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06bi'IHbiA npHeM, KOTOpblll npHMeHReTCSI B CHHXpO<j:>830TpOH8X ,anSI ocymeCTBneHH.II MHOro-

Kp8TH0f'O npOXO)I{.UeHHSI yCKOpeHHbiX "18CTHU "!epe3 TOHKHe MHWeHH, COCTOHT B TOM, "'TO ny'IOK 

"'BCTHU B npouecce ycKopeHHH nepeMew8eTcR K Kparo p86o'leA o6n8CTH H nona.aaeT H8 pacnono-

/1,2/ 
)l{eHHyro T8M <Ponbry • TonmHH8 <j:>onbrH Bbi6Hp8eTcR T8KOA, 'IT06bl '18CTHU8 npH e.aHHH'IHOM 

npOXO)I{.UeHHH ee TOnWHHbl TepRn8 9HeprHID 3H8"1HTenbHO MeHbWyiD, 'leM npHpOCT 9HeprHH 38 o6o

pOT. Tor.a8 38 C"'eT .aeAcTBHR 8BTo<j:>83HpOBKH OH8 y.aep)I{HB8eTCSI B o6n8CTH <Pa3oaoA ycTOA'IHBoc

TH H, npo.aon)I{8SI yCKOpSITbCSI, MHOI'0Kp8THO npOXO.UHT TOnmHHY <j:>Onbf'H. B CHHXpO<j:>830TpOHe H8 

10 Es& yK838HHOe ycnOBHe BblnOnHReTCSI npH TOnmHHe <j:>OnbrH B HeCKOnbKO MHKpOH, n09TOMy .Un.ll 

TOI'O, 'IT06bl npOITH 6onbWYID cyMM8pHyiD TOnmHHY seweCTB8, '18CTHU8 .UOn)I{H8 B38HMO.UeftC'l'BO

B8Tb C <j:>onbroA .UnHTenbHOe speMR. B CHny 9TOro, Ll8HHbll MeTOLl MO)I{HO npHMeH.IITb TOnbKO npH 

npoae,aeHHH 9KCnepHMeHTOB, B KOTOpb!X He H8Kn8.UbiB8eTC.II OI'p8HH'IeHHA H8 aenH'IHHy p836pOC8 

BTOpH"'HblX "18CTHU no HMnynbC8M. Ho Ll8)1{e H npH .UnHTenbHOM B38HMO.UeftCTBHH CYMM8pH8SI TOn-

2 
WHHa aewecTBa, npoxo.aHM8SI 'ISCTHueA, He npe&biW8eT 1-2 r/cM • T8K, H8npHMep, no .U8HHbiM 

/3/ 
p860Tbl , npH o6ny"'eHHH nneHKH (CH2 ) n TOnWHHOA 2 MK B Te'leHHe 0,2 CeK a<t>4>eKTHBH8SI 

TOnWHH8, npoA.aeHH8SI K8)1{LlOA "18CTHUeA, COCT8BHn8 - 1,5 CM. YsenH'IeHHe TOnWHHbl <j:>onbrH 

npHBOLlHT K HHTeHCHBHOA p8CK8"1Ke <j:>830Bb1X KOne68HHlt H 6biCTpOMy BbiXOLly '18CTHil H3 o6n8CTH 

<j:>830BOA yCTOft'IHBOCTH, "'TO CHH)I{8eT a<j:><j:>eKTHBHOCTb COy.U8peHHSI ny'IK8 C MHWeHbiD, 

B H8CT0Sill.{eA CT8Tbe 6y.aeT p8CCMOTpeH .apyroA cnoco6, n03BOnSIIDll.{HI ocymeCTBHTb MHQ

I'OKp8THOe npOXO)I{.UeHHe '18CTHU '!epe3 TOHKHe MHWeHH 38 6onee KOpOTKOe BpeMSI, A a<j:><j:>eKTHBH8SI 

cyMMapaaH TOnWHHa aewecT&8, npoxo.aHM8R "'SCTHueA, MO)I{eT .aocTHr8Tb - 20 rlcM
2. B 9TOM 

cny'l8e BbiBOLl ny"'K8 H8 MHWeHb npOH3BOLlHTCSI 38 C'leT ., eCTeCTBeHHOI'O., CB0p8"1HB8HHSI ny'IK8 

nocne npeKp8WeHHR ycKopeHHH. ToHK8H MHWeHb p8cnonar8eTcH y H8PY)I{HOro KP8H p86oqeA 

o6n8CTH, noaTOMY BbiKniD'IeHHe ycKOpSIIDWero nonS! npOH3BOLlHTCSI nocne HH&epTHp088HH.II npH 

cna,aaromeM M8f'HHTHOM none. Pa.UHYCbl MI'HOBeHHblX Op6HT, OKOnO KOTOpb!X CO&epW8IDTCSI CB06o,a

