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© 1975 06T>eOUHeHHI>IU UHCIIIUIIIYIII JIOepHI>IX UCCAe006QHUU )1y6Ha 

B npe.IJ.W.IJ.Yuteii pa6oTe asTopos I 1 I ua ocuosauaa ,IJ.auuwx 
3KcnepaMeHTa 6wno awcKa3ano npe,IJ.nono>Kenae o cyutecT
aeuuoii pona KynouoscKoro C.IJ.BHra 6eTaTpouuwx Kone6auaii 
B IIOJIBneHHB 6wcTpWX pe30HaHCHWX DOTepb 'laCTHU B CHHXpO
cim3oTpoue. C y'leTOM cneuaf)aKB ycKopaTenH 6wna pa3BHTbl 
auanaTB'IeCKHe npe,IJ.cTaanenaH o ,IJ.HHaMH'IeCKOM Kynouos
cKoM C,IJ.BBre Kone6aHBB, KOTOpble B ,IJ.aHHOH pa6oTe HCDOnb-
3YIOTCJI ,IJ.nJI BbiJICHeHHJI DpOHCXO>K,IJ.eHHJI 3THX DOTepb H 060C
HOBaHHJI MeTO,IJ.OB 6opb6bl C HHMH. 

1. ,l{uazpaMMI>I pe30HUHC06 U t~ac•o• KOAe6aHUU ny'lKQ 

PaCCMOTpHM CBTyaUBIO Ha .,IJ.BarpaMMe 'laC TOT ,IJ.nJI KOHK
peTHbiX napaMeTpoB ycKopaTenH. Ha puc. 1 noKa3ana pa6o
'laJI OKpy>KHOCTb CBHXpOcim3oTpOHa 1} + ~'i = 1, )P, H pe-
30HaHCHble nHHBB B OKpeCTHOCTH TO'IKB n = 0 ,65, BDnOTb ,IJ.O 
pe3onaucos 'leTsepToro nopJI,IJ.Ka BKnJO'IBTenbHO /noKa3aH 
TaK>Ke uaa6onee 6nB3KBii pe3onauc 5- ro nopJI,IJ.Ka/. 

Pa60'IYIO TO'IKY B MOMeHT f)opMBpOBaHBJI cryCTKa ua 
op6aTe ( t = 0) Bbi'IBCnBM cornacuo /1/ a /2/ B3 It/* ,IJ.nH 

cne,IJ.yJOutBX napaMeTpos: 

2L = 200 CM 
2h = 40 eM: 

f3o= 0,2; 
n = 0,65; 

H = 2800 CM; 
a0 = 40 eM; 

bo= 10 CM; 

\riP = ±O. 75~; 
8 = 0,35. 

"' HyMepaUBJI f)opMyn e,IJ.BHaH ,IJ.nJI: 1 1 
a ,IJ.anuoii pa6oTbl. 
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Dpa BW'IBCJieHBJIX /HanoMHBM, 'ITO cornacHo onpe~ene
HBIO pa601fei TO'IKB C~BBr 'laCTOT BW'IBCJIJieTCJI ~JIJI UeHTpa 
ny'IKa/ y'ITeM B3MeHeHae Ko34lcllauaeHTOB { 1 a { 2 
cornacHo /10/ a TO o6cTOJITeJI.&CTBO, 'ITO B{:l2 y 2 « 1: 

Av,"!N ~ -0 ,79-10-14( I - 0 ,5) ~- 0 ,4· 10 - 14, ~ 

tlvz01N "'-0,18-10-13 ( 1+ 0,13)=-0,2·10- 13
. 

/21/ 

,lJ;JIJI 'IBCJia 'laCTBU, 3aXBa1feHHWX B pe)I(BM YCKOpeHBJI 
npa t = 0, paBHoro N = 3.1012, nony11aeu Ha'laJibHWi c~sar 
~JI ueHTpan.&Hoi o6nacTB ny11xa: 

tlvrO = _ 

tlv: = _ 

-2 
1,2· 10 ' ! /22/ 
6· 10-2. 

Dpaueu ~JI pacnpe~eneHBJI nnoTHOCTB B nonepe'IHOM 
Ce'leHBB HeKOTOPYIO cpe~HIOIO MO~eJib Me~y paCCMOTpeH· 
HWMB B:WWe pacnpe~eJieHBJIMB raycca B JlopeHua, TaK 'ITO 
K034lciiBUBeHT yMeHbWeHBJI rpa~BeHTa C06CTBeHHOrO nOJIJI 
Ha xpa10 ny11xa B03bMeM paBHWM 0,2. Y'ITeM TaK)I(e lllop
MY~Y /11/ /cu.l11 I ~JIJI BKJia~a oT nonei B3o6pa)l(eHBJI. 
3TO ~aeT ~JIJI 'laCTBU, HaXO~JIIUBXCJI B6JIB3B KpaJI ny'IKa 
( ""'a),C~BBr 

tlvr I a 
-2 

- 0 ,4· 10 ' I /23/ :....2 
tlv I =- 1,15-10 . z a 

DoJIO)I(eHae ny11xa Ha ~aarpauue 'laCTOT c y'leTOM /22/ 
B /23/ npB n = 0,65 0603Ha1feHO 3aWTpBXOBaHHOi 06· 
nacT.&IO ue~y TO'IKaua A. a B. Ha'laJI.&Hwe xone6aHBJI nnoT
HOCTB BCJie~CTBBe 4Ja,30BWX KOJie6aHBH pa3M:WBaiOT 3TY 
o6nacTb eme HeCKOJibKO 6on.&me /TO'IKB A 'a B /. HanoMHBM, 
'ITO Taxoe pa3MWTBe npoacxo~BT B Te'leHae npauepHo 
neps:wx 5 Me. 

Y'leT nonpasoK /13/ &3 pa6oTwl11 HecKOJibKO cno>KHee. 
H3BeCTHWH XO~ n(r) B M&WBHe 6e3 KOppeKUBi B CBJI3B C 
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TeM, 'ITO n' ;;;. 0,3 1/M B np&6JIB3BTeJibHO nOCTOJIHHO 
B pa6o1fei o6JiaCTB, ~aeT 60JibWYIO BeJIB'IBHY nonpaBOK: 
tla.vr It= 0 ::± 0,1 a llavz It= 0 ::±o ,07, 'ITO cymecTBeHHO 
pa3M:WBaeT 06JiaCTb, 3aHJITyiO 'laCTOTaMH KOJie6aHBH ny'IKa 
npB pa~aJibHO - .CBHXl)OTpOHHWX KOJie6aHBJIX. C CBCTeMOH 
xoppexuaa P3MH-1. /I/ 3TH nonpaBKH Ha nopJI~OK MeH.&me. 
K co)l(aJieHBIO, B sacToJimee speMJI 3KcnepaueHTaJibHO He
~OCTaTO'IHO B3y1feH ycpe~eHHWi no a3BMYTY XO~ n(r) · B 
uam&He C KOppeKUBJIMB P3MH·2/1.-Mo)I(H0 YTBep~aTb TOJib· 
KO, 'ITO pa3M:WTBe ny'IKa no 'laCTOTaM CTaHOBBTCJI O~OCTO· 
poHHBM I tl 8 v r < 0 a tl 8 v z > 0 I a no a6coJIIOTHoi sena
'I&He B Ha'laJibHWi uouesT He npeswmaeT 0,03. 

Tenepb BW'IBCJIBM nOJIO)I(eHBe ny'IKa B MOMeHT t = 
= 100 MC, KOr~a fJ B H yseJIB'IBBaiOTCJI B ~sa pa3a. 3a
~a~UCJI /~JI pe)I(BMa BH)I(eKUBB C MO~YJIJIUBei 3HeprBB/ 
aa

0 
"'b 0 ~ 10 eM, ac 

0 
= 30 eM /cu. I 1 I/. Tor~a nony'IBM 

pa3uep:w nonepe'IHoro ce'leHBJI ny11xa: 

a 100 = 22 CM, b lOO = 7 CM. 

