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Eenos B.n. H llP· 9 - 11650 

MarHHTH8H crpyKrypa caHxporpoHa Jln!l ycKopeHHH T!llKenbiX HOHOB 

C B3MeHHIOWei!C!I 38p!IJlHOCTblO 

PaccMaTpBsaerc!l MarHHTH8H crpyKrypa CHHxporpoua, no3son!110Wa!l 

nyTeM nocreneHHOH 06JlllpKH ll0BblW8Tb cpeJlHIOIO 3ap!lllHOCTb ny'!Ka THl!<enblX 

KOHOB B npouecce ycKopeHHH. TeM caMbiM OTKpbiBaeTC!I nepcneKTHBa yseml'le 

HBH KMnynbCHOll HHTeHCHBHOCTH yCKOpHTenH 3a C'leT MHOroo6opoTHOII HHlKeK

UHH C nepe38p!IJlKOII, 8 T8KlKe UOBbiWaeTC!I a¢l<jleKTBBHOCTb B38HMOJleiiCTBHH 

BOHOB C aneKTpOM8rHHTHblM noneM. nHcnepCHOHH8H ~yHKUH!I CTpyKTypbl 

JlOCTaTO'IHO Mana (- 0,5 M) aa seeM nepiiMerpe caaxporpoaa B pasHa ayn10 

B OTJlenbHblX npHMOnHHeiiHblX npOMelKyTK8X, 3TO n03BOnS!eT OJlHOBpeMeHHO 

yCKOpHTb cneKTp 38psnHOCTeil HOHOB H ocyWeCTBn!ITb nepe3ap!lllKY 6e3 B03-

6ylKJleHKH 6erarpOHHbiX Kone6auuii. PeaynbTaTbi pac'leToB, BbmOnHeHHbiX 

8H8nHTH'IeCKH K 'IHCneHHO C npHMeHeHHeM 38M, llOKa3anH B03MOlKHOCTb 

OJlHOBpeMeHHOrO YCKOpeHHSI CneKTpa 38p!IJlHOCTell HOHOB (~q/q) ~ ~0,1 
npH yCnOBHH KOMlleHCaUHH p836poca '18CTOT 6eT8TpOHHblX Kone68HHii OT 

38pSIJl8 C llOMOWblO KBaJlpaTH'IHOll H Ky6B'IHOII aenBHeiiHOCTeii MarHHTHOrO 

non st. 

p a60T8 BblnOnHeH8 B na6opaTOpBK BbiCOKBX aHeprHil 011.fll1. 

Coo6meaae 06be)lBHeHHOro KHCTHTyT8 !lllepHhlX accnenosaaall. ny6aa 1978 

Belov V.P. et aL 9 - 11650 

The Lattice of the Synchrotron for Acceleration of Heavy 
Ions with Changing Charge 

The lattice of the synchrotron is considered which permits 
the mean charge of a heavy ion beam to be increased in the 
course of acceleration by means of gradual stripping. Thus, this 
offers promise for increasing the accelerator pulse intensity due to 
multiturn injection with overcharge. The efficiency of ion interaction 
with the magnetic field is also increased. The dispersion function o 
the structure is small enough ( - 0.5 m) along the whole perimeter 
of the synchrotron and is equal to zero in several straight sec
tions. This enables one simultaneously to accelerate the ion charge 
spectrum and to perform overcharge without excitation of betatron 
oscillation. The calculation made analytically and numerically, using 
computers, have shown that a si'Tlultaneous acceleration of the ion 
charge spectrum (~q/q) =±0.1 is possible in the case of compensa
tion of the dependence of betatron oscillation frequencies on charge 
by means of quadratic and cubic nonlinearities of the magnetic 
field, 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'be.QBHeHHblJI BHC7'Bf'YT SlllepHblX BCClle.QOBBHBJI /Iy6HB 

1. BBE/!EHHE 

B pa6o.Te I l/ npase.neuo onacauae pe.lKHMa HaKonneHHJI 

H CHHXpOTpOHHOrO yCKOpeHHJI T JI.lKeJibiX HOHOB, HaXO,IJ;JIUUIX

CJI B pa3Hb1X 3apJI,D;OBbiX COCTOJIHHJIX. Kpo:Me TOrO, DOKa-

3aHO, qTO nyTeM DOCTeneHHOH o6,nHpKH MO.lKHO DOBbiWaTb 

cpe,nHIOIO 3apJI,D;HOCTb nyqKa HOHOB B npou;ecce YCKOpeHHJI. 