Hble p8.UH8nbHble KOne68HHSI, npH 9TOM B03p8CT8IDT, H ny'IOK CMell.{8e!CSI B CTOpOHy MHWeHH CO 

-3 
CKOpOCTbiD v , COCT8BnSIIDWeA - 1,8 . 10 CMI o6opoT. 4aCTHU8 C 8MOnHTy.UOI CB060.UHbiX 

KOne68HHA 8 nepBbiA pa3 COy,aapHTCSI C MHWeHbiD, KOI'Ll8 Mf'HOBeHH8.11 op6HT8 npH6nH3HTCSI K Heft 

H8 paCCTOSIHH2 S 0 ~ a ·. nocne npOXO)I{.UeHH.II TOnWHHbl MHWeHH ( T ) '18CTHU8 TepHeT H8 HOHH-

38UHID 9HeprH•0 ~ E , B pe3ynbT8Te "'ero p8.aHyc ee MrHoseHHoA op6HTbl yMeHbWHTCH Ha aenH-

"'HHY j. P , onpe.aenS!eMyiD COOTHOWeHHeM 

~P"" R ~ E 
(1-n)f:j~E /1/ 

r.ae R pa,aHyC Mf'HOBeHHOA op6HTbl, 

E nonHaSI 3HeprHH "18CTHU, 

n noKa3aTenb M8f'HHTHoro nonH, 

{3 OTHOWeHHe CKOpOCTH "18CTHllbl K CKOpOCTH CBeT8. 

Cne.ayrowee coy .aapeHHe c MHWeHbiD npOH3oA.aeT cnycTH k o6opoTOB, Kor .U8 rpa3a cao6o.a

HbiX Kone68HHA CT8HeT 6naronpHHTHOA ,anSI 0008Ll8HHH H8 MHWeHb. 38 3TO BpeMH Mf'HOBeHH8H op-

6HT8 BHOBb npH6nH3HTCSI K MHWeHH H8 BenH"'HHY vk PaccTOHHHe OT MrHoaeHHOA op6HTbl .ao 

MHWeHH nocne npOXO)I{.UeHHSI HOMepa m Bblp83HTCH COOTHOWeHHeM: 

m-1 
sm = s 0 + m ~ p- v l: k; • 

i = 1 

3 
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4HCI10 o60p0TOB ki , KOTOpoe 'ISCTHUS COBepwaeT B npOMe)!{yTKe M9)!{.lly i H i + J npOXO)!{.lle-

• K 6 141 
HHeM 6y.lleT HaMeHSITbCSI npH HaMeHeHHH HOMepa l • SK blllO noKaaaHO B pa60Te , npH .llSH-

HOI CKOpOCTH CMeLUeHHSI MrHOBeHHOA op6HTbl OHO onpe.llellSieTCSI aMnllHTYLlOA H cPS30A CB060.llHbiX 

p8.llH81lbHbiX KOne6aHHlL nocne.llHHe, B CBOIO O'!epe.llb, aaBHCSIT OT yrna MHOrOKpaTHOrO paCCeSIHHSI 

'l8CTHU B MHWeHH. 

Via ypaaHeHHSI /2/ cne.llyeT, '!TC' '!Keno npoxo)!{.lleHHA qepea MHweHb, KOTOpoe coaep waeT 

'l8CTHU81 aaBHCHT OT COOTHOWeHHSI Me)!{.lly aenH'lHH8MH f'..p H vk; , npH 6onbWOA TOilWHHe 

MRWeHH f'..p » V k; , nOSTOMy C yaenH'IeHHeM 'lHCI18 npOXO)!{.lleHHA MrHOBeHHSSI op6HT8 y Ll811HeT-

CH OT MHWeHH H, H8KOHeU, Bblft.lleT aa npe.llellbl pa6oqeft o6naCTH, r.lle 'lSCTHUa 6y.lleT noTepSIHS. 