Ha puc. 2 noKa3aHo BW'IBCJieHHoe noJIO)I(eHBe ny'IKa 
s uoueHT t = 100 Me B npe~noJio)l(eHBB, 'ITO pacnpe~e
nesae nJIOTHOCTB B Ce'leHBB ny'IKa OCTaeTCJI HeB3UeHHWM 
a ~· Toro )l(e 'IBCJia 11acTBU N = 3.10 12. Pa6o11aJ1 TO'I~a 
npB :JTOM cuemaeTCJI B noJio)l(eHae, xoTopoe onpe~enJieTcJI 

CABBrou: 

tl v 1 0 0 = - 1 . 10-2 
' tl v 1 0 0 = - 3, 2 • 10-

2
• r z . 

PaccuoTpes•e nony'leHHoi xapTBHW sa ~arpauue 'lac
ToT noxa3wsaeT, 'ITO npa ycxopeHBB AOCTaTO'IBO 6on.&moro 
'IBCJia 'laCTBU uoryT nepeceK&TJ.CJI pa3JIB'IHYe pe30H&HCY, 
Aa•e ecJIB 3Ha1feHBe n sw6paso B lOBe, cso6o~oi OT pe-
3oaascos. Ha AaHBOM npauepe BB~o, 'ITO npB ~B)I(eHBB 
pa6o'lel TO'IKB ue~eaao npoxo~TCJI pe3oaaac 2vz -vr =1, 
BpB JCOJie6aHBJIX 'I&CTBU MBOrOKpaTBO BpOXO~TCJI/3H&1fB• 
TeJIJ.BO 6wcTpee/ pe3oaailc 2vr + 2vz = 3 B npB n' 1- 0 Tax
•e pe3oaascw 3vz- vr = 2, 3vr - v z = 1. B npoune, Baa
'iaJIJ.BYI nepao~ /~o 5 Me/ uo•eT 3&XBaTYBaTJ.CJI nonoca 
pe30BaHCa vr + 3vz= 3 /npB Ba'laJIJ.BYX KOJie6aHBJIX BJIOT· 
BOCTB/. Opa 'IBCDe 'I&CTBU B pe)I(Bue ycxopeBBJI =5.1012

, 

no:u:Buo nocne~ero pe3oaaaca, 3axsaTwsaeTCJI • nonoca 
pe3oaasca 2vr + vz = 2. BcJIB B npouecce ycxope&BJI 'lac· 
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THUbl TCpJIIOTCJI, TO DpH ,1:\BH:>KCHHH pa60'ICH TO'IKH MC,I:\llCHHO 

npoxo,I:\HTCJI nonoca pe3ouauca 2vr + 2vz = 3 /eM. puc. 2 
npa N < 1,5.1012 ;. 

2. 014€HKa IUUPUH U CU/Ibl pe30HaHC08 

,lJ;anbHCBWHC paccy:>K,I:\CHHJI 0 B03MO:>KHOM TCMDe DOTCpb 

CYII\CCTBCHHO onpe,I:\CllJIIOTCJI ,1:\aHHbiMH 0 XapaKTepe HCKa

:>KCHHB DOllJI MaWHHbl • .113BCCTHble MaTepaanbl DO ,1:\aHHOMy 

BODpOCy co.Aep:>KaTCJI B / 2 /, B /3/ OUCHCHO 'IHCllCHHO 

BllHJIHHC pC30HaHca 3vr -v z = 1 Ha DOTe pH 'laCTHU DpH DOCTO

JIHHOM uaxo:>K,I:\euuu pa6oqe:B TO'IKH B nonoce :noro pe3ouauca. 

K CO:>KaneHHIO, npaKTH'ICCKH OTCYTCTBYIOT ,1:\aHHbiC, HMCIOli\HC 

OCHOBHOe 3Ha'ICHHe: 06 a3HMyTanbHbiX BapHaD;HJIX DOllJI H 

ero DpOH3BO,I:\HbiX B CHHXpo<ba30TpOHe. fiepC'IHCllCHHbiC BbiWC 

CYMMOBbiC H pa3HOCTHbiC pe3oHaHCbl 3 H 4 DOpJI,I:\Ka onpe

,1:\CllJIIOTCJI 1,2 H 3 KOMDOHCHTaMH <J»ypbe DpOH3BO,I:\HbiX DOllJI 

2 H 3 DOpJI,I:\KOB. 

,lJ;nJI OUCHKH a3HMyTallbHbiX HCKa:>KCHHB DOllJI H B03MO:>K

HbiX DOTCpb 'laCTHU B npou;ecce DPOXO:>K,L\CHHJI pC30HaHCOB 

Ha Ha'lallbHOM 3Tane YCKOpeHHJI DOCTYDHM CllC.z:\YIOli\HM o6-

pa30M: 3KCDCpHMCHTallbHO ycTaHOBllCHO, 'iTO BBC,I:\CHHC Kop

peKTHPYIOIUCB CHCTCMbl P3M.H-2, xapaKTep nonpaBOK KO

Topo:i K MarHHTHOMY DOlliO MaWHHbl H3BCCTCH, yBellH'IHBa

eT KonaqecTBo ycKOpJieMbiX qacTHU no'ITH B 3 pa3a. Mo:>KHO 

C,l:\enaTb DpCJliiOllO)I(CHHe, 'ITO HCKa:>KeHHJI, B OC06CHHOCTH 

a3HMyTam.Hble sapaanaa MarHHTHoro nonJI, O.z:\HOro nopJI,I:\Ka 

C BBO,I:\HMbiMH DpH KoppeKUHH BenB'IHHat'H· S,Kopee BCero, 

HCKa:>KeHBJI DOllJl ,1:\0 KOppeKD;HH 3Ha'IHTCllLHO 6onbWHe. 

B Ta6nane npase,l:\eHbl pe3ynLTaTbl MaTeMaTH'IeCKOB 

o6pa6oTKH * H3MepeHHi KoppeKTHPYIOIQero non• I puc. 3 
H 4 pa6oTbl I I/ I. 0HH Bblpa:>KeHbl B 3Ha'leHHJlX KOMDOHeHT 

Cl»ypbe DpOH3BO,L\HbiX OT A06aBKH K DOKa3a TelliO CDa,l:\a 

MarHHTHOro DOllJl, BBOAHMOi CHCTeMOH KoppeKn;Hi P3M.H-2 

*Ee Bblnonaan B.A.Maxa:Bnos. 
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~nJI ~BYX /B Ka'leCTBe DpB.Mepa/ .MO.MeHTOB Bpe.MeHB: t = 0 , 
B t = 30 MC. 

0003Ha'IB.M 
- 2 

1\n (x,cp) = Llo
0 

( ¢) + n
1 

( ¢) x + n 2 ( ¢) x + ... , /24/ 
- 1 dkn _ 

r~e x = r -R 0 , Lln 0 =!1n0 (H), nk=- -k- IR. 
k! dx 

Ko.MnoueHTW 4'yp:&e 6y~e.M o6o3Ha'laT:& au~exco.M csepxy; 
uanpa.Mep, n i onpe~enJieT xoMnoueaTy tl»yp:&e 

B T.~. 

