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AHHOTSUK:H 

Coo6waiOTCH peaynbTSTbi Hccne.llOBSHHH B3BHMO.lleAcTBHH ycKopeHHoro ny'IKa ~acTHU c 
I • 

TOnCTblMH MHUleHHMH npH' paanH'IHbiX ycnOBHHX 1 BCTpe'ISIOWHXCH B npaKTHKe BbiBO.ll8 ny'IKOB 

H3 CHHXpOcP830TpOHa. JlaH MeTO.ll paC'leTa rny6HHbl aa6poca '18CTHU H8 MHUleHb. npoH3Be,lleHa 

9KCnepHMeHT8nbH8H npoBepKa TeopeTH'leCKHX peaynbTSTOB B ycnOBHHX CHHXPOcP~30Tp0Ho!l H8 

10 . Bas. 0nHC8H cnoco6 nOBblllleHHH a#eKTHBHOCTH coy.llapeHHH nyqKa c TOnCTblMH MHWeHSIMH, 

n03BOnHIOWHA ycTp8HHTb BnHHHHe nepeKOCOB MHWeHH OTHOCHTenbHO p8BHOBeCHOA op6HTbl. 



l. B aeneHue 

ny'IKH BTOpH'IHbiX '18CTHU, BbiBOJJ.HMbi9 H3 CHHXpOcp8 30TpOH8, o6p83YIOTCSI nyTeM . 60M68p

JJ.HpOBKij ycKopeHHbiMH ripoTOH8MH MH.weHeA , p8cnpno*eHHbiX BHYTPH B8KYYMHOA K8Mepbr. B 38ae

CHMOCTH OT Tpe60B8HHA ~H3H'I9CKOI'O :3KCnepHM9HT8 BbiBOJJ. yCKOp9HHOI'O ny'IK8 H8 MHW9Hb npo

H3BOJJ.HTCSI p83nH'IHbiMH cnoco68MH. npu p860T9 CO C'I9T'IHK8MH Tpe6yeTCSI o6ecne'IHTb MenneH

HOe H8nnbiB8HHe ny'IK8 H8 M HWeHb, 'IT06br nyqoK BTOpH'IHbiX '18CTHU 6brn p8CTHHYT ao apeMeHH 

JJ.O 100-200 MC9K. npH p860T9 C ny3blpbKOBbiMH K8M9p8MH Bb!BOJJ. ny'IK8 H8 MHW9Hb npOH3BO

JJ.HTCSI M9H99 '19M 38_ 500 MKC9K. 8 pH .~. e cnyq8eB y JJ.OBneTBOpHT9nbHbiM HBnHeTCSI T8K H83biB8e

Mblft '9CT9CTB9HHbiA' Bb!BOJJ. ny'IK8, KOI'JJ.8 '18CTHUbi nocne BbiKniO'I9HHSI yCKOpSirOI.I..l9I'O H8npH)Ke

HHSI CBOp8'1HB8IOTCSI H8 MHW9Hb B p8CTYI.I..l9M M8rHHTHOM none 38 Bp9MSI 4,(5 MCeK. H8KOH9U, npH 

peweHHH H9KOTOpbiX cpH3H'19C:KHX 38JJ.8'1 nnuTenbHOCTb HMnynbCOB BTOpH'IHbiX '18CTHU JJ.On)KH8 

CQCT8BnHTb H9CKOnbKO JJ.9CSITKOB MKC9K. 

MeTOJJ.bi BbiBOJJ.8 ny'IK8 Ha MHW eHb, y noaneTaopHIOI.I..lHe STHM p83Hoo6p83HbiM Tpe6oaaHHHM, 

npHHUHnHanbHO CBOJJ.SITCSI K cnenyrol.l..lHM T9XHH'I9CKHM npH9M8M! CM9ll.l9HHIO MI'HOB9HHOA op6HTbl 

nocne npeKp81.1..l9HHSI YCKOpeHHSI B H3M9HSIIOI.I..l9MCSI M8I'HHTHOM none; CM91.1..l9HHIO paBHOB9CHOft op

.6H.Tbl B npouecce yCKOp9HHSI 38 C'19T H3M9H9HHSI no 38JJ.8HHOMY 38KOHY '18CTOTbl yCKOpSIIOI.I..l9I'O 

H8npH:lK9HHH; B036y)KJJ.9HHIO H8p8CT8IOI.I..l9A BO Bp9M9HH .83HMyT8nbHOA 8CHMM9TpHH M8I'HHTHOI'O 

no.nH, KOTOp8S1 HCK8)!{89T · op6HTy, B p e3ynbT8T9 '19I'O '18CTHUbl MOI'YT nonaCTb Ha MHW9Hb; C03-

.JJ.8HHIO ycnOBHA, ·OpH KOTOpblX '18CTHUbl MenneHHO HnH 6biCTpO Bbin8JJ.8IOT H3 nnouecca ycKopeHHSI 

!1-3/ 
H CB0p8'1HB8IOTCSI H8 MHW9Hb T8K )1{9 0 K8K npH "eCT9CTB9HHOM' BbiBOJJ.e • npH 8H8nH39 

B38HMOJJ.9llcTBHSI YCKOp9HHOI'O nyqKa C MHW9HbiO H938BHCHMO OT TOI'01 K8KHM H3 yK838HHbiX Me-

TOJJ.OB npOH3BO.!J.HTCSI BbiBOJJ.I MO)KHO C'IHT8Tb 0 'ITO nonaJJ.8HH9 H8 MHW9Hb npOHCXOJJ.HT 38> C'I9T 

npu6nH)KeHHH K HeA MI'HoaeHHOA op6HTbi . CKopocTb cMemeHHH MI'HoaeHHOA op9HTbi onpenenHeT 

JJ.nHTenbHOCTb coynapeHHSI '18CTHU C MHW9HbiO. 

)lnH nonyqeHHSI HHT9HCHBHbiX ny'IKOB BTOpH'IHbiX '18CTHU Tpe6yeTCSI o6ecne'IHTb scpcpeKTHB-

HOe non8JJ.8HH9 npOTOHOB H8 MHW9Hb. 3Ta 38JJ.8'18 '18CTO y<!:nO)KHSI9TCSI T9M 1 'ITO 

~pe60B8HHSI OOTPIM8nbHOlt cpOKYCHpOBKH BTOpH'IHbiX ny'IKOB l HanpHMep, npH cenapauHH '18CTHU) npeno

npenenHIOT JJ.OCT8TO'IHO M8nbllt pa3Mep MHW9HH. B H8CTOSIWeA CT8Tbe C0 061.1..l8IOTCSI pe3ynbT8Tbl 

HCCn9JJ.OB8HHSI ~38HMOJJ.9ltCTBHSI yCKOpeHHOI'O ny'IK8 C MHW9HbiO npH pa3nH'IHbiX ycnOBHSIX 1 BCTpe

'18IOI.I..lHXCSI B npaKTHKe BbiBOJJ.8 BTOpH'IHb!X '18CTH.U H3 CHHXpOcp830TpOH8 H8 10 6sa. Pe3ynbT8Tbi . . 
1 nonyqeHbi JJ.nSI TOnCTbiX MHWeHeA, nocne OJJ.HOKp8THOI'O npOXO)KJJ.9HHSI KOTOpblX '18CTHU8 Bbi6bi

B89T H3 pa6oqeA o6n8CTH H nonanaeT Ha CT9HKY B8KYYMHOA KaMepbl. MeX8HH3M B38HMOJJ.eACTBHSI 

ny'IK8 C T8KHMH MHW9HSIMH OJJ.HH8KOB npH pacnOnO)K9HHH MHW9HH H8 panuyce, K8K 60nbWeM, 

T8K H M9Hbill9M 1 '19M U9HTpanbHbiA panuyc CHHXpOcp830TpOHa. CnyqaH CoynapeHHSI '18CTHU C MH

W9HbiO npH '9CT9CTB9HHOM' Bb!BOJJ.9 H B npouecce YCKOp9HHSI paCCM8TpHB8IOTCSI OTJJ.enbHO. 

