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A H H o T a u H R 

V1ccne.aoeaHa epeMeHHaR cTpyKTypa ny'!KOB, B biBO.OHM biX H3 CHHxpocp a 3 oTpoHa Ha 10 E se 

n pH pa3nH'!HbiX cnoco6ax c6poca ycKopeHHbiX qacTHU Ha MHWeHb. V1ccne.aoeaHa BbiCOKO'!acToT

HaR CTPYKTypa e 38BHCHMOCTH oT pa.aHanbHOlt cKopocTH CMeweHHR paeHoeecHolt op6HThi. YKa3a

Hbi MeTO,Qbl ycTpaHeHHR Bb!COKO'IBCTOTHOA CTpyKTypbl. Viccne.aoeaHa HH3KO'I8CTOTH8R CTpyKTypa 

npH npHMeHeHHH 9THX MeTO.OOB. 



/ 

np11 pa6oTe CO C'l8T'li!K8MI! B •I!HT8HCI!BHhiX ny'IK8X 'l8CTIIU, BbiB8Ll8HIIbiX 1!3 yCKOpi!T8nH, 

BO 1!368)1{8HIIe nOBbiW8HHbiX 38rpy30K annaraTypbl Tpe6yeTCfl paCTfiHYTb IIMnynbC 'l8CTIIU BO 

epeMeHH. Heo6xOLl iiM8H nniiTenbHOCTb onpenenHeTCH pa3 pewa10well: cnoco6HOCTbiO c'leTHOll: an

napaTyphi 11 ycnoeiiHMI! 3Kcnep11MeHTa. CywecTeeHHbiM Tpe6oeaHHeM HBnHeTCH T8K)I{e paeHOMep

HOCTb 38rpy3KI! BO Bp8M8HII. BTOpi!'IH bi8 'l8CTIIUbl o6pa3yiOTCfl np11 6oM68pLl11pOBKe MIIWeHell:, 

pacnono)l{eHHhiX BHYTPII KaMepbi ycKOpiiTenH, ny'!KOM ycKopeHHbiX '!8CTIIU. BpeMH coynapeHHH 

C MIIW8Hb10 onpenenHeT Llni!TenbHOCTb HMnynbC8 BTOpii'IHbiX 'IBCTIIU. B cna6ocpOKYC11pyiOWIIX 

CIIHXpOcp830TpOH8X yeenl!'l8H118 Bp8M8HI! coynapeHIIfl ny'IKB C Ml!ill8Hb10 np01!3BOLl iiTCfl B8CbM8 

OrpaHI!qeHHbiM qHcnoM Cnoco60B 
I 1,2/ B · 

6 np11Hu11n e 11x MO)I{HO n onpa3nen11Tb cnenyiOllliiM o -

pa30M . 

1." EcTecTBeHHOeu ceopa'IHBBHIIe ycKopeHHbiX qacTHU Ha MIIWeHb e 113M8HHIOllleMCH MarHIIT-

HOM none nocne npe KpaweHHH ycKopeHHH. 

2. CMeW8HII e nyqKa B CTOpOHY MHW8HH B npouecce yCKOp8HIIfl 38 C'l8T I!CKyCCTB8HHOrO 

113M8H8HIIfl 38KOH8 CBfl31! 'l8CTOTbl yCKOplliOWero HBnpH)I{ 8 HIIfl C M8rHI!THbiM noneM no OnpeneneH-

Holl: nporpaMMe. 

3. J.1CK8)1{8HII8 cpOpMbl p8BHOB8CHOll: op61!Tbl nyTeM C03Ll8HIIfl 83HMYT8nbHOll: 8CIIMMeTp1111 

MarHIITHoro nonH, KOTopoe npiiBOLli!T K nonanaHHIO nyqKa Ha MHWeHb. 

4. MenneHHBH pacKB'!Ka cpa30BbiX Kone6aHIIll:, e pe3ynbTaTe KOTopoll: qacTI!Uhi B b mana:oT 

113 CIIHXpOHII3M8 II CBOp8 'IIIB8 IO TCfl H8 MI!W8Hb. 

BpeMeHHBH CTPYKTypa HMnynbcoe BTOpH'IHbiX 'IBCTIIU cywecTeeHHhiM o6pa3oM 38BIICIIT c. T 

CTIOC06a BbiBOLl8 OY'IKB H8 MIIW8Hb. B HBCTOf!Well: CT8Tb8 C006lll8IOTCfl pe3ynbT8Tbl II CCneLl OBfi

HHll: epeMeHHOll: CTPYKTYPhi ny'IKOB, npoeeneHHbiX Ha CHHxpocpa3oTpoHe 06beLlHHeHHoro IIHCT:., -

T8 f!Ll8pHbiX I!CCneLlOB8HIIll:. 

I. BhiCOKO'lBCTOTHaH cTpYKTypa 

J.13B8CTHO, 'ITO B CI!HXpOcp830TpOHe np11 BbiBOLl8 ny'!K8 H8 MI!W8Hb B npouecce YCKOpeHI!fl 

o6pa3yiOTCfl HMnynbCbl BTOpll'iHbiX 'l8CTIIU, cnenyiOW118 Llpyr 38 LlpyroM C BpeMeHHbiM HHTepea

/3/ 
noM, paBHhiM nepHony o6paweHHH • TaKaH cTpyKTypa o 6ycnoeneHa TeM, 'ITO ny'!OK qacTHU 

K KOHUY yCKOpC HIIfl CcpopM11pOB8H B cryCTOK C onpeneneHHOll: 83HMyTanbHOll: npOTfi)I{8HHOCTbiO. 