- 1 217_ 2i¢ 
8-21 = - J n1 ( x, ¢) e d¢ 

217 0 

0003Ha'IB.M TaK:lKe 

Ink 1 = 2 v ( R~ilk) 2 + ( Im ilk) 2 
a a a 

/25/ 

Tenep:& .MO)I(HO acnon:&30BaT:& 3TH ~auuwe ~n• oneuxa 
mBpBH B CBnhl pe30HaHCOB B CTeDeHB pacKa'IKB KOne6aHBB 
qacTan. Pacc.MoTpeuae npose~e.M, s ocuosao.M, ua npa.Mepe 
~BYX xapaKTepHWX pe30HaHCOB, B.MeJOUUIX, DO·BB~.MO.My, 
uaa6on:&mee 3Ha'leaae: cy.M.Mosoro pe 3oaauca 4 nopJI~a 
2vr + 2vz= 3 a pa3HOCTHoro pe3oaauca3nopJI~Ka 2vz -~= 1. 
)J;nJI oneHKB mBpBH 3TBX pe30HaHCOB, a TaK:lKe B03.MO)I(HOrO 
ysenaqeuaJI a:w:nnaTy~w xone6auai npa ax npoxo~euaa 
DpB.MeHB.M .MeTO~Ky, pa3pa6oTaHHYJO B / 4 .~/ B OCHOBaHUYIO 
ua ynpoiQaJOIQeM npe~ono:lKeHBB, 'ITO sepTBKan:&awe 6eTa· 
Tpouuwe xone6aua• .Manw a npa paccYoTpeuaa nponecca 
pacxa'IKB uaa6onee onacuwx sepTaxan:&liwx xone6auai /sep
TBKan:&uwi pa3Yep xa.Mepw cpasaaTen:&ao yan/ pa~aan:&uwe 
xone6aaa• MO:lKHO C'IBTaT:& cTanaouapawMB, npeue6peras 
CBJI3hl0 BX C Z ·Kone6aHBJIMB. IlpB 3TOM, DOCKOnhKY pac· 
C.MaTpBBaeTCJI nBWh Ha'lan:&HaJI CTa~BJI pOCTa BepTBKanJ.• 
uwx xone6auai, uenaueiHWMB 34MllexTaYB - uacwiQeaaeM 
poeT a aYnnaTy~w. uecBY.MeTpaei uanpasneHBJI npoxo~eHBJI 
nonocw a np. - ~peueoperaeTCJI. B uame.M cnyqae y:lKe npa 
y~BOeHBB aMDnBTY~W BepTBKanhHWX KOne6aHBi DpOBCXO~T 
swca~xa qacTan aa cTeHKB, a MW 6y~e.M C'IBTaT:& ycnosae 
.ManocTB sepTBKan:&aoi a.MnnaTy~ swnonueuuwY. 

8 

CyTJ. MeTo~a cocTOHT s cne~yiOIQe.M: s o6IQeM cnyqae 
ypaBHeHHJI ~BB:>KeHHJI 'laCTHnW B MarHBTHOM DOne C HCKa
:>KeHHJI.MB MO:>KHO DpBBeCTH K ~BYM CBJJ.3aHHWM HenBHeBHWM 
~HclMilepeanaan:&HhiM ypaBHeHHJIM 2 DOpJI~K~ OTHOCHTenLHO 
OTKnoueuaii OT paouooecuoii op6HTI>I X= r- H a z. Ilpa ac
nonL30BaHHH npe~nono:>KeHHJJ. 0 ManOCTH Z • OTKnOHeHHB B 
pa~aanLHOM ypaoueuaa, uanacanaoY c y'leToM qnenoo, 
OTBeTCTBeHHWX 3a paCCMaTpHBaeMWB KOHKpeTHWB pe30HaHC, 
z nonaraeTCJJ. paBHWM uymo. Tor.na pemenae ~nJJ. x nony
•taeTCJJ. - .s o6meM cnyqae - o ou.ne KoM6uuau.uu rapMouu
qecKHX no aJHMYTY cnaraeMI>IX, B npocTeiiweM cnyqae
B oa.ne x ar('OH''z ('~. 3To cTau.uonapnoe pemenue JaTeM 
HCnOnL3yeTCJJ. B ypaBHeHHH ,nnJI '1. ·Kone6aHHB, 'ITO npHBO.llHT 
K ypaoneHHJIM THna Xanna ana MaTLe. AuanHJ TaKHX 
ypaonenaii .naeT BOJMO:>KHOCTL onpe.nenHTh o6nacTH ycToii
'IHBOCTH /mBpHHY nonoc peJOHaHCOB/, HHKpeMeHT HapacTa • 
HHJJ. aMnnaTy,nw z ·Kone6auaii H cyMMapuwii poeT ee npH 
npoxo:>K.neuaa nonoc1>1 peJouauca. 

0TCLIJJaJJ. Ja no,npo6HOCTJIMH K U.HTHpOBaHHbiM CTaTbJIM, 
Mbl npHMeHHM 3TOT DO.UXO.ll K KOHKpeTHbiM YCJJOBHJIM CHHXpO • 
4JaJoTpona, DpH'ICM orpaHH'IHMCJI JJHWb nony'leHHeM OI.J.CHOK 
MaKCHMaJJLHOro pOCTa aMnJJHTy,nbl. 

B CBJJ.3H C pe3KO HCJJHHeHHbiM xapaKTepOM BHOCHMbiX 
CHCTeMOB KoppeKU.HB PJMH-2 ,no6aBOK K noKaJaTeJJIO nonA 
n ( r) OKa3biBaeTCJJ., 'ITO HaH60JJLWee 3Ha'leHHe HMCIOT BbiCWHe 
npoH3BO.llHble Bz no pa.nnycy, 'ITO MO:>KHO BhlpaJHTh cne.ny10· 
meii u.eno'IKoii nepaaencTa: 

"o n I: n:! /26/ 
,. 

npH'IeM 6eJpaJMepnble oenH'IHHbl n k CBJIJaHbl co 3Ha'leHHJJ.
MH n k /eM. /24/ I COOTHOWeHHCM 

-k
n k ~ H nk /21/ 

AnanHJ •a6A. 1 noKaJI>IBaeT, 'ITO nepaoencTaa /26/ 
cnpaae.nnHBbl .llJJJI ni06blx KoMnonenT <l>ypLe n11 /no Kpaiineii 
Mepe nepablx <~eTLJpex/. CooTnomeHHJJ. /26/ OJHa'laiOT, 'ITO 
rnaany10 ponL s 'lneuax, oTBeTcToenuLJx Ja aoJ6y:>K,neuue pe
Jonancoa, arpaJOT BhJcmue npoHJBO.llHLJe Bzfr) no r. 

HanpaMep • 

9 

~ 



n 1 -2 
1 i =no(l-no) + !!..__ !B 

8 z ar 2 li 
- R2 a2 Bz 
- Bz ---a;r li 

- 2 - 3 

2n2 1_ 
R 

R2 a Bz p3 a Bz _ 
= n0(1- 2n 0 + 2n~) +- --l_(l-3n ) +- -- = 

Bz ar 2 R 8 z ar 3 

-3 a3B , R . z - -· a;r 1-. 
R 

/28/ 
Bz 

B T.,IJ;. ~_f 

PaccMoTpBM cyMMOBLIB pe3oaaac 4-ro nopJI.IJ;Ka. 

21; r + 2vz == 3. 
3TOT pe30HaHC B036y)I()J;aeTCJI 3-e:ii rapMOHBKOB <J>yp&e 

OKTynon&HOrO B03My~eHBJI "'xZzZ B pa3nO*eHBB raMBn&
TOHBaHa CBCTeMLI. C y'leTOM /25/ MO*HO noKa3aTb jcy/<1/j, 
'ITO ypaBHeHBe .IJ;nJI BepTBKanbHLIX KOne6aHBB B6nB3B pe3o
HaHCa BMeeT npB6nB*eHHbiB BB.IJ;: 

, 2 1 3 3 r 2 • 
y + lvz- -\n 2 1(---=-) [cos(3+2vr)¢-cos(3--'2vr)¢1y==0,. 