EcnH MaweHb pacnono)!{eHa Ha paccToSIHHH ft.. R OT BHyTpeHHero Kpa9 pu60'lelt o6naCTH, TO 

'lHCilO. npOXO)!{.lleHHft, KOTOpoe MO)!{eT COBepWHTb 'l8CTHU8, paBHO: 

m= ft..R- So 

!'!..p /3/ 

Vfa cPOpMyll /1/ H /3/ cne.llyeT, 'ITO B STOM cnyqae CYMM8pH8SI TOillUHH8 BeLUeCTB8, rrpOXO.llHM8SI 

'l8CTHUel, He 6y.lleT 38BHCeTb OT TOillUHHbl MHilleHH: 

3.llec·b 

R dE 
c = ([X 

( 1 -n){3 2 E 

dE I dx 

mr= ft..R-s., 
---c-

- BellH'lHH8 noCTOSIHH8SI, 

- y .llellbHbie noTe pH H8 HOHHaaUHIO. 

/4/ 

npH yMeHbllleHHH TOilWHJibl MHWeHH BellH'lHH8 CMeLUeHHSI MrHOBeHHOft op6HTbl no HanpBBileHHIO 

K MHWeHH B npoMe)!{yTKe Me)!{.lly COCe.llHHMH npOXO)!{.lleHHSIMH v k; ) CT8HOBHTCSI COHaMe-

pHMOIJ C ft.. p • 3TO npenSITCTByeT YXO.ll.Y MrHOBeHHOft Op6HTbl BOBHyTpb. 3 peayllbT8Te 'lHCilO 

npOXO)!{.!leHHft '!epea MHWeHb B03p8CT8eT. 0HO .llOCTHrHeT MSKCHM811bHOft BellHli,.j~Hbl npH HeKOTOpoA 

TOillllHHe: KOr.lla m ft.. p npH611H3HTellbHO ypasHoBeWHBaeTcH aenH'lHHOlt v ;!'
1 

k; • B 3TOM 

cnyqae 'l8CTHU8 6y .!leT Ba8HMO.lleftCTBOB8Tb C MHWeHbiO LlO TeX nop, noKa H3-38 yBellH'IeHHSI aM

nllHTYLlbl p8.llH811bHbiX KOne6aHHA OHa COY.llSpHTCSI CO CTeHKOft KaMepbl HllH C K8KHM-HH6y.llb .llpyrHM 

npenSITCTBHeM. 0.llH8KO npH Ll811bHeftllleM yMeHbWeHHH TOillUHHbl MHWeHH, KOr.lla vk; » f'..p 

MrHOBeHH89 Op6HT8 6y.lleT CMelUSTbCSI B CTOpOHy MHWeHH H 'lHCilO npOXO)!{.lleHHA BHOBb COKp8THT -

CSI. -

3Ha'!eHHe onTHMAilbHOA TOilWHHbi onpe.llensnoc b SKcnepHMeHTallbHO. DnH aToro o6paaubi 

pa311H'lHOft TOilWHHbl, p83MepOM 15 CM no BbiCOTe H 3 CM no p8.llHYCY, H3rOTOBileHHble H3 nnaCTMac

COBOrO.CUHHTHilllSITOpa H8 OCHOBe nOI1HCTHp0118, 06ny'l811HCb BHyTpH BSKyyMHOft KSMepbl CHHXpoct>a-

30TpOHa. Do 06ny'leHHSI 06paaeu HSXO.llHilCSI BHe pa6oqeft 0611aCTH y Hapy)!{HOA CTeHKH K8Mepbl. 

3a 50 MCeK .llO OKOH'!SHHSI yCKOpeHHSI OH C nOMOlllbiO nHeBMSTH'leCKOrO npH~O.lla BBO.llHilCSI B pa6o

qyiO 0611SCTb H noMeLUSilCSI Ha paCCTOSIHHH 10 C~l OT UeHTp811bHOft op6HTbl, nocne npeKpaLUeHHSI 

ycKopeHHSI rry'IOK caopa'!HBancs K aapy)!{HOMY Kparo pa6o'leA o6naCTH H nona.llan aa o6paaeu. 