1. B3aHMoneAcTaue ycKopeHHbiX qacTHu c MHW9HbiO npu 'ecTecTaeHHoM" c~opaquaaHHH 

nocne npe1Cp81.1..l9HHSI yCKOp9HHSI HnH nocne BbiXOJJ.8 .'18CTHU H3 o6naCTH cpa30BOA YCTOA'IHBOCTH 
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HX 3Hepi'HSI He H3MeHS!eTCSI, H 'iBCTHUbl CB0p8'1HB8IOTCSI B H3MeHSIIO!UeMCSI MBI'HHTHOM none HB 

MHIUeHh, B LlBnbHeilweM 3TOT npouecc Mbi 6yLleM HMeHOBBTb Lln l1 KpBTKOCTH " ecTeCTBeHHbiM• 

I 
CBOpB'iHBBHHeM, npu "ecTeCTBeHH OM" CBOpB'iHBBHHH 'iBC THU, JCKOpeHHhlX B CHHXpo¢a30TpOHe 

LlO KOHe'!HOH 3Hepi'HH, HX Mr'HOBeHHBSI op6HTB npu6m!>KBeTCSI K MHWeHH CO CKOpOCTbiO a , paB:

-3 
HOi! 1,8 X 10 CM/ci6opoT. 0TKnOHeHHe 'iBCTHUbl OT Mr'HOBeHHOi! op6HTbl H3-38 CB060LlllbiX pa-

LlHBnbHbiX KOne6BHHH LlnSI JCKOpHTe nSI C npS!MOnHHei!HbiMH llpOMe>KyTKBMH, HCXOLlSI H3 ypaBHeHHi!, 

/4/ /5/ 
nony'ieHHbiX B pa6oTe , MO>KHO 3B llHCBTb B BHLle 

X = A ( ()) cos [ 11 m + ( ( e) + a ] . ( I ) 

3LleCb () - 83HMJTBnbHBH K OOpLlH HBTB, H3MeHHIO!UB SICSI D .UBHHOM CeKTOpe OT 0 LlO ()m 1 r'Lle 

() m- yrnOBOil paCTBOp CeKTOpa; 11 - xapaKTe pHCTH'i eCKHii llOKB3BTenb, . onpeL!enS!eMbiH COOTHO-

weHHeM: 

cos 11 cos ( ~ • .!!_ ) - £ .JT.::n sin (JT.:::rl. _!!... ) • 
, 2 2R 2 ( 2 ) 

B ypaBHeHHH (2) R - pBLlHYC Mr'HOBeHHOi! op6HTbl, n - llOK83BTenb MBr'HHTHOr'O nonS!, e - LlnH" 

ua npHMOnHHeli:HOI'O npoMe>K yTKa, BenH'iHHbi A ( ()) H ( ( ()) HBnHIOTCH Lieli:CTBHTen bHbiMH nepHo-

LlH'!eCKHMH ¢YHKUHSIMH () a - HeKoTopaH HB'ianbHBSI ¢aaa Kone6auuil. 

/6/ 
B pa6oTe noKaaaHo, 'iTO LlnH CHHxpo¢aaoTpoHa Ha 10 63B, xopowo BbmonHHeTcH cooT-

HOWeHHe 

11m+((())= XQ 1 (3) 

rLie X= J 1- n ( 1 + _e_ ), Q = s · 1(1 I s- T eKywaH LlnHHa BL!Onh MrHoBeHHo li: 

"R n ( 1 + 1J" ·' 
op6HTbl, C 

yqeTOM 3THX COOTH OWeHHi! ypBBHeHHe ( 1) MO>KHO 38llHCBTb B BHpe 

x = A cos (X Q + a ) . (4) 

JlnH HBI'nHLlHOCTH npH pBCCMOTpeHHH COJLlBpeHiiSI ny'!KB C MH WeHbiO Mbl 6yLleM llOnb30B8TbCSIJ 

HeCyiUeCTBeHHO yMeHbWBSI TO'iHOCTb peaynbTBTOB, ¢opMynoil: (4), Hac 6yLleT HHTepeCOBBTb 

OTKnOHeHHe OT Mr'HOBeHHOli: op6HTbl HB OL!HOM H TOM >Ke 83HMyTe, ll09 TOMJ A MO>KHO C'IH-

TBTb BenH'iHHOil: nOCTOSIHHOil:, 

Hai!LleM rny6HHY aa6poca B HanpasneHHH pBLlHyC a HB MHWeHb LlnH 'iBCTHUhl C BMnnHTy

LlOli: CB060L1Hb!X pBLlHBnbHbiX KOne6BHHH A , HBXOLlHIUeli:CSI HB B3HMyTe MHWe.HH B npOH3BOnb

HOi! ¢aae a , JlnSI OtJpeL!eneHHOCTH 6yL!eM C'iHTBTb, 'iTO MHWeHb pacnono>KeHa HB pBL!Hyce, 

MeHbWeM '!eM ueHTpBnbHbiH 1 H ee p83Mep no BepTHKBnH npeBbiWBeT BepTHKBnbHbiH pa3Mep nyq

KB, CoBepWHB k 060p0TOB 'iBCTHUB 6yLleT HBXOLlHTbCSI OT MHWeHH no pBLlHJCJ HB HeKOTOpOM 

pBCCTOSIHHHH p , KOTOpoe onpeL!enS!eTCSI CO OTH OWeHHeM 

p = A [cos (x2rrk +a)+ 1]-ak, 
(5) 

rLle k OTC'iHTbiBBeTCSI OT MOMeHTB, KOr'LlB 'IBCTHUB C a = TT nOLlOHLleT BnnOTHJIO K MHWe-

HH , 

nonBLlBHHe 'iBCTHUbl HB MHWeHb npOH30i!LleT B TOM cnyqae, eCnH HB 060pOTe HOMepa k 

BblllOnHHTCSI ycnOBHe p < 0 • Vf3 BblpB>KeHHSI (5) BHLlHO, 'iTO LlnS! KB>KLlOI'O HOMepa k cy-

!UeCTByeT o6nBCTb HB'iBnbHblX ¢aa, KOTOpBS! y LlOBneTBOpS!eT ycnOBHIO nonBL!BHHSI HB MHWeHb 

HB 3TOM o6opoTe . He3BBHCHMO OT BMnnHTJLlbl A , KB>KLlOMY o6opoTy k COOTBeTCTByeT Ha-

qanbHBSI ¢aaa a lr , LlnSI KOTOpOi! BbinOnHS!eTCH paBeHCTBO 1 + COS (2rrkx + air)= 0 , Jlm1 

4 



I ' 

::noll: <Pa3bi Ha o6opoTe KoMepa 

6onbwel!: semPIHHhi 

K 386poe Ha MHWfjHb B HanpasneHHH p8L1Hyea- LlOeTHraeT HaH-

pm=- ak. 

