pa6oTe CO CXBMBMB COBnaaeHBA1 JKenaTenbHO HMBTb HMnynbCbl nyqKQB M8KCHM8nbHO 803-

MOJKHOA npoaonJKHTenbHOCTH ITpH COXp8HBHHH HBH3MBHHblM HX HHTerpanbHOrO ITOTOKB. YcTpa

HBHHB BnH CrnBJKBBBHBe HMnynbCHOA CTpyKTypbl npHBOaHT K CHHlKBHH!O sarpy3KH annapaTypbl
1 

K ITOHHlKBHH!O nnOTHOCTH <jJOHOBOrO H3nyqeHHH H, T8KHM 06pa30M, K 6onee 9<jl¢BKTHBHOMY HC

nonb30BBHH!O ycKopHTenSI. B onb!Tax, HanpaeneHHblX Ha HCcneaoeaHHe pasnHqHblX npoueccoe 

pacnaaa H 38XBBTB ITHOHOB H M!OOHOB ( OC06BHHO npOUBCCOB, Hay!UHX C HB3KHMH BBpOliTHOCTg..• 

MH), 6onee paBHOMBpHOB pacnpeaeneHHe qaCTHU BO BpBMBHH HMBBT ITpHHUHITHBilbHOB 3Haqe

HHB, TBK K8K OTKpb!BBBT HOBblB B03MOlKHOCTH anSI HB61l!OUBHHH peuKHX C06b!THA. 8 8TOM 

OTHOillJilllH yeenHqeHHB anHTBnbHOCTH M8KpOHMUynbCOB nyqKQB HBnHBTCH oqeHb BBJKHblM. 

8 HBCTOHillBB BpBMH anSI yeenuqeHHH anBTBnbHOCTH HMITynbCB nyqKa Ha CHHXpOUHKno-

/1-7/ 
TpOHBX HCITOnbsyBTCH HBCKOnbKO pasnHqHblX MBTOaOB • MHHBMBnbHblX ITOTBpb nyqKa 

npH HBH60nbmeA llnHTBilbHOCTH HMnynbCB yaanOCb aOCTHqb, npHKnaablBBH qaCTOTHo- Moaynupo

BBHHoe YCKOpH!OillBB HBITpHlKBHHB K aononHHTBilbHOMy sneKTpoay, ael!CTBY!OillBMy HB KOHeqHblX 

paaHycax ycKopeHHH
13

• 
71

• OaHaKo Ha CHHxpouuKnoTpoHe OJHH1 peanHsanHH sToro MeToua 

3BTpyaHeHa. 

8 HBCTOSI!llBA pa6oTe OITHCb!BBBTCH eme oaHH MeToa yeenHqeHHH anHTBnbHOCTH HMITynb

C8 nyqKa, ucnbiTSHHuiA Ha CHHxpouuKnoTpoHe OHfiH. 

C aOCT8TQqHoA anB 8H8nH38 TQqHQCTblO unHTBnbHOCTb B38HMOUBi!CTBHB nyqxa UpOTOHOB 

C MHillBHblO, yCT8HOBnBHHOl! H8 paauyce fM H 83HMyTe </>M , UpH CUnOillHOM CUBKTpe 

BMITnHTya paaHanbHblX Kone6aHHII MOJKHO onpeaenHTb H3 BblpHlKBHHB: 

'M 
T = f dr 

'M_,s;, '· (t) + ~>e.U.l 
rae CKOpOCTb pHCillHpBHHH p8BHOBBCHOl! Op6HTbl 

3 

(1) 



p ( t) 
a.M. 

'· ~ r • 
1-n 

1 
~ . . "' . 