BpeMSI saaHMO.lleAcTBHSI ny'!Ka c MHWeHbiO onpe.llensnocb c noMOWbiO cPOTOYMHO)!{HTens, pacnono

)!{eHHoro HanpoTHB o6nyqaeMoro o6paaua. CaeTosoA cHraan, B03HHKSIOWHA npH 6oM6ap.llHpOBKe 

/5/ 
o6paaua '!SCTHUSMH. nepe.ll8B811C9 Ha KSTO.ll cPOTOyMHO)!{HTeng C llOMOWbiO onTH'IeCKOA CHCTeMbl ~ 

V!MnyllbC C cPOTOYMHO)!{HTellSI cPOTOrpacl>HpOB811C9 HS 3KpaHe OCUHilllOrpacPa. nocne o6ny'leHHH 

/6/ 
o6paaeu H3BileKallC9 Ha BSKYYMHOA KaMepbl, H C nOMOlllbiO MeTO.llHKH, OllHCSHHOlt B pa6oTe , H3-

12 11 
Mep91BCb {3 -aKTHBHOCTb, HaBe.lleHH89 B HeM B peayllbTSTe peaKUHH C (Po pn) C , no SKTHB-
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i 
HOCTH R (t) , H3MepeHHOA cnyCTSI 8peMSI DOCJie KOHU8 o6nylfeHHSI, 8bllfKCJISIJIOCb acp<f:JeKTK8HOe 

qacno npoxo>K.lleHHA qepe3 o6pa3eu, KOTopoe co8epwaeT K8:>K.ll8SI qacTaua: 

r.lle 

m 
R ( t) 

/5/ 

p 2 
- lfHCJIO 8TOM08 yrnepO.ll8 H8 C~1 8 oGny•IaeMOM 06paaue, 

U 8eJIHlfHH8 CelfeHHSI peSKUHH npH 3HeprHH o6nylfeHHSI, 

A DOCTOSIHH8SI p8CD8.ll8, 

ell; lfHCJIO lf8CTHU, 001!88WHX H8 MHWeHb 8 i -TOM HMnyn&ee ( ecnK o6nyqeHHe npOH380-

.llHJ10Cb HeCKOJlbKHMH HMD)'JlbC8MH), 

t i - 8peMSI OT OKOHlf8HHSI i -ro HMD)'JlbC8 .llO H8lf8Jl8 H3MepeHHSI 8KTH8HOCTH • 

i-1HTeHCH8HOCTb )'CKOpHeM&IX lf8CTHU cllj onpe.lleJISIJI8Cb DO DOK838HHSIM CHrHSJibHblX 3JleKTpO.llOB. 

m 

600 

20 

', 
' 2 ',~ . ....._ __________ ...~:~ 

fO 

200 

2 5 t .... 
PHc. 1. 3a8HCHMOCTb cpe.llHero lfHcna npoxo>K.lleHHA (xpH88H 1) H a<P<f:JexTH8HOA cyMMapKoA 

TOJIWHHbl 8eWeCT88, npOA.lleHHOA lf8CTHUell ( XPH88SI 2), OT TOJIWHK&I MHWeKH, 

Peayn&TaTbl H3MepeHHA npH8e.lleHbl Ha pRe. 1. KpH8aR 1 noxaa&IaaeT 38BHCHMcicTb scp<f:JexTRB

Horo lfHCJI8 npOXO>K.lleHHA OT TQn!UHHbl MHWeHH. C yMeHbWeHHeM TOJIWRHbl lfHCJIO npOXO>K.lleHHI 

y8eJIHlfH8aeTCH H .llOCTHraeT HSH60nbWeA aenHlfHHbl npH ToniUHHe 0,005 - 0,01 r/cM
2. CooTaeT

CT8eHHO .llJlHTeJibHOCTb B38HMO.lleACTBHSI nylfK8 C MKWeHbiO 803p8CT8eT OT 4,5 MCeK npH 0,5 r/cM
2 

.llO 7,5 MCeK DpH 0,005 r/ CM
2

, 3<P<f:JeKTHBH8SI C)'MM8pH8SI TOJIWHH8 88IUeCTB8, DpoXO.llH!\-1811 '18CTH-
2 . ' 

ueA, npH TOJIWHH8X C8b1We 0,2 r/CM CJI860 38BHCHT OT TQnWHHbl MRWeHR (xpKB811 2 ), Ha-

R60Jib!U8R BeJIHlfHH8 .llOCTHraeTCSI npR TOJI!UHH8X 0,03 - 0,05 r.CM
2 

H COCT8BJISieT 15-16 r/cM
2• 

0DbiTHbiM nyTeM HCCJie.llOB8Jl8Cb T8K>Ke rny6HH8 386poca lf8CTHU H8 MH!UeHb H pacnpe.lleJI8KH8 

lf8CTHU H8 MHWeHH DO aepTHK8JIH, V13M8peHHSI DpOBO.llHJIHCb C. DOMOWbiO ClfeTlfHK8 reftrepa-MIOJIJiepa, 

5 



PBc. 2. 