TeM caMbiM OTKpblsaeTCJI nepcneKTHBa ysenHqeHHJI HM

nynbcQ.oi HHTeHCHBHOCTH YCKOpHTeJIJI, a TaK.lKe DOBbiWaeT· 

CJI 3~eKTHBHOCTb B3aHMO,D;eHCTBHJI HOHOB C 3JieKTPOMar

HHTHbiM DOJieM. 

HacTOJIIIJ;aJI pa6oTa co.nep.lKHT no.npo6uoe paccMoTpeHHe 

MarHHTHOH CTPYKTYPbl ycKopHTeJIJI TaKoro THna. KpaTKHe 

cse,neHHJI 6biJIH pauee ony6JIHKOBaHbl B ,noKna.ne /2/. 

CTpyKTypa o6na.naeT uecKOJibKO ueo6blqHbiMH ,nHcnep

CHOHHbiMH xapaKTepHCTHKaMH H o6ecneqHsaeT yCTOHqH

BOCTb KOJie6aHHH HOHOB, 3apJI,D;HOCTH KOTOpbiX o6pa3yJOT 

cneKTp. 

Pa.D;HaJibHOe pacxo.lK,neuue 3aMKHYTb1X op6HT HOHOB, 

OTJIHqaJOIIJ;HXCJI 3apJI,D;HOCTbiO, COCTaBJIJieT 

~q 
p(s) ::; - t/J(s)-, 

qo 
/1.1/ 

r.ne t/J (s)- ,nHcnepcHOHHaJI cilYHKUHJI, ~q - pa36poc 3apJI,n

uocTei, q 0 - 3apJI,nHOCTb Houa, uaxo,nJIIIJ;erocJI ua ocH 

BaKyyMHOH KaMepbl. 

lloCKOJlbKY ,D;JIJI y,D;ep.lKaHHJI cneKTpa WHpHHOH 2j~qj 
Tpe6yeTCJI pa,nHaJibHOe yWHpeHHe KaMepbl Ha BeJIHqHHY 
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'0./J(s) 1~~ 
<lo ' 

cne~yeT cTpeMHTLCB K co3~aaaw CTPYKTYP 

c Manoii ~acnepcaeii:. 
llepe3aps~Ka aoaa He conposo~aeTcs so36y~eaaeM 

6eTaTpOHHLIX Kone6aaaii:, ecna oaa npoacxo~HT aa a3a
MyTax, r~e 

t/1 =0, t/1' =0. s 11.21 

llpaKTH'IeCKH ~ns pa3Memeaas nepe3aps~aoro ycTpoii:
CTBa ~OCTaTO'IHO O~HOrO y'laCTKa KOnL:Qa ~nHHOH 1 M. 

O~HaKo H3BecTHLie TPY~HOCTH, css3aHHLie c o6ecneqeaa
eM YCTOH'H'OCTH KOne6aHHH B CHCTeMaX C ManLIM 'IHCnOM 
nepHO~OB S , BLIHy~aiDT OCTaHOBHTLCB Ha CTpyKType 
c BLICOKoii nepao~H'IHOCTLID. Ocaosaoe BHHMaaae y~ens
noeL CHnLHOcllOKYCHPYJOIQeii: nepHO~H'IeCKOH CTPYKType, B 
KoTopoii: ycnosas I 1.21 swnonaswTcs B npsMonaaeii:aoM 
npoMe)l(yTKe Ka)l(~oro :meMeHTa nepao~H'IHOCTH 121. 