2"";" e Vo sin cp • _..!..!... 
1-n K.f:J!w. 

dw 

dt 

- CKOpOCTb llBB>KBRBll p8BHOB9CHOA op6BTbl 38 C'IBT BbiiiYJKABRRbiX KOne68HBA R8 

83BMyTe <f>M 

r 
n = -~~ 

dH 
a;-

0 1 
K=1+f=;"7Jl' f3 = _v_' 

c 

y, OJ, E - COOTBBTCTB&RRO CKOpOCTb, '18CTOT8 o6parueHBSI B nonR&SI 3ReprRg '18CTBllbl 0 

C - CKOpOCTb CBBT8, 

H - R8npR>KBHHOCTb M8rRRTRoro nang, e Vo - M&KCRM8nbRO B03MO>KHblil aa6op 

3ReprBB 38 o6opoT. l111Jl&KC S X8p8KT&pB3yeT p8BROB9CHbl9 B&nH'IHRblo 

8 r = r6.+ P c npu P6. 0 

Br =Pr;.+2pc npR '• 0. 

3necb p 
6 

• - M&KCHMam.HaR 8MnnnTyn8 p8AH8nbHhlX 6eT8Tpo&RbiX xone68RHll, 

p - M8KCRM8nbR8SI aMnnaTyna p8AB8m.Ro-ljJ830BhlX xone6aoll. 
0 

\13 Bblp8>KBHRB (1) BRJ1H01 'ITO ysen&'IBB8Tb nnRTBnbROCTb HMnynbC8 np8KTB'IBCKB 

MOlKHO yaenR'I9HB9M IIRT9pB8fl8 8Mnn)ITYA p8AB8flbRbiX Kone68HBll H yM&Rblll9RB9M CKOpOCTH 

nponiBB>KeRBSI ny'IK8 no p8nsycy. 

Heo6xonnMyJO nn>1 yaens'!eHRSI nnRTem.HOCTB HMnynbC8 ManyJO cxopocTb nponaa>K&RBSI 

ny'IK8 no p8JlHYCY MO>KRO nony'IRTb 38 C'IBT p8CTylllBX BO BpeMBBB BbiiiYJKABBRblX p&nR8nl,... 

HhiX Kone68HHII npa f
0 

= 0 • nnRT9nbHOCTb BMDynl>C8 MO>KeT 6b1Tb ysenH'I9R8 JlO nepROJl8 

Monynlii1J;IB 1 ecnH TOflbKO M9X8HJI3M B036y>Kn&RBSI Bb1RYJKA9HHblX Kone68HBll HB 6yueT M91ll8Tb 

npoueccy ycxopeHHSI no xoae'!Horo p8JlRYC8. 

B csaxpoUHJWoTpoHe 011.fll1 soa6y>Kneuse BhiHy>KneHHhiX p8llH&nbHhiX Kone6aHnll ny'IK8 

(xas uenoro) sa KOH&'IHbiX panHycax ocymecTBnSieTCSI noxanbHbJM nepeMeHHhiM ao apeMeHR 

B03MymeaHeM M8rRRTHoro nong ycxopnTeng. YpaaneRHe paas8nbROro JlBH>KeHRSI a aToM 

cnyqae HMeeT BHu: 
d 2p 

---+w 2 (1-n)p 
dt 2 

Ro tu
2 h (cp, t ). 

BroMymeRae MarHRTHoro nong h ( cp , t ) MO>KHO npeacT&BRTb cneayJOIUBM o6paaoM: 

h(cp,t) =h(cp) f(t). 

Ecna tj>yHKUBIO h ( ¢ ) pa3n~>KHTb a PBll cl>ypbe 

(2) 

h(</>) =f~o hr sin ( f cp +at) 

B npBBSITb f( t ) =sin 0 I 1 TO BhiBY>KllBH&yJO '18CTb pem&RBSI yp&BHBRHSI (2) MOlKHO 38nBC8Tb 

Ro I 
r = -re~{) 

0 
cos [( f + -;;;-)¢ + at I 

( • u 2 t+-)-(1-n) 

B BRllB! 

w 

4 

cos l(f- --2----> ¢+at 

(f -..!L ) 2 -(1-n 
w 

(3) 

3necb 0 - '18CTOT8 B03MYIU8JO!llero M8rRRTHOrO DOng, 

op6RTbi. 