4 R /29/ 
r,IJ;e y = ~ , ar - aM:nnBTy.IJ;apa.IJ;BanbHLIX6eTaTpOHHLIX KOne

R 

6aHBi, n~ onpe.IJ;eneao cornacao /25/ B /26/. 

2 1 3 ar 2 2 1 3 ar 2 
v = n - - I"~ I (-=--) , v == 1 - n + - ln2" I (-=-) 

z 2 t. R r 4 R 
/30/ 

YpasaeaBe /29/ npe.IJ;cTa,BnJieT co6o:ii ypasaeaae TBna 
XBnna, rpaHBULI o6nacTB ycTOB'IBBOCTB .IJ;ml KOToporo /wBpB
aa nonocw pe3oaaaca/ onpe,IJ;enJIJOTCJI cne.IJ;yJO~M o6pa3oM: 

l(2v ) 2
- (3-2v ) 2 1<_!_1n 3 1(~!:__) 2 . 

z r - 2 2 R /31/ 

B 3TOM COOTHOWeHBB 

nOCKOnbKY C'IBTaeTCJI, 'ITO 

HBB B nonoce pe Joaaaca 
pacTeT no JaKoay: 

10 

MO)I(HO nonaraT& vi::: n ,,;~::: 1-n,, 

_!_ln~l(~)2 << 1. llpBHaXO)I()J;e· 
2 R0 
/31/ aMnnBTy.IJ;a z -Kone6aaB:ii 

' ~Z( 

':~ 

. ··~ 
! 

.10·1' 
'<1~" 

·\·.f·~.;·.' .:,\.1 

'1 .), 
~ 

"!!'' .j ·r 
Iii,"" 

~ 

~ 

j 

I 
,_: 

az = az 0e14iPI(¢). /32/ 

3.IJ;eCb iP( ¢) npe,D,CTaBnJieT C060:ii HeKOTOpyiO KOM6BHaD;BIO 

3 - 2v 
TpBroaoMeTpB'IeCKBX IIIYHKUBB apryMeHTa 

2 
-¢. BenB-

'IBHa 11 pasaa aynro aa rpaaBu;ax nonocw /31/B MaKcB
Man&aa .B u;'eHTpe nonocw. MaKCBMan&aoe 3Ha'leHBe 11 pas
ao: 

__ I 3 , ar 2 
/LM<tl\('- .];j·lnl!(R) 1/paC>. 

0 
/33/ 

Cpe,Aaee 3Ha'leHBe 11 B nonoce He3Ha'IBTen&Ho oTnB'IaeTcJI 
j,.. Ha 30~/ OT MaKCBMan&HOrO. 

TaKBM o6pa30M, 3a o6opoT no op6aTe npa aaxo)I()J;eHHH 
B nonoce pe3o8aaca aMnnaTy.IJ;a z -Kone6aaa:ii B03pacTaeT 
Ha Ben&'IBHY a 

· 3 · r 2 . O,<l.'l·n (-\ 
3 z~211 · 2 Ro --- -·-- - (" 

a.,o 

-3 2 
0,45ln21 ar 

e 

llepe:ii.IJ;eM K pe3oaaacy 3-ro nopJI.IJ;Ka: 
2r·z - ''r ·c I. 

/34/ 

0TBeTCTBeHHLIM 3a B036y)I()J;eH&e pe30HaHCa JIBnJieTCJI 
reKcanon&aoe B03My~eaae /nepsaJI rapMOHBKa <l>yp&e/, 
KOTOpOMY COOTBeTCTByeT 'lneH BB,IJ;a XZ 2 B raMBnbTOHBaHe 
cacTeMw. Ypasaeaae z -Kone6aaa:ii MO)I(HO npasecTH K BRAY 

a . . 

Y, + r•Zy - _r_ jnl 1
1 (~08'~ • COSI' ·~ = 0. ., · H 1 'I· r ~-

0 . 
/35/ 

Ypasaeaaro /35/ cooTBeTCTByeT nonoca aeycTOB'IBBOCTR 

i ( 2 v z ) 7. -- ( i - r; r ) 2 i ~ i n ~ i :r 
0 

B MaKCBManbHOe 3Ha'leHBe /L /CM. /30//: 

I 11 ' · ·n a 
c, 1 r r: 1 

/LM'tK<'- --- • - 0
·' 0,7 1n I a 

( . 4 ( 1 - ,, r ) n 1 r 

Aaanor&'IHO /34/ MO>KHO aanaca Tb 

~21'- == e 4,5ln ~I •r. 
az 0 

/36/ 

/37/ 

/38/ 

II 

r , 

~ ~ ~ 



HanoMHBM, 'ITO noCKOJI&Ky 3TOT pe3oHaHc pa3HOCTHWi, 

poeT Z- aMnJIBTY.IJ.W orpaHB'IeH COOTHOWeHBe¥ 

2 1 + 1/~ 2 
4a + ---a = const. /39/ r v z 

r 

CZ,opMyJia /39/ fiOKa3WBaeT, 'ITO npB Ha'laJI&HOH aMnJIBTy)J.e 

Z -K.OJie6aHBH, paBHOH, HanpBMep, 5 CM, yseJIB'IeHBe ee B 

4 pa3a MOlKeT npOBCXO)J.BTh npB BeJIB'IBHe ar O ;_: 14 CM. 

Ba)I(HW¥ o6cTOJITeJI&CTBO¥ JIBJIJieTcJI To, 'ITO KaK WB

PBHW pe3oHaHcos /eM. /31/ B /34/ I, TaK B BHKpeMeHTW 

/31/ B /35/ CyJUeCTBeHHO 3aBBCJIT OT aMnJIBTy )J. pa)J.BaJI&HWX 

6eTaTpOHHWX Jd>Jie6aHBH, B )J.aHHOM fiO)J.XO)J.e - OT BX Ha'laJI&

HWX 3Ha'leHBi. Oco6eHHO 3TO KacaeTcJI nepsoro B3 pac

CMOTpeHHWX pe3oHaHcos. B 'I&CTHOCTB, npB npoxo)K)J.eHBB 

fiOJIOCW pe30HaHca C HeKOTOpOi CKOpOCThiD 3TO npBBO)J.BT 

K CYMMapHOMY B3MeHeHBID aMnJIBTY.IJ.W KOJie6aHBH, KOTOpoe 

3aBBCBT OT a r B eme 6oJiee BWCOKOH CTeneHB. 

,lJ;eHCTBBTeJI&HO, nyCTh, H~npBMep, paCCMOTpeHHWe pe-

30HaHCW npOXO)J.JITCJI npB Vr :.:. C onst CO CKOpOCThiD, KOTO
dv 

paJI onpe)J.eJIJieTCJI nocTOJIHHoi BeJIB'IBHoi __ z- = v . B 
dt z 

3TOM pelKBMe WBpBHW fiOJIOC pe30HaHCOB paBHW: 

,:\ J.l z 1 1-3 16 n21 a; )J.JIJI 2vr + 2v z = 3, 

.:\ v z = l.. I n ! I a r )J.JIJI 2 v z - v r = t. 
8 

/40/ 

/41/ 

Cy:w:wapHoe B3¥eHeHBe aMnJIBTY.IJ.W z -Kone6aHBi npB npo

XOlK)J.eHBB nonocw pe3oHaHca onpe)J.eJIJierc.ll Tenep& KaK 
A v o . 

I 11 d o - (1) I 11 dt - . (1) fi ___ z_ /42/ 
e --· e - e Vz • • 

3)J.eCit w - 'laCTOTa o6pameHBJI 'I&CTB~ B YCKOpBTeJie Ha BH

TepBaJie BpeMeHB, COOTBeTCTBYIDJUeM npOXO.lK)J.eHBID fiOJIOCW 

)J.aHHoro pe3oHaHca. Tenep& BMeeM )J.JIJI aMnJIBTY.IJ. z -KoJie-

6aHBH fiOCJie npOXOlK)J.eHBJI pe30HaHCOB: 

2v + 211 = 3; 
r z 

12 

1 (u 

a = a exp [ --. -•-ln312 a4 1 
z z 0 370 • 2 r 1 • Vz 

/43/ 

·~ 

l 
:l 

I 
I 

1 1

1 

~ ,. 