/4/ 
KaK nOK838HO B pa60Te , B CHHXpOcp830TpOH8 H8 10 63B OTHOCII T enbH8fl (no OTHOW8HIIIO K 

2rr ) 83HMyTanbH8fl n p OTfi)I{8HHOCTb cryCTK8 B KOHU8 yCKOpeHI!fl ( d COCTBBnf! e T 0,4. np11 

38Ll8HHOll: p8Llll8nbHOll: CKOpOCTII CM8W8HIIfl ny'!KB H8 MHW8Hb LlniiTenbHOCTb I!MnynbCOB BT Opllq-

HbiX 'l8CTIIU 38BHCIIT OT eenll'li!Hbl C Onpeneni!M STY 38BIICHMOCTb. npll ~ = 0,4 pan11anb-

HO-cp830Bbl8 Tp88KT0p1111 'l8CTIIU 6nii3KII K snn11n TH'l8CKHM, n OS TOMy, I!CnOnb3Yfl peweHHe niiHea

p1130B8HHOrO cp830BOrO ypaBH8HIIfl, OTKnOH8HII8 OT p8 B HOB8CHOll: op611Thl B MOM8HT Bp8M8HI! 

MO)I{HO npe LlCT8BI!Tb B BIILle 
P = B cos ( n t + a J , ( I ) 
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rae 8 aMnnHTY 11a pa11HanbHo-cpa30BhiX Kone6aHHA, n - 11pyrOB8SI '18CTOT8 cp830Bh!X KOne-

6aHHA, 8 - HeKOTOp8SI H8'18nhH8SI cpa3a, noMHMO p811H8nbHO-cp830BhiX KOne6aHHJl '18CTHU8. COBep

waeT cso6o11Hhie Kone6aHHSI, EcnH 11nS1 'ISCTHU c npoH3BOnhHhiMH cpHKCHposaHHhiMH aMnnHTY118MH 

cso6o11HhiX (A) H pa11H8nbHo-cpa30BhiX Kone6aHHA (B) speMSI OTC'IHTb!B8eTCSI OT MOMeHT8 1 

K01"'118 paCCTOSIHHe OT MHWeHH 110 paBHOBeCHOJl Op6HThl p8BHO CyMMe 3THX 8MITnHTy11 1 TO Te 

H3 qacTHU (c Bhi6paHHhiMH aMnnHTy11aMH A a B), KOTophie npH f ~o HMeiOT cpa3y pa11RanhHo

x) 
cp830Bb!X KOne6aH!ill 8 1 H8'1HYT non8118Tb H8 MHWeHb B MOMeHT f 1 onpe11enS!eMhiJl COOTH0-

/5/ 
we HaeM 

8 [ J + cos ( n t + 8)] = at • 
(2) 

311eCb a - p811H8nbH8SI CKOpOCTb CMeweHHSI paBHOBeCHOA op6HTb!. TpaHcueH11eHTHOe ypaBHeHHe 

(2) n03BOnSieT onpe11enliTb senH'IHHY p =at -8 1 npH KOTOpoA H8 MHWeHb nOIT811810T '18CTHUhl 

C 38118HHh!MH 3H8'1eHHSIMH 8 H 8 

nonO)!{eHHe TO'IKH H8 p811H8nbHO-cp830BOJl KpHBOA onpe11enS!eTCSI senH'I!iHOJl p H o'rKno-

HeHaeM oT pasHosecHoit cpa3hi a • CBSI3b Me)!{11Y ·3TRMH senH'IHHSMH 11nS1 naHeAHhiX Kone6aHHA 

11aeTCS1 ypasHeHaeM 

p = + R y eV0 sinp 0 (a2 _ 2) - o >2 a • 2rrKFE(34(J-n, maa ( 3) 

311eC b a mer - M8KCHM8nbHhiA pa3M8X cpa3 OBbiX KOne6aHHA 11nS! 118HHOA p811Ii8nbHO-cp830BOA 

TpaeKTOpHH, e - 38pS111 npOTOH8 1 V O - CYMM8 8MITnHTY 11 HanpS!)!{eHHA YCKOpS!IOWHX npoMe)!{yT-

KOB, E - pasHosecHoe 3Ha'leHHe n q n Holt 3HeprHH '18CTRUhl
1 
R 0 - pasHoBeCHhiA pa11Hyc, {3 - OT-

HOWeHHe CKOpOCT!i '18CTHUhl K CKOpOCTH CBeTa 1 n - nOK838Tenb M8I"'HHTHOI"'O nonS!, cP - paBH0-
0 

secHaSI cpa3a. 3Ha'leHHSI K03cpcpHuHeHTOB K H F 11810TCSI cpopMynaMH 

F "" J L 
(2rrR + L) [n + {3.(1- n)] 

0 

n J ------;::--,-, 
J - n f3 

K=l+ 

r11e L - cyMMapHaSI 11nHHa npS!MOnHHeAHhiX npoMe)!{yTKOB, 

Vlcn o nb3ySI Bb!p8)!{eHHSI (2) li ( 3) 1 MO)!{HO onpe11en!iTb MOMeHThl ITOIT8118HRSI H8 MHWeHb 

'18CTRU C pa3nH'IHh!MH 8 (0 ~ 8 ~ 2 7T ) H COOTBeTCTBYIOWHe 3H8'1eHHSI p H a 

TaK KaK ycnoBRSI ( 2) cnpase11nHBhi 11nS1 npo!i3BOnhHhiX aMnnHTY 11 cso6o11HhiX pa11HanhHhiX 

KOne6aHRJl, TO 11nSI pa3nH'IHbiX 8MnnliTY11 3THX KOne6aH!ill, HO npH 0111iH8KOBhiX 8· H 8 1 Mhl 

H8A11eM 011HH H Te )!{e 3H8'1eHHSI t 1 p H a 1 npH KOTOpb!X npOH30A11eT COy 118peHHe '18CTHU 

l xx) 
C MHWeHbiO , KaK nOK83h!B8eT pacqeT, H K8K HeTpy11HO nOHS!Tb1 8H8n!i3HpyS! 11BH)!{eHHe BCe!"'O 