P~c. 3. 

i 

0,2 ,.,, 

0,5 

iD 20 30 R, "" 

0THOCBTenbHoe pacnpe~eneHRe RHTeHCHBHOCTR ~8CTRU DO rny6RHe MRWeHH npH 
paanR~HOI TonWBHe MRWeHR. 

_, 
-10 -20 -10 0 tO "' 50 Ito 

l,lfl'l 

0THOCHTenbHOe pacnpeDeneHHe HHTeHCHBHOCTH ~SCTHU B HanpaaneHHH BepTHKBnbHOrO 
p83Mepa MHWeHH npH pa3nH'IHOit TOnWHHe MHWeHH. 
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ITOM9lU9HHOrO BHyTpH KOHT91Hepa H3 CBHHU8. 8 aepxHel CTeHKe KOHTeftHepa HM9.118Cb wenb 

TOJllUHHOit 1 MM. AKTHBRpOB8HHblll o6paaeu nepeM91U8.11CSI B H8Ilp8BJ19HHH, nepneH.LlRKynHpHOM wenR, 

C HHT9pB8.110M 2 MM. 8 K8)K.LlOM 'fi0J10)K9HHH H3MepS1.118Cb CKOpOCTb C'l9T8 H 'IHCJJO <!JOHOBbiX, 

OTC'l9TOB B MHH. HaMepeHHSI npOBO.LlHJJHCb B H8Dp8BJ19HHH p8.LlH8.1lbHOro H B9pTHK8.1lbHOrO paa

Mepa o6paaua. 

PeaynbT8Tbl noKaaaHbl Ha pHc. 2 H pHc. 3. BH.LlHO, 'ITO rny6HHa aa6poca cHnbHO soapacTaeT npH 

YM9HbW9HRH TOJJlUHHbl MHW9HH. Pacnpe.Lle.119HH9 '18CTHU B B9pTHK8.1lbHOM HanpasneHHR B MeHbWell 

CTeneHH 38BHCHT OT TOJllUHHbl MHWeHH, H, fiQ-BH.LlHMOMy, 0Dpe.Ll9.11H9TCSI CyMMapHOit TOJJWHHOI! 

B91U9CTB8, npOI.LleHHOI '18CTHUel. 

llony'leHHble pe3yJJbT8Tbl fi03BOJJHIOT Bb16p8Tb H906XO.LlHMYIO TOJllUHHy MHW9HH B COOTB9T

CTBHH C ycnOBHHMH 9KCnepRM9HT8. LJ.ns .LlOCTH)K9HHSI M8KCHM8.1lbHOft HHT9HCHBHOCTH ny'IKOB BTo

pR'IHbiX '18CTHU TOJJWHH8 MHW9HH .Ll0J1)KH8 6b1Tb 6JJH3Ka K ODTHM8.1lbHOI!. 3aMeTHM, 'ITO B9.11H'IHH8 

OITTHM8.1lbHOft TOJllUHHbl 6y.LleT 38BHCeTb OT nepTHK8.1lbHbiX p83MepOB MHW9HH. EcnH MHWeHb 

MeHbWe, '!eM p83Mep ny'IK8 no BepTHK8.11H, BepOHTHOCTb COy.LlapeHHH '18CTHI1 C Heft yMeHbW89TCSI H 

cpe.LlHee 'IHCJJO o6opOTOB M9)K.Lly COC9.LlHHMH npOXO)K.Ll9HHSIMH 6y.LleT 6onbWe. ll09TOMy B9.11H'IHH8 

OfiTHMBnbHOil BeJJH'IHHbl MHW9HH B03p8CTaeT. 

B Tex cnyqaSix, KOr.Lla pewa10wee aHa'leHRe HMeeT Manas rny6HHa aa6poca HJJH ManaH 

.Ll.11HTe.1lbHOCb B38HMO.LlellcTBHSI '18CTRU C MHW9Hbl0, CJJe.L:tyeT Bbi6HpaTb 60.1lbWYIO TOJllUHHy MHW9HH. 
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