Pa3JIO)KHM (5) B p51JJ. T el!:n opa B OKp eeTH oeTH ak 

2 
p = A !l /2 - ak 

( 6) 

(7) 

Bbipa)K8HH8 ( 7') onp8Ll811518T rny6HHY sa6poea Ha M HW8Hb Ll1151 qaeTRU e Ha'!aJibHOl!: <Jlasol!: , OTJIR-

a k Ha B 8 1IH'IHHY fl << 1 • 0TeiOLla MO)KHO onp8Ll81IHTb rpaHHUbl nono e bJ <Jlas , no-

nai:J.aiOWHX Ha MHW8Hb Ha o6opOTe K 

( 8) 

KaK eJieLl yeT HS ( 8), nonoea TeM y x<e, '18M 60JibJ,ll8 aMnJIHTY Lla KOne6aHRl!: H '18M M8HbWe paLlR-

aJibHa51 eKOpOeTb eM8W8HR51 MrHOB8HH''I!: op6HTbl • .[ln51 R111IIOeTpauHH Ha pRe. npHB8Ll8H rpa<JlRK , 

noKaSbJBaiO lUHl!: rny6HHY paLlHaJibHOrO s a6poea Ha MHW8Hb, paenOJI Q)K8 HHYIO B o6naeTH n =0 ,65 , 

Ll1151 paSJIH'IHbiX H8'1aJibHbiX <Jlas npH aMn1IHTY L18 paLlHaJibHbiX KOJie6aHHl!: 1 CM B enyqae "eeTeeT

B8HHOro" eBOpa'IRBaHH51, UH<Jlpbl, yK8SaHHbJ8 Ha KpRB biX , 060SHa'!aiOT HOMep o6opoTa, Ha KOTOpOM 

npOHeXOLlRT nonaLlaHHe Ha MHW8Hb, 4aeTb KpHBbiX,HS06pa)KeHHa51 nyHKTRpOM, eOO TB8 T e TByeT o6-

naeTH <Pas, nonasw e l!: Ha MHW8Hb Ha npeLl~ILlYWRX o6op o Tax . 

V!enOJib3y51 rpa<JlRK ( pHe. 1), MO)!{HO o npeL181IRTb <JlyHKUHIO p aenp8Ll8118HH51 'IBeTHU no rny

6HHe MRweHH B HanpasneHHH p aLlRyea F (p) = flN 
!lp 

Ha rny6HH8 p 

0,01 

Q05 

QOJ 

o,or 

0,01 

21 

n 
11 I I. 
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23 
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I I 
I I 
I I 
I I 
I I 

121 · 
1\1 

I 
I 

• 
6 

PRe·, 1. rny6HHa paLlHaJi b HOrO sa6poea Ha MHW8Hb Ll1151 qaeTHU e p aSJIH'IHblMH Ha'!aJibHbiMH <Jlasa

MH eB06QLtHblX paLlHaJibHbiX KOJie6aHHl!: R A = 1 eM B enyqae " e eTee TB8HHOro" esopaqlf

BaHH51 nyqKa. UH<Jl p bl eOOTBeTe;rByiOT HOMepy o6opOT8, Ha KOTOpOM npoHeXOLl HT nonaaa

HH8 .Ha MHW8Hb, 
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npe~,lle 'I eM Bbl'IHCJil'ITb SeJIH'IHHy /),. N , OITpeaeJIHM 'IHCJIO "'SCTHU /),. n , . ITOIT 8.1l810 lllHX S HHTep-

san /),. p _ Ha 060pOTe k , LIHCJIO 'ISCTHU, ITOITS,IlBIOlllHX S HHTepsaJI OT p ao p + dp , oiTpe-

,ll9115feTCfl COOTHOllleHHeM 

dn = N f_(p) dp (9) 

3aecb f ( p) - cpyHKqHfl paCITpeaeJieHHfl ITO rny6HHe MHUieHH .llllSI 'ISCTHU, ITOIT8,1l8IOlllHX Ha Hee Ha 

aaHHOM o6opoTe k ; ·N - cyMMapHoe 'IHcno 'ISCTHU. C apyroA CT<(POHbi, ITpeaiTonaraSI pac iTpeae-

!l1T 
neHHe 'ISCTHU ITO cpa38M paSHOMepHbl M H C'IHT8SI 1 'ITO N = f Const • d a = 1 

0 
1 MO)KHO 38ITHC8Tb 

M3 COITOCTSSJieHHSI (9) H (10) cneayeT 

dn Ida! 
2;-

f(p)= _l_,~,. 
2" dp 

( 10) 

( 11 ) 

noacTaSJISisf s ( 11) 3H8'1eHHe - d~a I OITpeaeneHHOe H3 ( 7) I H Y'IHThlSSSI .llSy3H8'1HOCTb 8TOA 

cpyHKUHH 1 IT01ly"'HM 

f( p) = 2 
2rry2li{p+aTf ( 12) 

TeiTepb MO)KHO Sbl'IHCJIHTb 'IHCJIO 'ISCTHU, ITOITSSUIHX S HHTepsan /),. p Ha o6opOTe k 

/).n 

p+ /).p I 

f f( p) dp 
p .

--L.fyp +&p +ak-...;r;+ali ) 
rr y 2 A" 

(13) 

npOH3Se,llSI CYMMHpOSSHHe ITO SCeM 060pOT8M 1 HS KOTOpb!X ITpOHCXO.IlHT ITOIT8,1l8HHe 'ISCTHU C SM-

ITJIHTy .!lOA A Ha MHUieH&, ITony'IHM: 

!).N =~I (y p + !). p + ak -y;;-+ak). 
rr v 2A 1r 

Jlng Sbi"!HcneHHfl F(p) yao6Ho shr6paTb HHTepsan /).p = a , Toraa 

F(p) = 2 I ( y p/a + l+k -vPla -fl k). 
rr\12A·iJ.'Ir 

( 14) 

(15) 

npH Sbl'IHCJieHHH F ( p) ITo cpopMyne ( 15) Heo6xoaHMO ITOJib30SaTbCH rpacpHKOM, ITP.Il06HhiM 

H306pa)KeHHOMY Ha pHC, 11 KOTOpbiA IT03SOJISieT OITpeaenHTb , ITpOHCXO.IlHT JIH H S .llBHHOM o6opoTe 

k ITOIT8,1l8HHe "'SCTHU S HHTepsan /).p = B 1 paCITOJI O)KeHHhiA HS rny6HHe p , B '18CTHOCTH 1 cne-

ayeT y'leCTb1 ITOIT8,1l810T JIH S &TOT HHTepsaJI ITOJIHOCTbiO o6e seTSH ·cpyHKUHH ( 7), Ha pHC, 2 

ITOK838Hbl ITOJiy'leHHbie TSKHM o6p830M cpyHKUHH. paCITpe,lleJieHHH F ( p) ITO rny6HHe MHUieHH S 

H8ITp8S1leHHH p8.1lHYC8 .llllSI 'ISCTHU C p831IH"HbiMH SMITJIHTy ,ll8MH CS060.IlHhiX p8.1lH81lbHb!X KOJie6a

HHA ,llllfl n = 0,66. BHOH0 1 "'TO rny6HH8 386poca HS. MHUieHb CHllbHO 38SHCHT OT 8MIT1IHTY .llbl 

Kone6aHHA A , JleACTSHTeJibHO, KSK cneayeT H3 cpopMyllhl ( 8 ), IT p H 3 8.1l8HHOA CKOpOCTH B 1 yse-

JIH'IeHHe A ITpHSO.IlHT K yMeHbUieHHIO 'IHCJia 'i8CTHU 1 coyaapHIOlllHXCSI C MHUieHbiO Ha K8)K,Il0M 

I 
o6opoTe, Pac'leT ITOKS3brsaeT, "'TO ecnH npH A ,. 1 eM ITOITaaaaHe apex qacTHU Ha MHUieHb, pac-

ITOJIO)KeHHYIO S o6naCTH . n ,.0,66 1 ITpOHCXO,IlHT 38 28 o6opOTOS 1 TO ITpH A = 6 CM 'IHCJIO OQO

pOTOS yseJIH'IHsaeTCSI .llO 82 , 

JlpyrHM cpaKTOpOM 1 OITpeaeirHIOlllHM rny6HHY 386poca Ha MHUieHb 1 SISJISieTCSI seJIH'IHHS n , 

npH Sb!SO,Ile ITy'IKOS MHUieHH 06bi"'HO paCITOJiaraiOTCH. S o6naCTH MarHHTHOro ITOllfl CHHXpocpa3o-

TpOH8, rae n H3MeHHeTCH oT 0,6 ao 0, 75, Ha pHc. 3 ITOK a 3aHhi cpyHKUHH paciTpepelieHHH .an.s~ 
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I 

F(p) 

-o,oe -oo~ 
' 