CI"'yCTK8 '18CTHU B CTOpOHy MRWeHH CO CKOpOCTbiO a H o6paweHHe '18CTHU BHyTpH cryCTK8 no 

pa11aanbHO-cpa3oBhiM TpaeKTOpHS!M, senH'IHHa a , onpe11eneHH8S1 H3 (2) H (3), npo6eraeT .am1 

K8)!{110A p811H8nbHO-cp830B OA TpaeKTOpHH 3H8'1eHHSI 1 38HHM810WHe HeKOTOpyiO o6naCTb t'1 a lrp 

B OKpeCTHOCTH a ~0. npH 3TOM BCSI 3T8 o6naCTb 38nOnHS!eTCSI 38 BpeMSI 1 COH3MepHMOe C 

x) 
npe11nonaraeTCS1 1 'ITO npe11CT8BneHbl BCe cp83hl CB06011Hh!X KOne6aH!ill OT Q 110 2rr. 

XX) ( ) 
npH 3TOM 1 KOHe'IH0 1 H8110 nOMHRTb, 'ITO H8'18nO OTC'IeTa 11nSI t B . 2 Bb!6p8HO T8K 1 

'ITO HeCyWeCTBeHHhiJl 11nS! H8C C11BHI"' BO BpeMeHH non8118HHSI '18CTHU H8 MHWeHb C p83nH'IHh!Mii 

8MnnHTY 118MH CB06011Hh!X KOne68HHA HCKn10'18eTCSI, 
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nepwonoM panHanbHo-cj:Ja30BbiX Kone6aHH~ . BenH'!HHa !1.a kpl ecTeCTBeHH01 6yneT 38BHCeTb OT 

CKOpOCTH a CMeWeHI!Sl IIY'IK8 H8 MI!WeHb, 4eM MeHbWe a , TeM MBHbWe f1.a kp 

np11 9TOM B cnyqae HB60nbllll1X a B o6nacTb !1.a kp rronanaro T cj:Ja3bi , pacnono}!{ e HHbre 

C OllHO~ ~_;opOH bl OT a = 0 II I!MeHHO C TO~,• rn e 'ldCTHUbl, llBHr851Cb IIO p8ll!18nbHO-cj:Ja30BOH 

TpaeKTOpHH, IIpi16nii}!{8!0 TC51 K MI!WeHii • np11 3H8 '1eHI151X a, CBb!W B 0,5 CMIMCeK 1 o6naCTb 

f1. a 3 H8'1HTBnbHO p8CWI!p51BTC51 38 C'!BT cj:Ja3, pacrronO}!{BHHb!X C rrpOTHBOIIOnO}!{HO~ CTOpOHbl 
. kp 

OT TO'IKH a '= 0 

KaK l13BBCTHO, Ha K8}!{llO~ panHanbHo-cj:Ja30BO~ TpaeKTOpHH o6pawaJOTC51 qacTI!Ubi c pa3nH'IHbiMH 

8MIInl1TYll8Ml1 CB060llHhlX Kone6aH!1~ OT 0 110 HBKO TOpOr O Ama~ 4aCTHUhl C p83 HhlMH 8MIInHTy

ll8MH 9 THX KOne68HH~ IIOII8ll8!0T H8 MHW8Hb1 K8K y}!{e OTMeqanOCb, CO CllBHrOM BO BpeMeHH 

(HO B TO~ }!{e o6naCTH f1.akp ), Y'IHTbiBaSl 9To o6cT051TenbCTBO, Mbi MO}!{eM Terrepb cocTaBHTb 

ce6e rrpBllCT8BnBHHB 0 BpeMBHHOH CTpyKType HMIIynbC8 '!8CTHU H8 MHWBHb, .iln51 orrpeneneHHO~ 

p8llH8nbHO-cj:J830BO H TpaeKTOpHH llnHTBnbHOC Tb HMrrynbC8 B Te'!BHHe BpeMeHH OllHOrO cj:J830BOrO 

.KDne6aHH51 MeHSleTCSl OT 0 no !1.akp • T, rue T - apeMSl onHoro o6opoTa qacTHU B ycKopwTene. 
2rr 

VlMrrynbC OT 48CTHU C Bbl6paHHO~ p8llH8nbHO-cj:J830BO~ TpaeKTOpHH rrpeKp8 ":'HTC51, KOrlla HC4ep-

II8!0TC51 BC e 8MIInHTY llbl CB060llHb!X KOne6aHH~ . 

Haw6onbwee !l.akp = !1.;,;-kp 6yneT, o'!eawnao, y rrorpaHH4Hoil: panwanbao-cj:Ja3oaoti 

Tp8BKTOpHH, llnSl KOTOpOH a = 7r • f 
max 

• CyMMHPYSI HMrrynbCbi Ha MHWeHb, o65138HHbre pa3nwq-

Hb!M p8llH8nbHO-cj:J830BbiM Tp8BKTOpH51M, rrony'IHM, 'ITO llnHTenbHOCTb HMrrynbCOB BTOpH'IHblX q a c -

THU H8 IIpOTSl}!{BHHH BCero BpBMBHH coynapBHHSl IIY4K8 C MHWeHb!O, HCKnl04851 rr e pellHH~ H 3811-

HHH cj:JpO HT, orrpenenSieTCSl aenH4HHOil: !1. a kp B rrpellbillYWHX paccy}j{neHHSlX M bl rrpeae6pernw 

B03M0}!{H0CTb!O MHOrOKp8THOrO 06XOll8 MHWeHH 113-38 CB060llHbiX Kone6aHw~. Ho rrocKonbKY 

rrepHOll cj:Ja30BhlX KOne6aHH~ B KOHUe yCKOpeHI!Sl IIpH6nH3HTenbHO B ThlCSl'IY p83 6onbWe , 4P~ rrepw-