R0 - panuyc p8aHosecuoA 

\13 Bblp8lKBHRll (3) CnenyeT, 'ITO cy!lleCTBeHROA liBnli9TCll TOnbKO nepB8ll r8pMORBU 

R B nepBOM npB6nBJK9HRR MOJKRO R8nHC8Tb:" 

p = ~ sin _.!!__ cp 
2n w 

Rob, . 
sin (cp +a,)=~ SID !lt sin ( tu I +"a I ) , 

(4) 

T.e. 8MnnRTyJ18 BbiRY>KABHHbiX KOn&68HRII B3M9HliBTCSI BO apeM&RR B COOTBBTCTBBB C B3Me

HBHR9M B03MYIU8JO!llero M&rRRTHOrO nong. 

Bo3MYill8JOIUee MarHH'i'Hoe none B o6n8CTH KOR&'IHhlX panuycoa (255- 275 eM) C03ll8-

nocb llBYMg TOKOBbiMB K8TYWK8MH (puc. 1), p8CnOnOJK9HHblMB H8 83BMYTe yCT8ROBJ[B 

MHWBHH CHMMBTpH'IUO OTHOCHT9nbHO cpenaell nnOCKOCTRo K&TylllKB BMBnH 83HMyT811h!IYJ0 

npOT!DKBHHOCTb 0,1,. • OnHoponHoCTb ao3MymaJOmero nonll no pan•ycy a 30Re 20 CM 

o6ecne'IHB&n8cb c TO'IHOCTbJO 10%. B 9TRX ycnoBHSIX nng nony'I&HHR M&KCBMam.Holl aMnnB-

TYllbi BhlHY>KABHHbiX Kone6BHHII B 10 CM ( p = Pr;. + 2 p c ) Tpe6yeTCR BMnym.c DOllg 

C M8KCBMBnbHOII H8npR>KBHHOCTbJO 700 3pCTen. 

M8KCHM8nbR8SI nnHTenl>HOCTb ny'IK8 onpenen.11eTCH B3 ycnoBRSI, 'ITO RMnym.c p83p1Ul

Horo TOK8 He MO>KeT 6hiTb 6onbW9 nepROJ18 MOAYflHDHB, B B cny'l89 CBBYCOBJ18nbROA ljlopMbl 

HMnynbca oHa cocT8Bn>!eT oxono nonoaRBhi nepBOA8 Monyn!lllBB (pac. 2). 

KaTymx8 B036y>Kn8eTcg p83PIUlOM JtoiiJlBHC8TopHoll 68T8pes 'lepea ynp8Bn.lleMbiA aeBTIIllb 

CHHxpoHHO c npoueccoM ycxopeBHB. HcnonbayeTC.II wecTb p83pBABhlX .ll'lees nnu DOBblmeasu 

H8ll&>KHOCTB pa60Tbl 6nOK8 nHT8HHB K8TYWBK R YM9Bblll9HHH nBKOBOrO 3R8'19RB.II 38piUlHOrO 

TOK8. nop>!JlOK pa60Tbl .11'19QK 38ll89"rCSI 6nOKOM ynpaBneHBB, B KOTOpOM BM99TCSI JlBB DOCne-

JlOB8T9nbHO CBSI38HHblX TpHrrepa, nepeC'IHTblB8101llH7 BXOJlHbJe BMnynbCbl C,IIBXpOHB381lBB B8 

TpB a cnaaraJOmax HX ua nepson Monyn>!llHR. nepec'!BT&HHbie BMnynbCbl noaaJOTCu RB BXOll 

Tp&X TpRrrepoB, ocymeCTBnSIJOIURX ueneHBe HX H8 1188 CO CllBBrOM H8 TpR nepBOll8 MOllyns

UBB H8 K8lKJlOM BbiXOll9 {pBC. 3). 11MnynbCbl 3anyCK8 COBnanaJOT C BMnym.CSMH, 38DRp810-

lURMB BbiCOK0'18CTOTHbiA re&epaTOp B KOHUe UHKna yCKOpeHBB. nng yaenB'!eHBSI llflBTenbHQ

CTR HMnynbca Ha aenR'IR&y, 6om.wy10 nonoBBHhi nep&oaa Monyn>!llRB
0
Heo6xoiiBMO acnonb3o

aaTb nanoo6pa3Hhiii RMnynbc TOKa a KSTYWKax (KpHaag B Ha psc. 2). TaKaH cxeMa naTa-

HRSI B H8CTOSI!ll99 Bp9MH rOTOBHTCR. 