PH c. 2. cf>yHKUHH pacnpeaeneHHSI no rny6HHe MHWeHH LlllS! qacTHU c pa31IH'l:HbiMH aMnllHTY aaMH 
CB060.llHbiX paaHallbHbiX K01le6aHHll: B cnyqae "eCTeCTBeHHOrO" CBOpa'l:HBaHHSI npH n ,. 0,66, 

F(9) 
r-------.-------.-------~ 

n= o,s3s 
a,s +-t-------+----+--------1 

-0,02 -o,oll -o,o& P• cr'l 
PH c. 3. cf>yHKUHH pacnpeaeneHHSI no rny6HHe MHWeHH anSI qacTHU c aMnllHTY aoll: cso60.llHbix 

paaHallbHbiX xone6aHHll: 2 eM npH paanH'l:HbiX n B cnyqae "ecTeCTBeHHoro" csopaqHsa-
HHSI. 
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. 'IBCTHU C A '"2 CM, nona.QBIOUIHX H8 MHWeH.b npH p83/lH'IHbiX n , l-13MeHeHHe rny6HHbl 386poca 

.0/IH p83Hb!X 3H8'1eHHA n 06bHCHHeTCH H3MeHeHHeM COOTHOWeHHH Me)!{.ny 'l8CTOTOA o6pameHH:H 

H 'l8CTOTOA CB060.QHbiX pa.QH 8/lbHbiX KOne6aHHl!, n pe.nCT8BJIHeT HHTepec cnyqaA n =0,635, Kor.na 

nepH:O.Q pa.nHBnbHbiX KOJie6aHHll COCTBBJIHeT 1,5 o6opOT8, B 3TOM cnyqae 'l8CTHU8 B03BpawaeTCH 

Ha 83HMyT MH:WeHH B Toll )!{e <Pa3e qepe3 3 o6opoTa. no <PopMynaM (7) H (8) nerKo onpe.nenHTb1 

'ITO rny6HH8 386poca HB MHWeHb 6y .neT COCTBBJIHTb .3 a 

171 
KaK noKa3aHo a pa6oTe , ycKopeHHHA B C1iHXpo<J>a3oTpoHe Ha 10 6aB ny'loK co.nep)!{~T 

'IBCTHUbl C 8MnllHTy.naMH pa.nH:BilbHbiX KOJie6aHH:A OT 0 .no 7 CM; pa.nH,8/lbHbiA pa36poc M!'HOBeH-

HJ>IX op6HT K KOHUY ycKopeHHH COCT8BJIHeT ±_ 2 CM, Ha p!iC . 4 nOK838HO cyMM8pHoe pacnpe.ne-

neHHe 'IBCTHU no rny6HHe MHWeHH 1 pacnOJIO)!{eHHOA B o6naCTH n =0,66, npH *ecTeCTBeHHOM .. 

cBopa'IHBBHHH Ha Hee ycKopeHHoro ny.'IKa. KpHBaH pH:c, 4 nony'leHa 'IH:CneHHbiM H:HTerpHpOBBHHeM 

C y'leTOM <J>yHKUHAF(p).OilH p83/lH'lHbiX BMnJIHTy.n pa.nHB/lbHbiX KOne68HHA· 1i pacnpe.neneHHH '18CTHU 

171 
no BMnJIHTy.naM CB060.QHbiX pa.nHB/lbHbiX KOJie68HiiA, npH:Be.neHHO!'O B pa6oTe , Pacnpe.neneHHe 

'l8CTHU no 8MnllHTy .Q8M CB06 0 .QHbiX p8.QH8/lbHbiX KOJie68HHH MO)!{HO C'IHTBTb O.QiiHBKOBbiM .QJIH BCeX 

M!'HOBeHHbiX op6H:T, noaTOMy npH coy.napeHH:H C MHWeHbiO '18CTHU 1 KOJie6JIJOUIHXCH OKO/IO p83Hb!X 

M!'HOBeHHbiX op6HT 1 X8p8KTep pacnpe.neneHHH nO rny6HHe MHWeHH no.no6eH H306pa)!{eHHOMy HB 

p!iC, 4, 

'j 

0,5 +·---~-------i-------i 

-0,02 - 0,0~ -0,06 p, c:l"' 

PHC. 4, 0THOCHTeJibHOe pacnpe.neneHHe HHTeHCHBHOCTH / '18CTHU no MHWeHH 

B H8np8B/leHHH pa.nHyCa B cnyqae .. ecTeCTBeHHO!'O* CB0p8'1HB8HHH 

yCKOpeHHO!'O ny'IKB npH n =0,66, 

,UnH aKcnepHMeHTanbHOA npoBepKH nony'leHHbiX pe3ynbTaToB BHYTPH KaMepbi ycKopHTeng 

6blll8 o6nyqeHa MHWeHb H3 nJIBTHHbl, nocne BbiK/liO'IeHHH yCKOpH!Ollle!'O Hanpg)!{eHHH ny'IOK CBO

p8'IHB8JICH H8 MHWeHb, pacnOJIO)!{eHHYIO HB pa.nHyce, MeHbWeM '!eM UeHTp81lbHbiA B o6naCTH 1 

8 
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r .ae n 0,6~. T0111JlHH8 MHWeHH B . Han paBneHHH ny'IK8 COCT8Bmma 7 CM , n09TOMy 

'18CTHU8 nocne e,llHHH'IHOro npOXQ)K,lleHHSI 386paCbiBBnaCb Ha CTeHKy K8Mepb!, 4T06bi 

H36e)K8Tb npOXO)K,lleHHSI HenonHOlt TOnWHHbl MHW9HH , OHa BhiCTBBnSinaCb no K8C8T9nb

HOlt K p8BHOB.9CHOlt Op6HT9 C TO'IHOCTb!O .llO 10'. Yron HBKnOHa K paBHOBeCHOlt ·op6HT9 onpe.ae-

nSinCSI C nOMOWb!O <}:lOT09MynbCHH 0 yKpenneHHOlt H8 MHWeHH B,llOnb HanpaBneHHSI .llBH)K9HHSI ny'IK8 

napannenbHO ee nnocKOCTH, o6pameHHolt K ueHTpanbHOMY pa.auycy CHHxpo¢a3oTpoHa. no BepTu

Kanu pa3Me p Muweau npeBhrwan pa3Mep nyqKa. P erucTpauuSI rny6HHhi 3a6poca npOH3BO.llHnacb 

C nO M Oillb!O <}:loT09MynbCHH 0 npHKpenneHHOlt K MHWeHH B nnOCKOCTH, nepneH,llHKynSipHOlt .llBH)Ke

HHIO ny'IKB • . YI3M9p9HHSI nOK838nH, 'ITO 386pOC Ha MHW9Hb B pa.aHanbHOM HanpaBneHHH COCTaBnSI

eT oKono 0,5 MM. Cono_cTaBneHHe :;noro pe3ynbTaTa c KpHBOlt puc . 4 noK83hiBaeT, 'ITO pacqeT 

XOpOWO 0Tp8)1{8e1' HCTHHHYIO KapTHHY. 

T~KHM o6pa30M 1 npH •ecTeCTB9HHOM• CBOp8'1HB8HHH yCKOpeHHhlX '18CTHU Ha MHW9Hb 0 Bep

THKBnbHbilt p83M9p KOTOpbil\ npeBbiWBeT p83 Mep ny'IK8 no B9pTHK8nH 0 rny6HH8 386poca COCTaB

nSieT ,llOnH MM. npu OrpaHH'ieHHOM no Bb!COTe p83Mepe MHW9HH B9pOSITHOCTb COy ,ll8p9HHSI 'IBCTH

Uhl C He!\ yMeH bW89 TCSI 0 H pa.auanbHbllt 386pOC M0)1{9T 3H8'iHT9nbHO B03p8CTH. 