Oll CB060llHblX K One6aHHH, OWH6 Ka B OIIpeneneHHH f1.akp 6yneT aeaenwKa, Ha pwc. 1 rr o1 . J3 8Ha 

aenH'!HHa TJ , p8B H 85l OTHOWeH H!O llnHTenbHOCTH HMrrynbCOB BTOpH'IHb!X '!8CTHU K rrepHOllY HX 

IIOBTOpeHHSl B 38BH C IIMOCTH OT CKOpOC TH a 1 Bbi'IHCneHH85l lln5! peanbHb!X ycnOBH~ CHHXpocj:Jaoo-

TpOHa Ha 10 Ess. npoae pO'!HhlH pacqeT no TO'!HhlM cj:JopMynaM c yqeTOM Henwaeil:HOCTH po~Hanb-

ao-cj:J830BhlX KCne6 aHH~ IIOK838n 1 'ITO B H8WeM cnyqae HenHHeHHOCTb IIp8KTH'!eCKH He CK83NBOBT-

CSl , 

3KcrrepwMeHT8nbHO Bb!COK0'18CTOTH85l CTpyKTypa H86niOll8naCb C IIOMOWb!O CUHHTHnnHUHOH 

HOr'O "30Hll8" 1 rrpellCT8Bn5liOWero C060fi rrnaCTH4 eCKHH CUHHTHnnHTOp, yKperrneHHbl~ H8 KOHUe 

CBeTOBOll8 1 IIpOTHBOII OnO}!{Hbl~ KOHeU KOTOpor o H8XOllHnC5l B KOHT8KTe C cj:JOTOYMHO)I{HTeneM , 

CUHHTHnnHTOp IIOMe wanCSl B BBKYYMHOH K8Mepe y BHyTpeHHeil: CTeHKH, ny'IOK rrpOTOHOB B rrpo-

uecc e ycKopeHHH cMewancH Ha MHweHb, pacnono}!{eHHYIO y BHyTpeaaero HnH BHewaero Kp851 

pa6 o qet\ o6nacTH, Pa3Mep MHWBHH B aanpaaneHHH llBH}!{BHHH ny'!Ka 6brn nocTaTO'IHO aenHK, 

nosTOMy '18CTHUbl 38 C'!eT IIOTBpH 9HeprHH B TOnWe MHWeHH 386p8CbiB8nHCb H8 BHyTpeHH!O!O 

CTeHKY BaKyyMHOH K8Mepbl H norrananw H8 pacnono)l{eHHb!H 3lleCb CUHHTHnnSITOp, 4T06b! H36e

}!{8Tb cj:JoH a OT '18CTHU Manofi 9HeprHH, Bblii8ll8!0WHX B npouecce yCKOpeHH51 1 CUHHTHnnHTOp 6bin 

yrraK OB8H B TOHKY!O aniOMHHHeByJO cj:Jonbry , CBeTOBOH CHrHan rrepenaaanCSl qepe3 CBeTOBOll H8 

K8T0ll cj:JOTOYMH0}!{HTen51 ¢3Y-33, IIOMeWeHHOrO BHe K8Mepb!, VlMrrynbC H8IIp5l)l{eHH5l C 8H0ll8 

cj:JoTOYMHO}!{HTenH nonaaancH no Ka6enJO PK-50 nnwHoil: OKono 100 M, Harpy}!{eHHo ro Ha aonHo

aoe corrpoTwaneHHe 1 Ha axon CKopocTHoro ocuwnnorpacj:Ja .L130-1. TwnwqHaH ocuwnnorpaMMa 
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az1 I A I : 

0.1 t J I I I I 

Cl! t5 2 a c•;l>fou 

PHC, 1. 3aBHCHMOCTb OTHOWeHHS! .UnHTenbHOCTH BhiCOK0'18CTOTHhlX HMrrynbCOB K rrepHO.lly 

HX fiOBTopeHHSI OT CKOpOCTH CMeweHHS! fiY'IK8 Ha MHllleHb rrpH Cos ¢
0 

=0,265 
V0 = 7,9 KB, n = 0,6]1 3KCITepHMeHTanbHhie BenH'IHHbl OTMe'!eHbl TO'IK8MH, 

PHc, 2. OcuHnnorpaMMa BhiCOKO'!acTOTHoro cHrHana OT 

CUHHTHnnSJUHOHHOrO w30H.ll8w, 8peMeHHOa HHTepaan 

Me)!(.Uy HMrrynbC8MH paaeH 0, 7 MKCeK, 

Bh!COK0'18CTOTHOl! CTpyKTypbi rrpHBe.aeHa H8 pHc,2, 0THOllleHHS! .UnHTenbHOCTH HMrrynhCOB K nepHo

.llY HX f!OBTOpeHHS!, Orrpe.aeneHHhie 3KCrrepHMeHT8nbHO .UnS! pa3nH'!Hb!X CKOpOCTel! Haf!nhiB-aHHS! 

fiY'IK8 H8 MHWeHb, OTMe'!eHbl Ha pHC, l TO'IK8MH, 3KCrrepHMeHT8nbHhie BenH'IHHhl HeCKOnhKO rrpe-

BOCXO.llS!T TeopeTH'!eCKHe, 
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1 

BbiCOKO'i8CTOTH8H CTPYKTYP8 ny'iKOB BTOpl1'iHhiX 'i8CT11U MO)!(eT 6hiTb 11Cnonb30B8H8 B 3 Kcne

p11M eH T8X1 OCHOB8HHhiX H8 p83HOCTI1 BO BpeMeHH nponeT8 'i8CTI1U. 0nHaKO OH8 BeCbM8 H e )!( e n8-