1 w2 -1 2 2 
2v -v =1; a=a exp[-·---lnl a]. /44/ 

z r z z0 17 • 1 · r 
vz 

IlpBBe)J.eM eme cilopMyJiy )J.JIJI aMnJIBTy)J.W6eTaTpOHHWX KO

Jie6aHBH npB MHOrOKpaTHOM npOXO.lK)J.eHBB fiOJIOChl pe30HaHCa 

/cyMMOBOro/ 3& C'leT pa)J.BaJI&HO-CBHXpOTpOHHWX KOJie6a

HBB. liy)J.eM C'IBTaT&, 'ITO Ka)K)J.oe npoxo)K)J,eHBe yseJIB'IBBaeT 

aMnJIBTY.IJ.Y Ha BeJIB'IBHY BB)J.a /43/, scero N0 npoxo)K)J.e

HBi. ,lJ;JIJI npOCTOT.Ial npe)J.nOJIO.lKBM, 'ITO npB 3TO¥ B3 BeJIB

'IBH, BXO.IJ.JIIUBX B I 43/, B3MeHJieTCJI TOJI&Ko qacToTa o6pa

meHBJI (t) 1 3a c'leT cKopocTH qacTB~ (3 • KaK BB.IJ.HO &3 

puc. 1 B 2, i' z npaKTB'IeCKB nOCTOJIHHa, In~ I corJiaCHO 

)J.aHHWM B3MepeHBi TaK.lKe MeHJieTCJI HecymecTBeHHO. Tor)J.a 

HMeeM 

~ak 
a =c a e 

z z 0 

~cln312a4T 
[ 

2 r 
az exp -

0 370.:\ vz • R 
0 

j. /45/ 

071 .' :'>-- "A / i \ '.., " . Vz as o,8 o,7 48 

Puc. 1. ,4uazpa..w..wa pe3oHaHcoe u ~ac•o• KoAeoaHuu ny~
Ka ( t == 0 ) . 
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Yz 
'II 

\ "\ .. ~, 
\.V._,, l.j! 

).'\il , I 
3
J
1
.vj.· 

">)I \ I .. --
/ \ .J--

. I \_ .... -- I 
--\ I 

"-..r:.A...I \ 

\ 

I t =:>- )I ./ I \ ., ), . J 
06 07 08 • r 7. 

Puc. 2. ,4uazpaMMa pe3oHaHcoe u 'iac•o• KoAe6aHuu ny'i
Ka I t = 100 Mc/. 

- ~ 
3AeCb c f3 - cpeAHee 3Ha'leHBe cxopocTB 'lacTB~, T = N O!f-
liOJIHOe BpeM.R npOXO>K,AeHB.R pe30HaHca, ,\ ''zu - CABBr 'laCTO
TW :Ja 'leTsepTb nepBOAa CBHxpoTpOHHwx xone6aHBii (To I t1 ~ 

CneAyeT DOA'IepKHYTb, 'ITO cl»opMynw, npaBeAeHHwe swwe 
An.R BHKpeMeHTOB B CYMMapHoro ysenB'IeHB.R aMDnBTYAW, 
BMeiOT B OCHOBHOM O~eHO-qkWii xapaKTep, T.K. OHB BWBeAe
HW B npeAUOnOlKeHBB a :7. << a r , TaK \'ITO pacKa'IK9B /BJIH 
3aTyxaHBeM/ ar B npo~ecce B3MeHeHB.R az npeHe6pera
eTc.&. TeM He Me.Hee An• BW.RCHeHB.R pons pe3oHaHcos 
pa3JIH'IHOrO TBna B DOJIBneHBB CyiQeCTBeHHWX DOTepb 'laC
TB~ 3TH cl»opMynw, OCOOeHHO An.R WBpBH B p., AaiOT BeCbMa 
none3HYJO BHcl»opMaJUIIO. EcTecTBeHHo, 6onee TO'IHwe pac'le
Tw MoryT OWTb s A&nbHeiweu CAenaHw npa 6onee AeTanb
ROM 3BaHBB IC:apTBHW BCIC:a>KeHBI: MarHBTHOrO BOnJI .yCKOpB
Ten.R B C BpBBne'leHBeM 'IBCneHHWX pac'leTOB HenHHeiHWX 
CB.R3aHBWX ABB)I(eBBi 'laCTB~ B r- B z.-~anpasneHB.RX. 

flepei:AeM IC: 'IBCneHBWM BnniOCTpaJUI.RM B OOCy>K,AeHB.RM. 

14 

3. 06cyxi}eHue pe3yA~o•a•oe 

PaCCMOTpBM, KaKBM o6pa30M C BOMOIQbiO B3nOlKeHHWX 
B npe AWAYUUIX pa3Aenax COOopa)l(eHBB MO>KHO Ka'leCTBeHHO 
oob.RCHBTb CYIQeCTBOBaHBe, npa onpeAeneHHWX ycnosa.&x, 
6wcTpwx noTepb 'laCTB~ Ha Ha'lanbHoi cTaABB ycxopeHB.R 
B CBHXpOcl»a30TpOHe, a TaK>ICe BJIH.RHBe CBCTeMW KOppeK~Bi 
PlMH-2. Ha TeMn 3TBX noTepb. 

Kax y>ICe ynoMBHanocb, npa 3Ha'IBTenbHOM 'IRene qac
TB~, 3axsa'leHHWX s pe>ICBM ycxopeHB.R ( N"' 2 +3 • 1012) , 
ny'IOK nonaAaeT B nonocy pe3oHaHca 2vz- vr = 1 /eM. 
puc. 1/. O~eHBM noxa3aTenb 3KcnoHeHTW s cl»opMyne /43/. 
B AaHHOM cnyqae ~BIC:nOTpOHHa.R 'laCTOTa w COOTBeTCTBy
eT CKOpOCTB 'laCTB~ B Ha'lanbHWB MOMeHT BpeMeHB, T.e. 
f3 = f3o= 0,2a w = 2,2.10 6 pai}jc. CxopocTb cMeiQeHB.R 

paooqeii TO'IKB An.R napaMeTpOB, BWOpaHHWX B pa3Aene 4, 
pasHa DpBMepHO v z;:: 0,3 1/c; C y'leTOM MeAneHHWX 
noTepb qacTB~ OHa HecxonbKO swwe, npBMeM i'z = 0,5 1/c. 
.An• In} I ,acnonb3yeM 3Ha'leHBJI, B3.&Twe B3 •a6A. 1, T.e. 
I n~l :: 10-3 1/cM.TorAa c DOMOIQbiOI /44/ HaXOABM, 'ITO 3a 
speMJI npoxo>K,AeHBJI pe3oHaHca. aMnnBTYAa z -xone6aHBii 
MO)I(eT B03paCTB B ADa pa3a y>ICe npB 3r 

0
> 2 CM. 0AHaKO, 

DOCKOnbKY 3TOT pe30HaHC pa3HOCTHWB, cneAyeT npBH.RTb BO 
BHBMaHBe COOTHOWeHBe /39/, cnpaBeAnBBOe DO KpaiiHeii 
Mepe AnJI He CnBWKOM OOnbWBX aMDnBTYA OeTaTpOHHWX 
xone6aHBii. H3 Hero cneAyeT, 'ITO aMnnaTyAa az MO)I(eT 
AOCTBraTb 18 CM /T.e. CTeHOK KaMepw/ npB Ha'lanbHOii ee 
BenB'IBHe a z O TOnbKO An.R 'laCTB~, paABanbHWe aMDnBTYAW 
xone6aHBii xoTopwx Bro > 13 CM *. 