3. 838HMO,llel\CTBHe 'i8C THU C MHW9Hb!O B npouecce yCKopeHHSI 

Bb!BO.ll nyqKa Ha MHWeHb B npouecce yCKOpeHHSI npOH3BO.llHTCSI nu6o 38 C'I9T CM91ll9HHSI 

paBHOBeCHOlt Op6HTbl B CTOpOHY MHWeHH nyTeM H3M9HeHHSI '18CTOTbl yCKOpSIIOillero HanpSI)K9HHSI 0 

nH60 38 C'le T C03.ll8HHSI HapaCTBIOillero BO Bp9M9HH HCK8)1{9HHSI <}:lopMbl paBHOB9CHOI\ op6HTbi 0 

npH KOTOpOM ny'IOK H8 83HMyTe MHW9HH CMemaeTCSI B ee CTOpOHy. 8 060HX cnyqagx CKOpOCTb 

CMeW9HHSI p8BHOBeCHOll: op6HTbl B HBnpaBneHHH pa.auyca B Bhl6Hp89TCSI T8KO!t, 'IT06hl o6ecne-

'IHTb Hy)KHQe BpeMSI coy.aapeHHSI ny'IK8 C MHWeHbiO, 

npu 8H8nH3e B38HMO,llel\CTBHSI '18CTHU ' C MHW8Hb!O B npouecce ycKopeHHSI He06XO.llHMO KpO

Me cBo6o.aHhiX pa.auanbHbiX Kone6aHult y'IHThiBBTb pa.auanbHo-¢a3oBoe .llBH)K e aue qacTuu. B pa-

17/ 
60Te nOK838H0 1 'ITO <}:la30B8SI npOTSI)KeHHOCTb cryCTK8 B KOHUe yCK Op8HHSI B CHHXpO<}:l830Tpo-

H8 Ha 10 Baa COCTaBnSieT OKOnO 130 O • nosTOMy npH paCCMOTpeHHH pa.auanbHO-<}:la30BOro .llBH

)1{9HHSI MO)KHQ nonb30B8TbCSI peweHHeM nHHe8pH30B8HHOrO <}:l830BOrO ypaBHeHHSI B BH,lle: 

r = D cos (0 t + o ) . (16) 

3.aec b B H 0 -COOTBeTCTB 8HHO aMnnHTy,lla H '18CTOTa pa.auanbHO-<}:l830BbiX KOne6aHHlt, 0 

H8KOTOpaSI H8'18nbH8SI <}:l838 1 - Bp9MSI, nepeXO.llSI OT Bp9M8HH K 'IHCny 060pOTOB k H npu-

3 
HHM8SI BO BHHM8HHe, 'ITO ,llnSI CHHXpO<}:l830TpOH8 H8 10 6SB B KOHU9 yCKOpeHHSI 0 =4,7•10 pa.aJ:eK, 

a nepHO.ll o6pameHHSI '18CTHU COCTa BnSieT 0,7 MKC8K 1 38nHW9M ( 16) B BH.ll9: 

r = D cos ( 3,3 · 10- 3 k + o ) . (17) 

4aCTHU8 C aMnnHTy .llOlt CB060.llHbiX KOne68HHll: A u aMnnuTy .aolt pa.auanbHo-¢a30BhiX 

KOne6aHHlt B 1 COBepWHBW8SI k o6opOTOB 1 6y.aeT H8XO,llHTbCSI OT MHW9HH no pa.auycy Ha 

paCCTOSIHHH 

-s 
p = A[cos(x2rrk+ a) + l]+ B[cos(3,3·10 k+o)+l]-ak. 

( 18) 

npOH3BO.llHTCSI OT k = 0 1 npH KOTOpOM '18CTHUS C a = rT H 0 = 1T n O.llOlt,lleT 

' 
BnnOTHYIO K MHWeHK ( p = 0) • 4aOTHUhl C npOH3BOnbHOI\ HaqanbHOlt <}:la30l\ Ha'IHYT nona-
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,ll8Tb H8 MIU119Hb npH k = ko • nocKOnbKY BC9r'.ll8 H8lt,lleTCH T8KOe 3H8'ieHHe a 0 , .OnH KOTOpo-

1'0 H8 3TOM o6opOTe BbiUOnHHeTCH ycnOBHe 

cos(x2rrk
0 

+a)+ 1 = 0 (19) 

3H8'1eHHe k 0 onpe.oenHeTCH cne.oyiOWHM Tp8HCUeH,lleHTHbiM yp8BHeHHeM 

B[cos(3,3·10- 3k
0

+o) +1]- ak
0

== o. (20) 

B o6weM cnyqae 3H8'ieHHe k 0 , onpe.oeneHHoe H3 ( 20), MO)f(eT oKaaaTbCH HeuenbiM, Tor .a a 

.llnH '18CTHU C H8'18nbHOlt tP830lt 8 , y.oo6HO paCCM8TpHB8Tb npouecc coy.oapeHHH C MHWeHbiO, 

H8'1HH8H c 6nH)f(aawero uenoro HOMepa k0 , 6onbwero k 0 • Bae.oeM k .. }. 
0 

+ 71 H aanHweM ( 1 8) 

B BH,lle; 

J;'.lle y"' 2rrxk0 + a 

tP830BhlX KOne68HHlt H8 

nopa B OKpeCTHOCTH {:3 

3.oecb 

p == A[1 + cos(2rr.X1'1+ y)] + B[1+cos(3,3·10-:t1'1+{:3)]-a(lc
0

+71) 1 

( 21) 
-s-

H {:3 = 3,3 • 10 k 0+8 - COOTBeTCTBeHHO tP83bl CB060.llHbiX H p8,llH8nbHO-

k0 -o-M o6opoTe. Paano)f(HM BTOpoa qneH ypaaHeHHH (21) B pH.o Tea

Tor.oa (21) aanHweTcH: 

p "'A[1 +cos (2rrx: 71 + y)]+ c + b 71 • (22) 

b -= a + B • .3;3 • 10 - 3 sin {:3 
(23) 

c = B ( 1 + cos {:3) - B k 0 

(24) 

BenH'IHHa b 03H8'18eT ¢aKTH'IecKyiO CKOpOCT b .llBH)f(eHHH MrHoaeHHoA op6HTbl .onH '18CTHU bi c 

HaqanbHoa ¢aaoa 8 npH no.oxo.oe ee K MHWeHH. BenH'IHHa c COOTBeTCTByeT M8KCHM8nb-

HOMY 386pocy H8 MHWeHb '18CTHU C tP830lt 8 Ha o6opoTe k 
0 

B ypaaHeHHH ( 23) Mbi npeHe6pernH KB8.llp8TH'IHbiM qneHOM. 3THM Mbi HeCKOnbKO 38BbiCHnH 

CKOpOCTb CMeWeHHH Op6HTbl ,llnH '18CTHU, UOU8,ll8IOWHX H8 MHWeHb npH M8nbiX 3H8'1eHHHX sin {:3 

nocKOnbKY B ,ll8nbHeltWeM H8C 6y.OeT HHTepeCOB8Tb M8KCHM8nbHbilt 386poc H8 MHWeHb, 8 cne.oo-

B8TenbHO , M8KCHM8nbHble BenH'IHHbl b , COOTBeTCTBYIOWHe 60nbWHM sin {:3 , T8KOe ,llOUyWeHHe 

.onH H8WHX uenea HBnHeTcH anonHe npHeMneMbiM. 