TenbH8 np11 p860Te CO C'ieT'ii1K8MI1 B 11HTeHCHBHbiX ny'iK8X BTOpl1'iHhiX 'i8CT11U 1 T8K K8K H8Kn 8 .Ubl-

B8eT O'ieHb JKeCTKI1e Tpe60B8HI1H H8 p83peW810lllYIO CnOC06HOCTb 2 8nn8p8Typhl. Vl3 113nO)!(eHHO-

f'O BhiWe Bl1nH0 1 'iTO Bb!COKO'i8CTOTH8H CTpyKTypa npOHBnHeTCH np11 BhiBOne ny'iK8 H8 MHIDeHb 

B npouecce YCKOpeHI1H. Ee MO)!(HO ni1KBI1n11pOB8Tb 1 ecn11 H8ATI1 cnoco6 1 KOTOp hl A n03BOnl1n 6w 

no c6poc8 H8 MKWeHb nony'ii1Tb p8BHOMepHoe pacnpe.ueneHI1e 'i8CT11U B H8np8BneHHI1 8311MYT8. 

H11)!(e Mbl OCT8HOBI1MCH H,8 HeKOTOpblX 113 T8KI1X CnOC060B . 

2. H113KO'i8CTOTH8H CTpyKTYP8 

B 3 TOM pa3nene 6ynyT p8CCMoTpeHhi cnoco6bi BhiBo.ua ny'iK8 H8 MI1WeHb1 no3BOnSIJOW11e 

nony'i8Tb BTOp11'iHbie ny'iKI1 'i8CTI1U 1 He conep)!(8llll1e BhiCOKO'i8CTOTHOA CTPYKTYPhi . 0nH8KO np11 

np11MeHeHI1H K8)!(nOf'O 113 HI1X B TOA 11n11 11HOA Mepe npOSIBnSieTCfl HI13KO'i8CTOTH8fl CTpyKTyp8 1 KO-

TOp8SI T8K)!(e np11BOnHT K Hep8BHOMepHOCTI1 38rpy3KI1 8nn8p8Typw BO BpeMeH11. 

H8116onee npocTwM 113 3TI1X MeTonoB SIBnSieTCSI •ecTeCTBeHHoe• CBOp8'ii1B8HI1e qacT11U Ha 

M11llleHb nocne npeKp8llleHI1fl YCKOpeHI1fl. np11 3TOM CKOpOCTb 113MeHeH11H p8.U11YC8 Mf'HOBeHHbiX 

op611T onpe.uenSieTcSI cKopocTbiO 113MeHeHI1fl M8f'HI1THoro nonSI H 

0 "' 
R· H (4) 

(1-n) H 
/5/ 

B p86oTe noK83 8H0 1 'iTO 'ii1Cno 'i8CTI1U 1 nona.u8JOW11X H8 MI1WeHb 38 on11H o6op.oT
1 

npo-

nopUliOH8nbHO yo • M8f'HI1THOe none B CHHXpocp830TpOHe H8 10 63B
1 

nOMI1MO Me .uneHHO 113MeHSI-

10llleACfl COCT8BnfiiOlll8A 1 conep)!(11T nynbC8U11H C 'i8CTOTOA 1 Kp8THOA 600 ru: 

H = li
0

(t) + ~ hksin(2rrk · 600t+ak)• l5 ) 
k 

no3TOMY 1 nonCT8BnHH 'ii1CneHHble 3H8'ieHI1H Benl1'il1!1 1 BXOnHWHX B ( 4) 1 np11M8HI1TenbH O K CI1HXpo-

cp830TpOHy H8 10 63B 1 CKOpOCTb 113M8HeHI1fl p8nl1yC8 Mf'HOBeHHhiX Op6HT np11 'eCT8CTB8HHOM• 

CBOp8'iHB8HHI1 'i8CTI1U 1 yCKOpeHHhiX no KOHe'iHOA 3Hepr11H 1 MO)!(HO Bblp8311Tb cnenyJO lll i1M 00 p ,.'30~'~ 

3necb yqTeHO TOnbKO neACTBI1e r'8pMOHHKI1 C 'i8CTOTOA 600 f'U 1 T8K K8K 8MIIni1Tyn8 Bb!Cilli1X 

r'8pMOH11K 3H8'iHTenbHO MeHbWe. flOCKOnbKy p8nl18nbH8H CKOpOCTb CMellleH11H IIpOMO.Uyn11pOB8H8 

BO BpeMeHI1 C 'i8CTOTOA - 600 f'U 1 11MnynbC TOK8 H8 MHW8Hb 6y neT conep)!(8Tb HI13KO'i8CTOT

Hyl0 CTpyKTypy C T8KOA )!(e 'i8CTOTOA. 3TO nonTB8p)!(n8eTCH OCUHnnorp8MMOA (pH C. 3) 1 H8 KOTo-

poA nOK838H CHf'H8n OT 'CU11HTHnnHUHOHHOf'O' 30Hna npH 'ecTeCTBeHHOM• CBOp8'iHB8HHH H8 MH

weHb (H11)!(H11A nyq) H np0113BOnH8H nynbC8UHA M8f'HHTH0f'O nonfl BO BpeMeHH (BepXHHA nyq). 

Ha pHc. 5 aTOT )!(e Cl1f'H8n noK838H B 6onbWOM speMeHHOM M8CwTa6e. K8K B11.UH0 1 BhiCOKo

qacTOTHOA cTpyKTYPhi oH He conep)!(HT. 06'bHCHHeTCH aTo TeM 1 'iTO 113-38 H8nl1'iHH y ycKopeHHhiX 

'i8CTHU p836pOC8 no 3Hepr'11HM 1 38 BpeMH CBOp8'iHB8H11H K MHW8HH cryCTOK ycnesaeT paccpopMH

pOB8TbCfl1 H ny'iOK no 83HMYTY p8BHOMepHO 38nOnHHeT B8KYYMHYIO K8Mepy. llnHTenbHOCTb HM

nynbCOB BTOpH'iHbiX 'i8CT11U 1 nonyqaeMbiX T8KI1M CnOC060M, COCT8BnHeT 4-5 MCeK. 