B KOnL:QeBOH CTPYKType, r~e t/J(s) Mano BCID~y, aHa 
HeKOTOpLIX y'laCTKaX ~a:>Ke paBHO HyniD, K03cllcllH:UHeHT C:>Ka
THB Op6HT HeH36e:>KHO OKa3LIBaeTCJI O'leHL ManLIM (a- HJ-2), 
'ITO none3HO C TO'IKH 3peHHB · yMeHLWeHHB B036y:>K~eHHB 
caaxpoTpoaawx Kone6aaaii: npa nepe3aps~Ke I 11, 

qaCTOTLI 6eTaTpOHHLIX KOne6aHHH HOHOB 3aBHCBT OT BX 
3apB~HOCTH; BLipaBHHBaHHe 'laCTOT ~OCTHraeTCB BBe~eHH· 
eM aenaaeiawx MarHHTHLix noneii: I ceKcTynonLHLIX a, 
B03MO:>KHO, OKTynonLHLIXI. 

,l),ns HCcne~OBaHHB MHOrOKOMnOHeHTHOrO HOHHOrO nyq
Ka TeOpHH ~BH:>KeHHB, nHHeiHOi no ~q/q O, OKa3LIBaeTCB 
He~OCTaTO'IHO. il03TOMY B ~aHHOi pa6oTe onacaHHID OC0-
6eHHOCTei MarHHTHOi CHCTeMLI npe~eCTByeT H3nO:>KeHHe 
TeOpHH 6eTaTpOHHLIX KOne6aHHi, Y'IHTLIBaiDIQei 6onee BLI
COKHe. C:!'_eneHH OTKnOHeHHI 3apB~HOCTH OT cpe~Hei. fipH 
pa3pa6oTKe warHHTHoi CTPYKTYPLI caaxpoTpoaa npHHBT 
BO BHHMaHBe pa~ BLIBO~OB 06IQero xapaKTepa, BLITeKaiD· 
IQIIX H3 uenaueiuoi Teopaa 6eTaTpOHHLIX Kone6auai. 

6onLWaa 'laCTL KOHKpeTHOi HHcllOpMa:QHH no CTpyKTy
pe 6wna nonyqeua ua 3BM c acnonL3osauaeM nporpaMM, 
awewiQHxcs s JIB3 OHJIH. 
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2. HERHHEHHARTEOPHR 
IIOIIEP El.JHOTO ,4BH)J(EHH.R 

Ypasaeaas ~BH:>KeHHB aoaa c HMnynLCOM p = P 0 + ~P 
H 3aps~OM q = q O + ~q B CHHXpOTpOHe C CHnLHOH clio-
KycaposKoii HMeiDT sa~ I 41 

x"+k 2[1-n+(n-2)~]x = k~-k 3 (1+ ~ n 1 -2n)(1-~)x 2 + 

1 3 2 4 1 3 +-k n 1(1-~)y -k (n -n --n )(1-~)x -
2 1 6 2 

1 4 2 - 2 k n 2 (1-~)xy + •.• 12.1/ 

y "+ k 2 n(1- ~)y = k 3 (n c 2n)(1- ~)xy + 

4 1 ) 2.. 1 4 ) 3 + k (2n 1 - n- 2 n2 )(1- ~ x -y + Sk n2 (1- ~ y + ... ·12.21 

r~e wTpax - npoH3BO~aas no ~naae ~yra s, 

~ 
(~p/po) -(~q/q o) 

1 + (~p/p 0) 

m 1 
n = (-1) 

m-1 kmH 
Yo 

m a Hy
0 k ax m 

eq 
__ o __ H 
p

0
c Yo 

B npaKTH'IeCKH HHTepecawx cnyqasx ~ = 0,1 , 

I~PI qo 
--- = 0,01, TaK 'ITO ~ onHCLIBaeT B OCHOBHOM 3aps~OByiD 

Po 
~cnepcaw ny'IKa. Ypasaeaas 12.11, 12.21 onpe~ensiDT 
aa6op paBiiOBeCHLIX op6HT HOHOB pa3HLIX 3apS~HOCTeii: q C 
HMnynLCOM p; 6eTaTpOHHLie KOne6aHHB COBepwaJOTCB 
C 'laCTOTaMH 1J X, y (ql OTHOCHTenLHO HHX. 