TaxBe 'laCTB~w MoryT OWTb· noTepJIHW Ha ropB30HTanb
Hwx cTeHxax xaMepw 3a speM.R oxono 5-6 Mc. /BpeMJI npo
XO)I(AeHBJI paooqeii TO'IKOB pe30HaHCHOii nonocw WBpBHOB 
2.t'.vz = 3·10 -l /. Ecna y'leCTb Ha'lanbHWe xone6aHBJI 

*,An.& 'laCTB~ C MeHbWBMB paASanbHWMB aMDnBTYAaMB 
/TO'IHee, xorAa 2 CM < ar 0< 13 cM, 3a speM.R npoxo>K,AeHBJI 
nonocw pe3oHaHca 6yAeT npoBCXOABTb nonHwii nepexoA 
3HeprBB KoneoaHBB B3 r- ABB)I(eHBJI B Z B OOpaTHO, HO 
azmaxOYAeT MeHbWe 18 CM. 
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nnoTHOCTH, a TaK~e paAHanLuo-cauxpoTpouuwe xone6aHHR 
H H3MCHCHHC KynOHOBCKOrO CABHra npH 3TOM, BpCMR pe3o
HaHCHWX noTepL 6yACT 6onLWC 6 MC, npH'ICM 3TO yoena
'ICHHC 6yACT 3aBHCCTL H OT Ha'lanLHOrO CABHra 'laC TOT*. 

C Apyroii CTOpOHW, ecnH npH :HOM 3aMCTHaR AOnR qac
TBU 6yACT TCpRTLCJI, TO CKOpOCTL CMCII.\CHHR pa60'ICB TO'IKH 
6yACT yoenH'IHBaTLCR, 'ITO, B CBOID O'ICPCAL, YMCHLWaeT 
TCMn noTepL. TepReMaR AOnR 'laCTHU H CKOpOCTL nOTCpL 
ycTauaonaoaeTCR o pe3ynLTaTe uexoToporo 6anauca Me~y 
npoueccoM pe3ouaucuoii pacKa'IKH xone6auaii H npoueccoM 
nepexoAa qacTOTLI qepe3 nonocy pe3ouauca. Tax ana HHa'le, 
B pe3ynLTaTe ACBCTBHJI pe30HaHCa 2''z - ,, r , l B A8HHOM 
npHMepe patTO'IaJI TO'IKa B 3aBHCHMOCTH OT 'IHCna noTepRH
HWX '18CTHI.{ CMCJJ.{8CTCR AOCT8TO'IHO 6WCTpO /3H8'1BTCnLHO 
6wcTpee, 'ICM 3a C'ICT ACBCTBHJI aAHa6aTH'ICCKHX npoueccoo 
npa ycKopeuuu/ K pa6oqeii oKpy~HOCTH ycKopHTenJI. 

llpH pa.nuanLHO- CHHXpOTpOHHWX KOne6aHHRX. 'laCTBUW 
npoxoJJ.JIT TaK~e nonocy cyMMoooro pe3ouauca 2''r + 2''z~ 3, 
a 38TCM, no Mepe CHH~CHHJI HHTCHCHBHOCTH nyqKa, ee 
npoxo.nuT H pa6o'laJI TO'IKa. C.nsur pa6oqeii TO'IKH .no nono
cw :noro pe30H8HCa COOTBCTCTBYCT 'IHCny qacTHU B ny'IKC 
N :: 1, ;~. 1012 . CyMMa'puoe yoenaqeuue a z npa .neiicTBHH 
CYMMOBoro pe3ouauca MO~Ho ouenHTL no cllopMyne nu6o 
/43/, na6o /45/. PacqeTw noKa3wsaroT, 'ITO pe3ynLTaTw 
OK83WBaiDTCR 6nH3KBMH, n03TOMY npOH3BCJJ.CM OUCHKy co-
rnaCH0/43/. TenepL <•J B03LMCM COOTBCTCTBYIDllUIM 
t::-50-70 MC, T.e. 01 = 3,5.10 6 paojc. CKOpOCTL CMe
ll\CHHR pa60'ICB TO'IKH npHMCM npe~HCB, 'ITO COOTBCTCTBYCT 
aABa6aTH'ICCKOMY npoueccy, T.e. '~z "'0,5 1/c. Cornacuo 
•a6A. 1 In ~I "" 3 _;_ 3,5.10 -5Jjc..w 2; npBMCM, 'ITO B Mar-

* KaK y~e yKa3woanocL, BHKpeMeHT H cyMMapuoe 
B03pacTaHBC az -aMfinBTYAW JJ.OCTaTO'IHO 6nB3KB K HCTHH
HWM nHWL npa az o« ar ,0. CneAyeT o~HJJ.~TL /eM. TaK~e 
qacneuuwe pac'leTw o /51 I, 'ITO npa az 0 < ar 0 B03pacTa
HHC az 6y.neT npOBCXOJJ.BTL HCCKOnLKO Me.nneuuee; TaKHM 
o6pa30M, H no 3TOB npH'IBHe TeMn DOTCpL 6y.neT MCHLWHM, 
'leM no npase.neuuoii oueuxe. 
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HBTHOM none ycxopaTemr 3Ta oenaqaua nopRAKa 3.1 o-51 I c..w 2• 
Tor.D.a nony'IBM 

a -5 4 
z 1, 7 • 10 a / 61 ---""e z. 4 

azo 
fl»opuyna /46/ noxa3woaeT, '1Tope3ouauc 2v, + 2vz = 3 

•onJieTCJI "HenpOXOJJ.BMWM" JJ.nJI 'laCTBil nyqxa, Ha'l&nLHWe 
aMnnBTYAW r ·Kone6aHBR KOTOPWX /K MOMeHTY uaqana 
AeRCTBBJI pe30Hauca/ npeowwaroT 13 - 15 CM, T.K. npB 
3TOM aMDnBTYJJ.W BepTBK&nLHWX KOne6aHBB B03paCTaroT 
nO'ITB B JJ.Ba pa3a /uanOMHBM, 'ITO MW B COrnaCBB C 3KCne
puMeHTOM nonaranx oepTBKanLswl nonypa3uep nyqxa pas
swu 10 CM, TaK 'ITO 3Sa'IBTenLHaJI AOnJI 'laCTBil ny'IKa 
BMeeT BepTBKanLSWe Ha'l&nLSWe aMnnBTYJJ.W 6eTaTpOHSWX 
xone6auuii Toro lKe nopJIJJ.•Kaj. 

H3 3TH X oneuox cpa3y lKe cneJJ.yeT, 'ITO cpe 3BW'Iaiiuo 
BalKSOe 3Ha'leHBe JJ.nJI -yMeSLWeSBJI TeMna nOTepL 83- 3a 
nepece'leHBJI pa6oqeii TO'IKOI ny11xa nonoc uenuueiiswx 
pe30SaHCOB CBJI3B paCCMOTpessoro TBna BMeeT OnTBMB3a
IlBJI nponecca BHlKexnuu c TeM, '1To6w nony'IBTL ny11ox 
'laCTBil sa Op6BTe YCKOpBTenJI C MBSBManLSWMB saq:anLSW· 
MB aMnnuTy.naMB 6eTaTposuwx xone6auxii. Haxny'IIWie pe-
3ynLTaTw no usTeucuosocTB ycxopessoro ny11xa 6wnu 
JJ.OCTBrSyTW 3KCnepBMeH:ranLSO B pelKBMe HSlKeK,I.{BB C 
MOJJ.YnJI,I.{Beii 3HeprBB BHlKeKTBpyeMOro ny'IKa, KOrJJ.a MaK
CBM&nLSWe 3Ha'leHBJI r ·aMnnBTYJJ. CYII.\eCTBeHSO y:MeHLWa
nBCL. 