YpaaHeHHe (22) no.oo6Ho ypaaHeHHIO (5), noaToMy MexaHH3M coy.oapeHHH '18CTHU c MHwe

HbiO B npouecce ycKopeHHH T8KOlt )f(e , K8K npH •ecTeCTBeHHOM
6 

CBOp8'1HB8HHH. !ny6HH8 386pOC8 

H8 MHWeHb Onpe.oenHeTCH BenH'IHHOlt n , 8MnnHTy.llOlt CB060,llHbiX p8.llH8nbHbiX KOne6aHHlt H 

CKOpOCTbiO CMeWeHHH Mr'HOBeHHOlt op6HTbl. Pa3HHU8 COCTOHT B TOM, 'ITO H3-38 p8.llH8nbHO-¢aao

BOI'O .llBH)f(eHHH CKOpOCTb CMeWeHHH Mr'HOBeHHOlt op6HTbl npH U O,llXO,lle '18CTHU K MHWeHH MO.tKeT 

B03p8CT8Tb HnH yMeHblll8TbCH B 38BHCHMOCTH OT 3H8'1eHHH H8'18nbHOlt tP83bl 8 H 8MUnHTy ,llbl 

p8,llH8nbH0-¢830BbiX KOne68HHlt B • npH paanH'IHblX CKOpOCTHX B p8,llH8nbHO-¢aaoaoe .llBH)f(e-

HHe 6y.oeT B p83HOlt CTeneHH BnHHTb H8 npouecc B38HMO,lleltCTBHH yCKOpeHHOI'O ny'IK8 C MHWeHbiO. 

PaccMoTpHM no.opo6Hee K8K npoHCXO.llHT coy .oapeHHe ny'IK8 c MHWI;!HbiO npH paanH'IHbiX aHa'leHH

Hx CKOpOCTH B , H8H6onee HHTepeCHb!X .llnH np8KTHKH. 

1) nony'leHHe p8CTHHYTbiX BO BpeMeHH HMnynbCOB BTOpH'IHbiX '18CTHU .llnHTenbHOCTbiO 

~ 200 MCeK OCyWeCTBnHeTCH nyTeM CMeWeHHH p8BHOBeCHOlt op6HTbl CO CKOpOCTbiO B , npH6nH3H

-5 
TenbHO p8BHOlt 3,5 • }0 CM/o6opoT. PacqeT, npOH3Be,lleHHbllt no tPOpMynaM ( 19) H (23), UOK83bl-
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BaeT, 'iTO B 9TO M cnyqae .anSI 'laCTHU C pa3.nH'lHb!MH B. H 0 senH'lHHa CKOpOCTH CMemeHHSI 

-5 . -3 
~rHOBeHHOit op6HTb! b H3MeHSieTCSI OT 3,5• 10 CM /o6 opOT .no 1, 7 • 10 CMf 060pOT, HaH60nb-

UiaSI BenHqHHa b COOTBeTCTBye T 'iaCTIIUaM C MaKCHM anbHOit aMnnHTy.noA pa£J.HanbHo-cpa30Bb!X ,.-

Kone6aHHA, HaHMeHbUiaSI - pasHoBeCHbiM qac_TIIUaM , TaKHM o6pa3oM, rrpH Manhrx 8 n pouecc 

COy .napeHHSI q.aCTHU C MHUieHb!O OITpe.nenSiet'CSI B OCHOBHOM pa.nllanbHO-cpa30Bb!M .nBII)!(!i!HlleM, 

nocKOnbKY M8KCHManbHaH CKOpOCTb CMeUieHHSI MrHOBeHHOit op6HTbl rrp116nli3HTenbHO TaKaS! )!(e 1 

KaK IIpH "ecTeCTBeHHOM" Bb!BO.ne, HaH60nbUiaSI rny6HHa 3a6poca B 060IIX cnyqaSIX 6y.neT o.nliHa

KOBa, O .nHaKo pacrrpe.nene.Hlle qacTHU no rny6H He MHUieHH .anSI Bbrso.na B rrpouecce ycKo p eHHSI 6y· 

.neT OTnH'laTbCSI OT H306pa)!(eHHO!'O Ha p11C, 4 , TaK K aK C KOpOCTH 

op6H T pa3nH 'lHb!, 

b y pa3Hb!X MrHOBeHHb!X 

2) np11 CKOpOCTSIX 8 • paBH b!X npH6nH3HTenbHO 1,4•10 -
2 

CM / 060p0T 1 Coy .napeHI{e nyqKa 

C MHufe.Hb!O npOHC.XO,nHT B T e'ieHHe 5"0 MKCeK, 

Ha pH C. 5: noKa3aHbi cPYHK UHH pacnpe.neneHHSI qacTHU F ( p) no rny~HHe MHUieHH.o pacnono-

)!(eHHOI% B o 6naCTH n =0,66, .anSI MaKCHManbHOA aMnnHTy.nhr pa.nH a nbHo-cpa30BbiX r< one6aHHA, 

- o.~ -0.3 p, CM 

PHc. 5. ¢lyHKUHH pacnpe.neneHH SI HHTeHCHBHOCTH no rny6HHe MHUieHH 

B cnyqae Bbrso.na nyqKa Ha MHUieKb B npouecce ycKopeHHSI .anSI 

qacTHU c aMnnHTy.noA cso6o.nHhiX pa.nHanbHbiX Kone6aHHA A =-7cM 

H. aMn."lfTy.noA pa.nHanbHo-cpa30BbiX Kone6aHHA B =2 CM npH pa3-

nH'lHbiX 3HaqeHHSIX HaqanbHbiX cpS3 pa.nHanbHo-cpa30Bb!X KOne6aHHa<. 

pasHoA 2 cM, H pa3nH'lHbiX 3HaqeHHA Ha'ianbHbiX cpa3 8 • ¢lyHKUHH F ( p) onpe.neneHbr 

H3 ypasHeHHSI (22) TaK )!(e 1 KaK B pa306paHHOM Bb!Uie cnyqae "ecTeCTBeHH~ro" CBOpa'iHBaHHSI, 
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: 

VIs pHc. 5 cnenyeT, 'ITO panHanbHo-cpasosoe nBH)KeHHe cyruecTBeHHbiM o6pasoM BllHS!eT Ha pac- • 

npeneneHHe qacTHU no rny6HHe MHweHH, H MaKCHManbHBH rny6HHa sa6poca saBHCHT o-i sHa'ieHHH 

H8'181lbHOA cp83hl 8 

3) npH O'ieHb 60ilbWHX CKOpOCTSIX a , KOI"t:\8 ny'IOK nonaaaeT H8 MHWeHb B Te'ieHHe He

CKOilbKHX, necSITKOB o6opO T OB , panHBilbHO- cp830BOe ABH)KeHHe MO)KHO He J'iHTbiB8Tb, rny6HH8 

3a6poca Ha MHWeHb OnHCbiB8eTCSI B 3TOM Cnyqae ypaBHeHHeM ( 5) . Ha pH C. 6 nOK838Hbl Bbl'iH

ClleHHbie no STOlt cpOpMyne KpHBbie 3a6poca H8 MHWeHb AilS! 'i8CTHU C p831lH'iHblMH 8MnllHTJA8MH 

CB060AHhlX KOne6aHHlt npH a =0,7 cM/o6opoT. KaK cneayeT H3 pHc. 6 , rny6HHa 3a6poca, a 

- 9,cM 

5 

s 
Lj ~ ' 5 

5 \ 3 t~ '\ 
lj 

3 
--.... 