48CTO 6biB8eT Heo6xonHMO nony'i8Tb ny'iKH .Un11TenbHOCTbiO 50- 100 MC8K 1 'iTO noCTI1f'8eTCSl 
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PHc, 3. OcuHnnorpaMMa HMnynbca BTOpH'-!H biX '-IBCTHU np11 

"ecTeCTBeHHOM" CBOp8'-1HB8HHH yCKOpeHHOf'O ny'-!K8 H 8 

MHWeHb (HH)!(HHi!: nyq), Ha sepxHeM nyqe naHa npoH3BOLlH8SI 

so speMeHH nynbcauHi!: MarHHTHoro non11, CKopocTb 

p83Be pTKH 1 M CeK/ CM. 

PHc, 4. OcuHnnorpaMMa HMnynbca BTOPH'-!HbiX '-IBCTHU, nonyqeHHoro nyTeM cMerue HHSI ny'-!Ka Ha 

MHWeHb B npouecce YCKOpeHHSI 38 C'-!eT H3MeH8HHSI '-!8CTOTbl yCKOpS!IOlU8f'O H8npSI)!(8HH SI 

( HH)!(HHA nyq). Ha sepxHeM nyqe naHa npoH3BOLlH8SI no speMeHH nynbcauHA MarHHTHoro 

nonS!, CKopocTb pa3sepTKH 1 MeeK/eM. 

PHc, 5. OcuHnnorpaMa HMnynbca BTOpH'-!HbiX '-!8CTHU npH 

"eCT8CTB8HHOM" CBOp8'-1H B8HHH yCKOpeHHOf' O ny'-!K8 H8 

MHlUeHb, .[lnHTenbHOCTb p83B8 pTKH 10 MKC8K, 
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npH CKOpOCTHX a I npH6nH3HTenhHO paBHhiX 100-200 CM/CeK. np11 T8KHX CKOpOCTSIX CTpyKTypa 

nynbCBUHA MarHIITHOrO nonH npOHBnSieTCSI 3H8'iHTenbHO CllnbHee. Jlng HnniDCTp8UIIH Ha piiC. 4 

noKasaHa ocuHnnorpaMMa IIMnynbca BTOPII'iHhiX qacTHU, nonyqeHHoro nyTeM Hase.neHII51 ny'iKa Ha 

x) 
MHWeHb B npouecce )'CKOpeHII51 38 C'ieT H3MeHeHHH 'i8CTOTbl )'CKOpS!IDWero H811pR>KeHHSI CO CKo-

pOCTbiD 100 cM/ceK. O.nHaKo Tpe6osaHIIR nony'ieHH51 .OI1HTenhHhiX IIMnynbCoB 11 yMeHbWeHH51 rny-

6HHhi MO.O)'nHUHH Hs-sa nynhC8UIIA nong MO:>KHO COBMeCTHTb, ec1111 HCK)'CCTBeHHO C03.08Tb )'CI1o-

BHSI, npH KOTOpbiX 'i8CTIIUhl Me,nneHHO Bhin8.08IDT 113 npouecca )'CKOpeH1151 H CBOp8'iiiB8IDTC51 Ha 

MIIWeHb B H3MeHSIIDlUeMC~ M8rHIITHOM none. MeXBHII3M coy.napeHII51 ll)''iK8 C MIIWeHbiD B 9TOM 

Cl1)''i8e COBepweHHO T8KOA :>Ke, K8K llpll "ecTeCTBeHHOM' CBOp8'iHB8HIIII, 1109TOM)' BbiCOKO'i8CTOT

H8SI CTp)'KTypa 6y,neT 11HKBII.OHpOB8Ha, a rny6HH8 MO.O)'n51UIIII 113-38 11)'11bC8UIIA MarHIITHOrO non51 

6y .neT MHHHManbH8. 

O.nHIIM 113 TaKHX MeTo.nos RBnHeTC51 pesoHaHcHa51 pacKa'iKa ¢asoBhiX Kone6aHIIA. C sToA 

uenbiD B 'i8CTOT)' )'CKOpSIIDLUero Hanp51:>KeHH51 BBO.OHnOCb nepHO.OH'ieCKOe B03M)'lUeHHe C 'i8CTOTOA, 

6nH3KOA K 'i8CTOTe ¢a30Bh!X KOne6aHHA. Ha pHC. 6 nOK838Ha OCUIInnorpaMM8 11011)''i8eMoro np11 

9TOW HMilynbCa BTOpll'iHhiX 'i8CTHU. noMHMO CTpyKT)'pbi nynbCaUHA M&rHIITHOrO non51 3.0eCb 

PHc. 6. Ocu11nnorpaMMa IIMnynbca BTOpH'iHhiX 'i&CTHU np11 pesoHaHcHoA pacKa'iKe 

¢asOBbiX KOne6aHIIA nyTeM BBe.neHHSI B 'i8CTOT)' )'CKOp51IDLUero Hanp51:>KeHH51 

nepiiO.OH'ieCKoro sosMyweHHH c qacTOToA 1200 ru ( HII:>KHHA ny'i). Ha sepxHeM 

ny'ie .naHa npo11aso.nHaH no speMeHII nyl1hcauHA MarHIITHoro no1151. CKopoCTh 

passepTKH 2,5 Mcex/cM. 

qeTKO Bhipa:>KeHa CTPYKTypa c qacToToA sosMywaroweA CHnhi ~ - 1200 rm) • KpoMe Toro Ha611ro

.aaeTCH nepHOLlH'iHOCTb C nep110.00M - 13 MCeK, IIpOHC30:>K.09HHe KOTOpoA, no-BII.OHMOM)', MO:>KHO 

06'bHCHHTb ,nononHHTenbHhiM .neACTBH9M rapMOHHKH C 'i8CTOTOA 150 ru, KOT0p851 T8K:>Ke COLlep-

:>KHTCH B M&rHHTHOM none. 