Tax, o 3KcnepBMeHTax, xor.D.a 6wna nony11eua BHTeu
cussocTL ycxopeusoro ny11xa 1 ,5 .1 0 12 , uaxcu:ManLswe 
3Sa'leSBJI paJJ.BanLSWX aMnnBTYJI. no npB6nB3BTenLSWM O,l.{eS
KaM Be npeBOCXOJJ.BnB 15 - 20 CM, B TO BpeMJI KaK B pelKBMe 
6e3 MOJJ.ynJI,I.{BB 3HeprBB MaKCBM&nLSOe 3Ha'leHBe paJJ.B&nL
SWX aMnnBTYJJ. BMeeT nonypa3Mep KaMepw, T .e. JJ.OXOJJ.BT 
JJ.O 60 CM. 

BTopol BalKHWR BWBOA CBJIJaH C B03JJ.eRCTBBeM sa 
Cyll\eCTBywllUie B CBHXp0~30Tpose BCKalKeHBJI Be.D.Yil\ero 
MarSBTSOrO nOnJI, nOCKOnLKY BnBJISBe pe30SaSCOB sa pac
Ka'IKY sepTBK&nLswx xone6asxl onpeJJ.enJieTCJI KBaJJ.paTOM 
K03clxl»BllHeHTOB fl»ypLe OT npOB3BOJJ.BWX MarSBTHOrO nonJI 
no a3BMyTy. CucTeMa xoppeKilHB P3MH-2, BBOJJ.JIIl\&JI uenu
seluwe JJ.06aoxu B MaruBTHoe none ycxopaTenJI u no3so-

17 



JI.BIOII\a.B aapbBpOBaTb BX KaK no a3BMYTY, TaK B BO BpeMeHB, 
3c)clleKTBBHO B03onei:CTByeT Ha BCKalKeHB.B MarHBTHOrO noJI.B, 
qTO B n03BOJI.BeT pe3KO yMeHbWBTb pe30HaHCHWe noTepB 
qacTan. B 3KcnepaMeHTax c BHTeHCBBHOCTbiO qacTan B 
nyqKe 1,5.10 12 K 100 MC "BW)I(BBaJIO" np&MepHO 60~ 
qaCTBU, 3axsaqeHHWX B CBHXpOTpOHHWi pelKBM YCKOpeHB.B. 
Korona cacTeMa KoppeKnaa "n" P3MH- 2 BWKJIIOqanac&, 
q&CJIO "BW)I(BBWBX" qacTBU K 100 MC YCKOpeHB.B COCTaB
JI.BJIO TOJibKO 20~ OT 3axsaqeHHWX qaCTBU. 

B aacTO.Bil\ee apeM.s ell\e He npeoncTaan.seTc.s B03MolK
HWM YTBep>KonaTb, qTo KOppeKUBB MarHBTHOrO nOJI.B, BBO
onBMWe CBCTeMOi: P3MH- 2, JIBJIJIIOTCJI nOJIHOCTbiO onT&MaJI&
HWMB. B r--LqacTHOCTB, a3&MyTan&awe aapaanaa ono6aaoK, 
BHOCBMWX B MarHBTHOe none YCKOpBTeJIJI, BMeiOT JlpKO 
BWpa>KeHHWi HeJIBHei:HWi xapaKTep B CMWCJie 3aBBCBMOCTB 
n(r ).Ha HaCTO.Bil\eM HaqaJibHOM 3Tane BCCJieonoBaHBi ona
HaM&qeci<BX KOppeKUBi: B BX BJIBJIHB.B Ha noTepB BHTeHCBB
HOCTB TaKae ono6aBKB /onocTaToqao rpy6we/ 6wcTpee npa
soonJIT K 3ciMI»eKTY, TaK KaK C nOMOII\biO HBX npOII\e BHOCJITC.B 
a3BMyTaJibHWe BapBaUBB B npOB3BOonHWe MarHBTHOrO noJIJI 
BTOporo B TpeT&ero nopJionKOB, OTBeTCTBeHHWX 3a B036y>K
oneHBe paceMOTpeHHWX pe30HaHCOB. 3aMeTBM, qTo eCJIB 
BHeeeHBe TaKBX ono6aBOK npBBOonBT K HeJI&Hei:HOeTB ycpeon
HeHHOrO nona no paonaycy ( n' , n" I 0) , To, B npaanane, 
B3-3a pa3Ma3KB 'laeTOT MOryT 3aXBaTWBaTbeJI nOJIOeW 
ononoJIH&TeJI&Hwx pe3oaaacoa /eM. HHlKe/. Ilo3TOMY MOlKHO 
BWeKa3aTb npe,nDOJIOlKeHBe, KOTOpoe onoJllKHO 6WTb npoae
peHO B noeJieonyroliUIX 3Kenep&MeHTaX, qTo OnTBMaJibHWi 
pe)I(BM KOppeKUHi onoJI)I(eH npBBOonBT K BBeoneHBIO a3BMyTaJib
HWX sapaan&i: ono6aBO'IHOro nOJIJI HY>KHOi KpaTHOeTB npB 
OonHOBpeMeHHOM "BwpaBHBBaHBB" noKa?aTeJIJI ycpeonHeHHo
ro non.s ycKopaTeJIJI no paonayey. B noeneonaax 3Kcnepa
MeHTax e MaKCBMaJibHOi BHTeHCBBHOCTbiO nyqKa HeJI&Hea
HOCTb 1\n ( r) ono6aBOK K nOJIIO 6WJia BWpa>KeHa Me He e pe 3 I<O 
I n ' B epe,IUieM yMeHbWBJiac& 6onee qeM sonsoe no cpaa
HeHBIO e BeJIB'IBHOB, noJiy'leHHOi: B npeonwonYUUIX onwTax/. 

KpoMe paccMoTpeHHbiX pe3oHaHcoa, BJIBJIHBe aa noTepa 
qaeTan MoryT oKa3wBaTb B HeKoTopwe onpyrae. KaK y>Ke 
ynOMBHaJIOeb B pa3onene 1, npB cpaBHBTeJibHO yMepeHHOB 
BHTeHeBBHOCTB B ononOJIHBTeJibHOM pa3MWTBB pa60'Iei TO'IKB 
B3- 3a paonaaJibHO- CBHXpOTpOHHWX I<OJie6aHBB ( j p • n ' t 0 ) , 
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a TaK>Ke npB n > 0,65 MOryT nepeeeKaTbCJI JIBHBB pe30HaH
COB 3vr - Vz = 1 H 3vz- v r = 2. 06a 3TH pe30HaHCa CBJI-
3aHW c nepeKoeoM Me,naaaaoi nnoeKoeTB yeKopaTeJI.s a 
TpeT&ei: npOB3BOonHoi (13Bz/a r3, HO BX oneiieTBB.B eYII\eeTBeH
HO pa3JIB'IHW. 