2 

a 

PHC , 6. rny6HH8 p8AH81lbHOI"O 3a6poca Ha MHWeHb B 38BHCHMOCTH OT H8'i81lbHbiX cpa3 H 

aMnllHTYA CB060AHbiX KOne6aHHA npH 6onbWHX CKOpOCTSIX CMerueHHSI ny'iK8, CnnOWHbie 

nHHHH c ooTBeTCTByiOT A ~1 CM, nyHKTHpHbie A = 2 CM, UHcppaMH o6o3HB'ieH Ho

Mep o6opOTa, H8 KOTOpOIOI npOHCX OAHT nonanaHHe H8 MHWeHb, 

OTIIH'IHe OT cnyqaes, paCCMOTpeHHbiX paHee , ):l0CTH!"8eT HeCKOilbKHX CM , nocKOilbKy Ha npBKTHKe 

'i8CTO npHXOAHTCSI OI"p8HH'iHB8Tb panH81lbHbllt p83Mep MHWeHH , B03HHK8eT onaCHOCTb, 'ITO npH 

60ilbWHX a 'iBCTb 'i8CTHU npOM8X HeTCSI MHMO Hee. KaK nOK83biB8eT pac'ieT, npH a =0, 7 CM/o6opOT 

H p8AH81lbHOM p83Mepe MHWe HH 1 CM .OKOIIO 20% 'i8CTHU C 60ilbWHMH 8MnllHTynaMH paAH81lbHbiX 

KOne6aHHlt He nonat:~yT H8 MHWeHb, npH t:l81lbHeltweM COKparueHHH p8AH8llbHbiX p83MepOB BepOSIT

HOCTb o6xona 3H8'iHTenbHO B03pacTae T H acpcpeKTHBHOCTb coy napeHHH nyqKa c MHweHbiO yMeHb

waeTcSI . C APYI"Olt CTOpOHbi , B03p8CTaeT nnHTellbHOCTb COyaapeHHSI ny'iK8 C MHWeHbiO, 0TCIO):l8 

BHAHO , 'iTO npH MBilbiX p a3Me p ax MHWeHH 6ecCMbicneHHO aenaTb O'ieHb 6onbWHe CKOpoCTH . a 

KaK cneayeT H3 pacqeToB, npoH3BeaeHHbiX no cpopMyne ( 5), npi{ panHBilbHOM p83Mepe MH-

WeHelt, MeHbWeM 1 CM, cyrueCTBye T OnTHM81lbH8SI CKOpOCTb a 1 npH KOTOpolt ny'iOK nOIIHOCTbiO 

nonaaaeT H8 MHWeHb 38 MHHHM81lbHOe 'iHCIIO 060pOTOB, npH pacnOIIO)KeHHH MHWeHelt B ofsnaCTH 

M81"HHTHOI"O nOIIH , rne n H3MeHSieTCSI OT 0,6 no 0 , 75, 'iHCileHHOe 3H8'ieHHe BellH'iHHbl a non)!{· 

HO 6hlTb npH61lH3HTellbHO B 15 pa3 MeHbWe p83Mepa MHWeHH no paAHycy . ECIIH OAHOBpeMeHHO 

C p8llH81lbHblM Ol"p8HH'ieH BepT HK81lbHbilt p 83Mep MHWeHH, H8 BellH'iHHy 

eu.te 6onee )KeCTKHe orpaHH'ieHHH. 

12 
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- 4. YcTpai ieHHe Bl!HHHHR n epa<ocoa MHWeHII O THOC IITenbHO paBHoaecHoll: op611Tbl . 

8 bJ W e 6blll0 nOK838HO, 'iTO .llllH TOllCTbiX MIIWe Hell: np11 M8llb1X C KOpOCTRX CMeweHHH MrHo

BeHHOH op611Tbl rny611H8 3 86poca COCT8Bl!HeT .ll Ollll. MM. Ecnll p83Mep MIIWeHII B Hanpaane HHH .llBII-

>Kt!H HSI ny'lK8 .llOCT8TO'lHO aen iiK 1 BCer.ll 8 HMeeT MeCTO HeKOTOpblll: n e p eKOC MIIW e HH OTHOCHTellbHO 

p 8B HOBeCHO ll: Op6HTbl. 3TH .llB8 o6C T051Te llbCTB8 MOryT npiiBeCTII K TOMY, 'iTO 'i8CTb 'i8CTIIU npoll:

a e T HenOllHYIO TOlllllHHY MHWeHH 1 II 3cpcpeKTH BHOCTb B3811MO.ll e i%CTBHH ny'lK8 C MHW e Hb!O yMe Hb

WHTCH. np11 , pacnOl!O>Ke HiiH MI!WeHH H8 p8.llHyce M.e H bW e M, '!e M UeHTp8llbHbl ll:, BlliiSlHIIe nepeKOC<Oa 

MO>KHO ycTp8 HHTb 1 eCl!H K Kp810 MIIWeHII npHKpenHTb llll8CTHHKY 11 3 n e rKOrO Bewe CTB8 ( B .ll8llb

H e iiWeM HM eHyeMy!O ucpll8)!{K0M" ), B ~!CTynB!OlllYIO n o p8.llHYCY 38 MIIWeHb no HanpaBl!eHHIO K nyq

K y . B 3 TOM cnyqae q acTI!ua n pe>K.lle q eM nonacTb Ha MI!WeHb B38H MO.lle ll:cTayeT c "cj:lna)!{KOM". 

npH K8>K.ll0M npOXO)!{.lleHHII "cj:lna)!{Ka " 'i8CTHU8 . T e psr.eT 3Hepr1110 ('.. E H e e MrHOBeHH8SI op611T8 

np1!6RI!)!{ 8eTCH K MI!WeHI! no p8.lliiYCY •• .:1 paCCT ORHH e fl p 1 o npe .llellHe Moe COOTHOWeHIIeM: 

R·t!.E 
(25) (J~n){3 2 E 

3.ll eCb R - p8.llHYC MrHOBeHHOll: o p6HTb l 1 {3 - OTHOWeHHe C K Op OC TII 'l8CTHUbl K CKOp OC TII CB e T a , 

E- nonHaR aHeprHSI qac TIIUbi . 

Ecna nepe.ll n e pB biM npoXO)!{Jl e HH eM paccTOHHH e OT MrHOBeHHOll: o p6HTb i .llO "cj:lna)!{ Ka u 

c o cTaanRno S 0 , T O nocne N -ro npo xO)!{.lleHI!Sl OHO coKpaTIITCH .llO S N = S0- N tl p. 3a6poc Ha 

"cj:lna)!{oK" noc n e N -ro npoXO)!{.lleHIIH Bbipa)!{aeT C H cj:lopMynoll: 

(26) 

r.lle k - 'lHCllO 060pOTOB 1 KOT OpOe 'l8CTHU8 COB e pwaeT B npoMe )!{yTKe Me)!{.lly npOX0)!{JleHI!SlMH 0 

AN H aN- COOTBeTCTBeH HO 8Mnll11TY.ll8 H cp838 C B060.llHblX p8.llH8llbHbiX KOn e6aHHll: n ocn e N -ro 

npOXO)!{.lleHIISI, KOTOp b!e Onpe.llel! SI IOTCSI B e l!H'iHHO ll: SN 1 yrllOM MH Or OK p 8THOrO pacceSI HHSI BO ucplla>K 

Ke" y II 386pOCOM H8 "cpll8)!{0K" nepe.ll 3 THM npOXO)!{.lleHIIeM 

t g a N = .!!.J:.n_ 
X. SN (27) 

nocne N -ro npOXO)!{.lleHHH "cj:lna)!{Ka" 'lBCTHUbl HMeiOT pa36poc n o yrnaM tl y H Bb!XO.ll51T C 

pa~llll'lHOll: rny611Hbi YN 3To npii BO.llHT K T O My , 'ITO npH ( N + 1 ) -oM npoXO)!{.lleHHII qacTHUbi 

nona.llaiOT B HeKoTopyiO o6nacTb tlyN no rny6HHe "cj:lna)!{Ka". Pa.llHBllbHbl ll: pa3M e p "cj:lna)!{Ka" 

.llOll)!{eH npeBbllll8Tb Bel!H'lll HY fl Y N 1 He38B,HCHMO OT HOMepa N 

C yaenll'ieHIIeM 'iiiCna npoXO)!{.lleHHll: aMnnHTY .lla AN yMeHblllaeTcR, TaK KBK MrHoBeHHaH 

op611Ta npH6l!ll)!{8eTC51 K MHllleHH. CnycTH N 0 
npoxO)!{.lleHIIll:, paBHo e S

0 
/ tl p, oHa no.llOA.lleT 

annoTHYIO K "cj:lna)!{Ky". TonwHHa "cj:lna)!{Ka " Bbi6wpaeTc51 TaK o ll:, 'lT06bi nocne cne.llyiOwero npo