JlpyroA MeTO.O, IIOCpe.OCTBOM KOTOpOrO MO:>KHO ocyweCTBHTb Me.OI1eHHOe BblfiB.OeHIIe 'i8CTIIU 

H3 CHHXpOHH3M8, COCTOIIT B yMeHbWeHHH 8MIInHT)' .Obi )'CKOp51IDLUero HaiipH:>KeHH51. 8peMeHH851 

x) 3a nynbCaUH5IMH M8rHHTHOrO nOI151 C 'i8CTOTOA 600 ru 'i8CTOT8 )'CKOp51IDWero IIOn51 "He 

cne.OHT' • noaTOM)' paBHOBeCHbiA paLlH)'C T8K:>Ke nynbCIIpyeT. 



CTpyKTypa HMnynbC8, nony'!eHHOrO T8KHM CllOC060M, llOK838H8 Ha pHC. 7. Ha HH>KH9M nyqe ,ll8H8 

OCUHnnorp8MM8 Bb!C OK0'!8CTOTHOrO H8llpH>K9HHH H8 yCKOpHIOLU9t\ wenH. KpoMe CTpyKTypbl nynbca

UHt\ nonS! HM99T M9CTO .llOllOnHHT9nbH8H MO.llynHUHH C '!8CTOTOA 100 ru, KOT0p8H Bhl3B8H8 H8nH

'IH9M nynbC8UHt\ T8KOt\ >Ke '!8CT0Tbl H8 OrH68IOLU9t\ yCK OpHIOLUe r o HanpH>K9HHH. 

PHc. 7, OcuHnnorpaMMa HMnynbCa BTOpH'!HbiX qacTHU npH yMeHbiDeHHH 

aMnnHTY .Ubi ycKOpHIOLUero HanpH>KeHHH ( sepxHHti nyq). H a HH>K

HeM nyqe ll0K838H8 OCUHnnorp8MM8 Bb!COK0'!8CTOTHOrO H8llpH>Ke

HHH Ha ycKopHIOLUeA wenH . CKopocTb pa3sepTKH 10 MceKICM. 

TaKHM o6pa3oM o6a MeTo.aa npHBO.llHT K noHsneHHIO .aononHHTenbHOti HH3K0'!8CTOTHOA 

CTpyKTypbl, C 3TOt\ TO'IKH 3p9HHH npe.ano'!THT9nbHbiM HBnHeTCH CllOC06, npe.ano>KeHHblti B pa6o

/3/ 
Te • PaCK8'!K8 cp830Bb!X KOne6aHHA npOH3BO.llHnacb 3.ll9Cb cne.ayiOLUHM o6pa30M , ny'IOK B 

npouecce ycKopeHHH nepeMewancst K Hapy>KHOMY pa.aHycy H MHoroKpaTHO npoxo.aHn qepe3 pac-

nonO>K9HHyiO T8M TOHKYIO cponbry • 8b!ll8BlllH9 Ji!3 yCK OpeHHH '!8CTHUbl CBOp8'1HB8nHCb K BHyT-

peHHeMy KpaiO pa6oqet\ o6nacTH, r.ae nona.aanH Ha MHLUeHb. 3To .aaaano B03MO>KHOCTb aecTH pa6oTy 

C p8CTSIHYTbiMH 50 Bp9M9HH HMnynbCSMH C .llBYX MHlll9Het\ O,llHOBp9M9HHO, 8 CHHXpOcp830TpOHe H8 

10 Esa 6hinH npoae.aeHbl OnbiTbl c cponbrOA pa3nH'!HOi!: TOnLUHHbl, npH pa6oTe c cponbroa H3 

M9Anapa TOnLUHHOll 2-3 MHKpOHS, 3HeprHH, T9pH9M8H '!8CTHU9t\ H8 HOHH38UHIO, 3 HS'!HTenbHO 

M9Hblll9 1 '19M npHpOCT 3HeprHH 38 o60pOT. no3TOMY ny'!OK '!8CTHU, MHOrOKp8THO nepeceKaH 

cponbry, npo.aon>KaeT ycKopHTbCH, O.aHaKo pa.aHan bHo-cpa30Bbie Kone6aHHSI nocTeneHHO HapacTa

IOT, H '18CTHUb1 1 Bblll8.ll8Sl B KOHU9 KOHUOB H3 o6naCTH yCTOll'IHBOCTH 1 ll0ll8,ll8IOT HS BHyTp9HHIOIO 

MHlll9Hb 1 CBOp8'1HB8SICb *eCT9CTB9HHO* • 

8 3TOM cnyqae y.aaeTCH nony'IHTb paBHOM9pHhlll BO Bp9M9HH HMnynbC BTOpH'!HhlX '!8CTHU, 

.anHTenbHOCTbiO 400-500 MeeK. BbiCOKO'!aCTOTHOi!: CTPYKTypbi TaKoA HMnynbC He co.aep>KHT, 

CTpyKTypa nynbCSUHt\ M&rHHTHOrO nonH npe.aCTSBneHa TSK >Ke, K8K H npH 
0

9CT9CTB9HHOM° Cao

p8'1HB8HHH, nnst nonyqeHHSI 6onee KOpOTKHX HMnynbCOB T OnLUHHY cponbrH npHXO.llHTCH ysenH'!H-

B8Tb, 

YaenH'!9HHe TonwHHbi cponbrH npHBO.llHT K HHTeHCHBHoti pacKa'!Ke cpa30BbiX Kone6aHHA, 

o6ycnoBn9HHOt\ llOT9pHMH H8 HOHH38UHIO. KpoM e TOr O , H3-38 MHOrOKp8THOrO paCC9SIH HH B cponb-
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re nocTeneHHO yaenHqHa8eTcH 8MnnHTyn8 cao6onHwx Kone68HH~. H8 pHc. 8 noK838H8 ocuHnn o 

rp8MM8 CHrH8n8 OT CUHHTHnnHUHOHHOrO * 30Hll 8 .. npH p860Te C cpOnbrO~ H3 Me~n8p8, TOnUlHHO~ 

250 .MHKpOH • .LlnHTenbHOCTb HMnyni;>C8 BTOpHqHbJX q8CTHU B 9 TOM Cnyq8e COCT8BnHe T 20 MCeK. 