HMeeM eneonyroliUie COOTHOWeHB.B onn.s aMnJIBTyon z B r 
KOJie6aHBH: 

a 2 + 0 24 a2 = c on st 
z ' r onn.s pe3oHaHca 3v -v = 1 'I 

r z /47/ 
onn.s pe3oaaaca 3v- v = 2. 

z r 

H 

a 2 + 2 7 a2 = con st 
z ' r 

0Tcroona MO>KHO conena Tb BWBOon, 'ITO npB np&MepHO 
paBHWX K03ciMI»BUBeHTaX cl>ypbe n1

2 B n
2
2 pe30HaHe 3v -i-1 =2 . z r 

6onee onacea e TO'IKB 3peaa.s nepeKa'IKB 3Hepraa &3 pa-
naan&aoii eTeneaa eao6oonw B aepTBKaJI&HyiO. CneonyeT 
O>KH,na Tb TaKlKe, 'ITO CBJia pe 30HaHCa /Ko3ciMI»BIUieHT yBeJIB
'leHBJI aMnJIBTyonw Z -KOJie6aHBi npH npOXOlKAeHBB DOJIOebl/ 

1 
3aBBCBT OT ar onJI.B pe30HaHCa 3vr - Vz = 1, KaK ( i- )6 , 

a 2 
a onn.s pe3oaaaea 3vz-vr = 2 - KaK(--L-),T.e.no-

R 
CJieonHBi: pe30HaHC MeHee 'lyBeTBBTeJieH K yMeHbWeHBIO 

aMnJIBTyonw paon&aJibHWX 6eTaTpOHH~ KOJie6aHBi. 3TH Ka
·qecTBeHHWe 3aKJIJOqeHB.B pacxoonJITCJI e BWBOonaMB pa6o-
Tbl / 3/. . . 

llo- BBonBMOMY, HeTpy,IUIO BWnOJIHBTb TaKBe yCJIOBB.B 
/sw6op n a ~ B pa6o'lei o6nacTB/, Korona noTeanaan&
Ho onacawi pe3oHaHc 3vz - l'r = 2 B00611\e He 6yoneT npo
xoon&TbCJI a nponecce ycKopeaa.s. · 

lionee Cyll\eCTBeHHWM npenJITeTBBeM, KOTOpoe MO>KeT 
orpaHB'IBTb MaKCBMaJibHO onoCTB)I(BMYIO BHTeHeBBHOeTb B 
c&axpoc)a3oTpoae /npa n = 0 , 65 I, JIBJIJIIOTC.B cyuwoawe 
pe30HaHCW TpeT&ero nop.sonKa Ha BTOpoi: rapNOHBKe B03-
Nyll(eHBJI noJIJI: 2vr + v z = 2 B oco6eHHO vr + ~vz = 2 /eN. 
puc. 1/. Pac'leTw no 4Jopwynaw pa3onena 2 &3/ 11 ooKa3waa
JOT, 'ITO B yenoaa.sx noJIBoro 3anoJIHeaa.s qacTanawa no
Jie3aoii anepTypw Kawepw npa BHlKeKn&a a 3axaaTe B 
CBHXpOTpOHHWi pe)I(BM consar pa6oqei TO'IKB AO nepBOrO 83 
3TBX pe30HaHCOB COOTBeTCTByeT uaKCBMaJibROiBHTeHe&B
HOCTR B Ha'laJie YCKOpeHB.B N = 5,4.1012 'IQC •• , a AO BTO-
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12 poro • 8.10 .. ac•. llo·BB,nBMOMy, B 3TO 6y.D;eT nposepeHO 
B ,D;anJ.HeBWBX 3KCDepBMeHTaX, MaKCBManJ.HaJI BHTeHCBB· 

uocTh ny'IKa cBuxpoc)a3oTpoua ne)I(BT B 3TBX npe.D;enax. 

4. 3aKIIIO .. eHUe 

1. KaK noKa3&JIB 3ICcnepuweuTw, sse.neuBeM a3Bwy
Tan~tuwx ICoppeiCIUII "n " B opraHB3&UBei pe)JCJIMa BH)I(eJC:UBB 
y,naeTCJI DO,D;aBBT:b Bpe.ztBOe BJIIIJIHBe pe30HaHCOB 2vz-vr = 1 B 
2v r + 2v z = 3, COOTBeTCTBeHBO CHB3BT:b DOTepB 'laCTIIIl 
Ha Ha'l&n:bHOM 3T&ne yciCopeHBJI B nony'IBT:b HHTeHCBBHOCT:b 
ua yposue 1,5.10 12 p/uMn. )J;auuwe 3ICcnepBMeHTOB uaxo
.D;JITCJI B XOpOWeU IC&'IeCTBeHHOY COOTBeTCTBBB C pa3BBBae • 
MLIMB B pa60Te TeOpeTB'IeCICBMB npe,ncTaBneHBJIMB. 

2. )J;an~tuetmBe :JICcnepBueuTan~tuwe pa6oTw no nosw
weHBJO BHTeHCBBHOCTB, C aawei TO'IKB 3peHBJI, ,D;On)I(HLI 
npOBO,nBT:bCJI B cne,nyJOIIliiX OCBOBHLIX uanpasneHBJIX: 

a/ ycosepWeBCTBOB&BBe CBCTeM nporp&MMHLIX ICOppeK· 
UBi B .ztBHaMB'IeCICOY peliCBMe. fipB'IeM 3TO OTHOCBTCJI He 
TOnhiCO K ICOppeJCIU(II "n", BO B 1C ICOppeiCUBJIY a3BYyTanhHOi 
aCBYYeTpBB M&rBBT& B ero Ue.ztB&BHOi nnOCICOCTB. 

6/ ycosepmeBCTBOB&BBe peliCBYa BH)I(eJC:nBB c nenJ.JO 
uaiCcBuan~taoro 3anonaeBBJI pa6o11ei o6nacTB ICauepw yc
ICopBTena 'I&CTBUMB C MBBBY&n:bHLIYB &MnnBTy,naYB Ha· 
'l&n:bBLIX CB060.ztBWX ICOne6aBBi, OC06eHHO B pa,nBan:bHOY. 
uanpasneuau I onTBYB3&JUIJI pe)JCJIM& BH)I(eKilBB c uo.nynau
ei :JueprBB/. 

3. TeoJ)eTB'Iecue npe,ncTasneu•• o ICynouosciCou c.nsu
re pa.ztBan:bHWX B BepTBIC&n:bBWX 6eTaTpOHHLIX ICOne6aHBi, 
oco6eaao npB DOAXO~e ICnpe~en~taoi auTeucasuocTB ny'IICa 
/B 06n&CTB ~eiCTBBJI pe30BaBCOB 2v + v = 2 B r z 
v r + 2v z "' 2 I, •eJJATenltBO ~ononaBT:b 'IBCneauwuu pac-
'leT&MB no T01UIWM yp&BBeBBJIY ,qBB)I(eHBJI 'I&CTBJl. Ho .nn• 
:noro aeo6xo~o BMeTit 6onee ,neT&nhHYJO Buc)opu&llBJO 
Be TonJoiCo o TonorpatBB uarBBTuoro nona B pa6o11eu 
o61oeue ICauepw ycxopBTena npB onTBUanJ.Boi uacTpoiiCe 
AIIB&UB'IeCICBX ICOppeiCJUII, BO B 0 B&'l&n:bBOi c)yHICilBB 
J;acnpe,o;eneBB.. &MDnBTY~ CB060.ztBWX ICOne6&HBi 'laCTBil 
B pe.aue BB)I(eJCIUDI c uo~uuei 3BepraB BB)I(eiCTBpyeuo
ro nyqiCa. 
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B 3aKnJO'Ieaae asTopw swpa)l(aJOT 6naro.D;apuocT:b 
A.M.Iian,D;Buy, H.H.CeueBJOWICBHY 3& nouow~» B opraHB3a
UBB pa6oTw B BBTepec IC ee pe3yn~tTaTaM, B.A.Muxainosy 
3a none3uwe o6cyx<,lleHBJI, H.A.KopyiCosy, B.A.MoH'IBHCKo
uy, IO.B.CuupuoBy, li.H.Ky3BXBHY 3a yqacTBe B 3Kcnep&
ueuTax, a TaJC)I(e A.n.u;apeuiCoBy a r .A.IioKosy 3a BHc)op
uauBJO o pacnpe.o;eneBBB n (r) B pa3nB'IHWX pe)I(HYax pa-
6oTw CBCTeY ICOppeJCUBB Y&rHBTHOrO nonJI. 
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