Ha pac. 4 np&aeneHhi ljlopMbi RMnynbcoa ny'!Ka Meaouoa, nonyqeHHbiX c &cnonb30B8-

HReM K&TyWeK H 6e3 HHX. 

nnHT9flbHOCTb RMnynbC8 TOK8 ny'IK8 npH 9TOM COCT8BflSI9T 2SJ-2,5 MCQK no ypOBHJO 0,5 

OT M8KCHM8flbHOrO 3H8'19HRH. 3&BHCHMOCTb HHTeHCHBHOCTH p8CTRHYTOrO ny'!K8 OT TOU K8Ty

III9K npencTaaneaa aa pRe. 5. 113 9THX pucyRKOB aunao cneny10mee: 
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a) ITOITHBS AITHT9nhH?CT.b HMUYnhCB uyqxa M930HOB COCTBBIT99T npHMepHO DOITOBHHY 

rrnHT9UbHOCTH HMDynhCB TOKB KBTymex; 

5) npn npcannbHOM norr6ope apeMenn Bhlxn~qeHHs ycxop~mero nanps~eHBs,nono~eHHR 

MHIU911B vTHOCHT9nhHO KBTYW9K H TOKB B K&TymxaX DOT9pb HHTQHCHBROCTH H9T. 
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PRe. I. Cxewa pa3Memenaa yanoa ycxopBT&ITbROli K&Mepbl caHXpOIUIJUIOTpOIIB. OH.HH. 
1 - BaK)'YMHag xauepa, 2 - nyaBT, 3 - B036yARTttnb, 4 - lj>oxycBpyJOWBli 3IT8KTp0Jlo 
5 - MarBBTHhll! xasan, 6 - npo6mn: nns R3MepeHBs TOKa uyqKa Ra uanhlx pan•ycax, 
1 - Jt&Tymu pacT~ uyqKa, 8 - xel!TpOHHas MBmeRb, 9 - pereaepaTop, 
JQ - JlRaD830B R3MQB9RBSI DOITOlKQRRli Me30BBOli MBW9JIJio 
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PHC. 2. 38BHCHMOCTH '18CTOTbl yCKOpSIIOJllero H81lpSOKeHHS! ( KpBB8H ,ai ll TOK8 B K8TYIDlt8X p8CTSDKKJI ( KpliBbiEI ..r:: 11. ;I) 
OT BpeMeHH. 

t I - H8'18ll0 YCKOpeHJISI0 t 2 - MOMEIHT BITIIO"'EIBBSI K8TYill9K paCT..-xll, t 
3

- KORell YCKOpEIBJISI, 

t
4

- OKOH'l&HBe npouecca paCTSilKIB ny'!Ka. 

!llp." lllps 

lllp.t 

PHc. 3. CxeMa. nBT8HHH H ynpasneHBSI KaTyweK paCTHlKKB. 

TB _ THpaTpoHHhiil BbinpHMHTeJJb, Tp - TpBrrep, Y - ycHnHTenb, T - THpaTpOH, C - KOBAEIBCaTop, 

R sap - sapsmHoe conpoTHBneHHP.. 
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PBC, 5, 3&BBCBMOCTb BHTeHCHBHOCTB paCT<IHyTOr"O nyqxa OT TOK8 KATyllleK, 

1) '18CTOT8 MOllYUHilBH 80 I'll, 2) '18CTOT8 MOJlyUSlllHH 100 I'll. 