XO)!{.lleHIIH 'iBCTIIUa non ana Henocpe.llCTBeHHO Ha MHllleHb. Bll.llOII3Me HHB 38nHcb ypaaHeHHH ( 4), 

npOH3Be.lleM OUeHKy M8KCIIM8llbHOll: rny6HH b! 386poca 'l8CTIIU H8 MllllleHb t II p8.ll118llbHOrO pa3 -

Mepa ny'!K8 H8 MHllleHII fl t • HeTpy .llHO nOH51Tb, 'ITO M8KCHM8llbHbiA 3 86poc H8 MHllleHb 6y .lleT 

y 'l8CTIIU, BbllleT810llliiX B6llH 3 H K!18Sl "cpll8)!{K8" H IIMe!OlllHX H8H60llblllllll: yron pacce51HII51 y m 

ec~m 11x MrHoBeHHBH op611Ta no.llolllna annOTHYIO K "cj:lna)!{Ky". Tor.lla .llll51 r 

cne.llyiOlllHe Bbipa)!{eHIIH: 

r = tlp cos2rrx + .Bx..m. sin 2rrx 
X 
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H tl r nony'liiM 

(28) 



I:!. r = I:!. yN Cos 2rrx + I:!. YNo· R sin 2 rr x • 
o · X 

(29) 

0TC'IeT t a.neCb npOH3BO.nHTCSI OT KpaSI "<Pna:»<Ka". Y,Ja ( 29) cne.nyeT, 'ITO LWSI yMeHbllleHHS 

paaMepa nyqKa Ha MHllleHH "<Pna:»<OK' BbirO.aHee .aenaTb H3 MaTepHana C He6onblllHM aTOMHblM 

HOMepOM, TaK KaK npH TOnWHHe, o6ecne'IHBa10Well: Heo6xo.nHMblll: C·Ka'IOK /1). p 0 B cnyqa e nerKO-:" 

ro sewecTBa MHoroKpaTHoe pacceSIHHe 6y .neT .aeli:CTBOBaTb cna6ee. 

Ha pac. 7 npHBe?eHbl KpHBbie OTHOCHTenbHOrO pacnpe.aeneHHSI HHTeHCHBHOCTH B Hanpasne

HHH pa.nHyca no '<Pna:»<Ky·" H MHllleHH, nonyqeHHbie 9KcnepHMeHTanbHO. YiGMepeHHe pacnpe.aener: 

HHSI HHTeHCHBHOCTH npOH3BO.nHnOCb nH60 C ITOMOlllbiO cPOT09MynbCHH 1 npHKpenneHHOll: K MHllleHH B 
11 

nnOCKOCTH, nepneH.nHKynSipHOll: .nBH:>Ke_HHIO ny'IKa, nH60 nyTeM H3Mep0 HHSI KOiH!'IeCTBa SI.nep C , 
12 11 . 

o6paaosaHHbiX s Tonme MHlllelllf B peaynbTaTe peaKUHH C (p, pn ) C • B nocne.aHeM cny-

qae MHllleHb Ha6apanacb H3 TOHKHX nonocoK nonHCTHpona c Tep<PeHHnOM, npHneraiOWHX .npyr K 

.npyry B HanpaBneHHH pa.nHyca. YiaMepeHHe HaBe.aeHHOll: aKTKBHOCTH B Ka:»<.aoll: nonOCKe npOH3B0"" 
/8/ 

.aHnocb c noMOWbiO MeTo.nKKH, onacaHHOll: B pa6oTe • PeaynbTaTbr, nonyqeHHbre TeM H .apyrHM 

cnoco6aMH, xopolllo cosnanH. Via pHc. 7 BH.aHo, 'ITO npa ysenH'IeHHH TOnWHHbi '<Pna:»<Ka: (oT 1 MM 

.no 1,5 MM) , rny6HHa aa6poca Ha Hero yMeHblllaeTCSI, Ho soapacTaeT rny6HHa aa6poca a pas-

!1 

0,5 

2 6 8 10 12 ~~ 16 l8 20 22 't, MM 

PHc. 7. KpKBbre OTHOCHTenbHOro pacnpe.neneHHSI HHTeHCKBHOCTK l no MHllleHH 
B HanpasneHHH pa.nayca B 3aBHCHMOCTH OT TOnlllHHbl "<Pna:»<Ka'. TonlllHHa 
yKa3aHa Ha pacyHKe UHcPpaMK. 0TC'IeT t npOK3BO.nHTCSI OT KpaSI 'cPll8:lKKa' • 
nyHKTHpHoll: nHHHell: o6oaHa'leHa rpaHHUa "<Pna:»<Ka". MaTepaan "<Pna:»<Ka" -
aniOMHHHll:. 

Mep ny'IK,a Ha MHllleHH. C .npyroll: CTOp0Hbl 1 npH Manoll: TOni.LHHe '<Pna:»<Ka' (0,8 MM) aa6pOC Ha 

MHllleHb HaCTon·bKO Man, 'ITO 60nblllaSI 'laCTb 'laCTHU nona.aaeT 6nH3KO K ee Kpa!O. 3TK qacTHUbl 

npoxo.nSIT HenonHyiO TOnWHHY MHllleHH, H qaCTb H3 HHX BHOBb B03apawaeTCSI Ha MHllleHb. 8 pe

aynbTaTe, aa-aa 9HepreTK'IeCKoro H yrnos oro paa6poca 9THX qacTKU, paaMep ny'IKS Ha MHllleHK 

CHnbHO B03paCTaeT. 3KcnepHMeHTanbHbie KpHBbie XOpOlllO Cornacy!OTCSI C 'IHCneHHb!MK pacqeTaMH, 
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• npOH3BeLleHHblMH no cpopMynaM (26)- (29), npH 3TOM npeanonaranOCb 0 'ITO '18CTHU8 1 npowea

WSH •cpnamolt•, OTK.'IOHHeTCH aa yron, paBHbilt cpeaHeMy yrny MHoroxpaTaoro pacceHHHH; OnTH

Man&HaH TOnUlHH8 •cpnamxoa• 1 npHMeHHeMbiX B CHHXpOcp830TpOHe HS 10 S ·aa, COCTaBnHeT 
2 

0,3-0,4 r/ CM amoMHHHH HnH yrnepoaa. Pa3Mep •cpnamKa• no paaHyCy ae npeabtwaeT o6bJ'IHO 

4 MM. Taxolt pa3Mep 3HS'IHTenbHO 6on&we rny6HHbi 3a6poca aa •cpnamox• H no3aonHeT 

ycTpaHHTb anHHHHe nepexoca MHWeHH a aecxonbKO rpaaycoa, 'ITO anonae npHeuneMo anH npax

TH'!ecxHx uenelt. :YaenH'IeHHe paaHan&aoro pa3Mepa •cpnamKa• aemenaTen&ao, Tax xaK 9TO npH

BOLlHT K He06XOLlHMOCTH yaenH'IHBaTb ero TOnUlHHy, 

npH pacnonomeHHH TOnCTbiX MHWeHelt Ha BHeWHeM paLlHyCe npHMeHHTb •cpna~xH• Heue

necoo6pa3HO. 0aHaKO B 9TOM cnyqae '!aCTHUa, npoweawag He6onbWYJO TOnlllHHY MHWeHH, _Mo

meT npOB3aHMOLleltCTBOBaTb C Helt MHOroxpaTHO, dTO npHBOLlHT x ' yaenH'IeHRID scpcpeKTKBHOCTH 

B3aHMOLleltCTBHH nyqxa C MHWeHbJO, 

B 3aKnJO'IeHHe aaTop nonb3yeTCSI cnyqaeM, 'IT06bi Bbipa3HTb rny6oxy10 6naroaapaOCTb 

A.E.Ky3aeuoay -H H.E.Py6HHY 3a oqea& none3HbJe o6cymaeHHH, a TaKme B.A.HHKHTHHY H 

B.A. CaHpHaoay, coaMeOTHO c KOTOpbiMH 6binH BbmonaeHbi aeKOTOpbie H3 ynoMHHSBWH~CH a 

CT8Tbe 9KCnepHMeHTOB. 
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