K8K BHllHO H3 pHCYHK8, noMHMO q8CTHU, Bhin8BlilHX H3 ycKopeHHH
1 

H8 MHWeHb 38 cqeT B03p8CT8-

HHH 8MllnHTYllbl CB060llHbiX p8llH8nbH biX KOne68HH~, non8ll8IOT T8K)!{e q8CTHUhi, H8XOllHUlHeCH B 

CHHXpOHH3Me , nocnenHee 06CTOHTenbCTBO npHBOllHT K llOHBneHHIO BbiCOKOq8CTOTHO~ MOllynHUHH 

TOK8 qaCTHU C MHUleHH, CnenOB8TenbHO, npH nonyqeHHH 9THM M e TOllOM nyqKOB q8CTHU nnHTe nb

HOCTbiO 20-40 MCeK BbJCOKOq8CTOTHYIO CTpyKTypy nonHOCTbiO nHKBHllHpOB8Tb He y ll8eTCH. npH 

9TOM OTHOUleHHe 8MnnHTy llbl BbiCOKOq8CTOTHbJX HMnynbCOB K BenHqHHe HH3KOq8CTOTHOl! COCT8BnH-

IOUlel! 6nH3KO K 100%, 

~ · ~'A ' ; r ,~\_ ' 
\•·1 ~ .• ,.• '•••• I • I I I ' ' 
' '' I ' ' I ' ~ 't . ' . • , , 
~ r ' ·j . ·~ . a t 

PHc. 8. OcuHnnorp8MM8 cHrHana OT CUHHTHnnHUHOHHoro 30Hna npH 

pacKaqKe cpa30BhiX Kone6aHHlt cponbrol! H3 Mel!n8p8, TonwHHol! 

250 MHKpOH, BpeMeHHOlt HHTepaan Me)!{ny BhJCOKOqacTOTHbiMH 

HMnynbCBMH COCTBBnHeT 0, 7 MKCeK, 

BbJBOllbl 

1) npH coynapeHHH yCKOpeHHOrO nyqKa npOTOHOB C MHUleHbiO B npouecce ycKopeHHH OupD -

3 YIOTCH HMnynbChi BTOpHqHhiX q8CTHU, conep)!{8UlHe BbiCOKoqacTOTHYIO CTPYKTYPY c nepH OllOM , 

p8BHbiM qaCTOTe o6paweHHSI, .LlnHTenbHOCTb BbiCOKOqBCTOTHbiX HMnynbCOB 38BHCHT OT CKOpOCTH 

CMeUleHHH ycKopeHHOrO nyqK8 H8 MHUleHb. 

2) flHKBHllHPOB8Tb BbiCOKOq8CTOTHyiO CTPYKTYPY Mo)i(Ho nyTeM HCKyccTBeHHoro co3naHHH 

ycnOBHA, npH KOTOpblX qaCTHUbl Bblll8ll8IOT H3 yCKOpeHHSI H CBOpaqHBBIOTCH HB MHUlef!b B H3Me 

HSIIOUleMCSI M8rHHTHOM none, Bo BpeMH .. ecTeCTBeHHOrO., CBOpaqHB8HHSI q8CTHUbl 38 C'leT 9 Hepre -

THqeCKOrO pa36pOC8 pBBHOMepHO 3anonHHIOT BBKyyMHYIO KBMepy no 83HMYTY. EcnH TBKOl! Mell!a

HH3M Bbi3B8H pe30H8HCHO~ p8CKBqKO~ cp830BbiX KOne68HHl!, HMeeT MeCTO Hep8BHOMepHOCTb HM

nynbCOB BTOpH qHbiX qaCTHU, o6ycnoaneHH8H HH3KOq8CTOTHO~ CTPYKTypo~. EcnH BbmaneHHe H3 

ycKo peHHH ocywecTBnHeTCH nyTeM yMeH bWeHHH 8MnnHTy llhi ycKopHIOWero HanpH)!{eHHH HnH 

p8CKBqKO~ cpaSOBbiX KOne68HH~ C nOMOUlbiO cpOnbrH, CTpyKTyp8 nyqKOB BO BpeM e HH nonyq8eTCH 

6onee pBBHOMepHo~. 
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3) rny6HHa MOLlynSIUHH, Bbi3BaHHaSI nynbCaUHHMH Maf'HHTHOI'O ITOnH, HaH60.'Iee BenHKa llpH 

M8Lln8HHOM CM8lll8HHH nyqKa Ha MHlll8Hb. HaHM8HbWeit BenH'lHHbl OHa LlOCTHraeT llpH u8C T8CTB8H

HOM' CBOpa'lHBaHHH 'l8CTHU Ha MHW8Hb. 

ABTOpbi nonb3YJOTCH cnyqaeM Bbipa3HTb 6naroLtapHOCTb A.B. Ky3Heuosy 3a secbMa none3-

Hbie o6cy)f(Ll8HHH H B.H. BynLlaKOBCKOMy, npHHHMasweMy yqacTHe B ITOLli'OTOBKe annapaTypbi H 

npOB8Ll8HHH H3M8p8HHA. 
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