Ilpa aaanHTH'IeCKO"-'~ accne~osaaaa nonepeqaoro ~sa
)l(eHHB 3aMKHYTLie op '-bl H 1.faCTOTLI 6erarpOHHLIX Kone-
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6aHHH HOHOB pa3HblX 3ap.II,D;HOCTeH HaXO,D;.IITC.II no TeOpHH 

B03MyiUeHHH B BH,D;e p.II,D;a no CTeneH.IIM ~. PeweHHe ypaB

HeHH.II 12.11 npe,D;CTaBHM B BH,D;e 

X=p+~, 12.31 

r,D;e p - 3aMKHyTa.ll op6HTa HOHa C 3ap.II,D;OM q H HMnynLCOM 
p: 

2 
p = t/J~ + t/J 1 ~ + ... ' 12.41 

npH'IeM t/J .IIBn.lleTC.II 06bi'IHOH ,D;HCnepCHOHHOH cl>YHKUHeii, 

HCnOnL3yeMOH B TeopHH UHKnH'IeCKHX YCKOpHTene:ii. t/J , 
t/J 1y.D;OBneTBOp.IIIOT ypaBH8HH.IIM, BLITeKaiOIUHM H3 12.11: 

tjJ" + k 2 ( 1 - n) t/J = k , 

t/J~ +k
2
(1-n)¢

1 
=(2-n)k

2
¢ 

3 2 1 
- k tjJ ( 1 + "2 n 1 - 2n) = k 1 , 12.51 

peweHH.II KOTOpLIX MO)I(HO npe,D;CTaBHTL B BH,D;e 

tjJ iJ.LXM 11 k 

I 1 I = -
1
- < [ 

8 f I k I ¢ * ds + 
lf't i/wl i!l:KM 0 1 x 

1- e 

s k 
+ f l k I¢* ds] ¢ + K.c. > . 

0 1 X X 

3,D;eCL ¢ x , ¢ ~ - cl>YHKUHH <l>noKe ,D;n.ll ~ = 0 ; 
MO,D;ynL BpOHCKHaHa, ll - nepHMeTp op6HTLI , 

nepHO,D;OB. 

6 

12.61 

/wl = 2M
M- 'IHcno 

YpaBHeHH.II 6eTaTpOHHLIX KOne6aHHH OTHOCHTenLHO op-

6HTLI 12.31 C TO'IHOCTLIO ,D;O qneHOB -~ 2 
HMeiOT BH,D;: 

~, + k 2(1-n)~ = -k 21[ (n- 2) + 2kt/J(; + _!_n 1 - 2n)]~ + 
2 

+[2k(t/J -t/J)(1+_!_n -2n)+3k2¢ 2(n -n-_!_n )]~ 2 l~-
1 2 1 1 6 2 

3 1 1 -k [(1+ -n -2n)(1-~) +3kMn -n- -n )(t/J-t/J ~)x 
2 1 1 6 2 1 

x(1-M]~ 2 + _!_k 3 [n (1- ~) - kn 2 ~(1-M x 
2 1 

x(t/J+t/Jl~)]y2-k4(nl-n-! n2)(1-~)~ 3-

1 4 2 - "2 k n 2 ( 1 - ~ )~ y + . . . ; 
12.11 

y" + k 2 ny = k 2 1[ n + kt/J (n C 2n) ]~ + 

+[k(¢
1
-t/J )(n 

1
-2n) +k 2(2n

1
-n _ __!_n;>¢ 2 ]~2 1y + 

2 

+ [k 3 (n 1 -2n)(1-~)+2k4 (2n 1-n- ~ n;>(1-~)(t/J+t/J 1 ~)~.]y~ + 

4 1 2 1 4 3 
+k (2n 1-n- -n 2)(1-~]y~ + -k n 2(1-~)y + 

2 6 12.8/ 

113 ypaBHeHHH 12.11, 12.81 cne.D;yeT, 'ITO cymecTByeT 

CHnLHa.ll 3aBHCHMOCTL 'laCTOT 6eTaTpOHHLIX KOne6aHHH OT 

BenH'IHHLI ~. 

llpH YCKOpeHHH ny'IKa HOHOB C WHpOKHM cneKTpOM 3a· 

p.II,D;OB He06XO,D;HMO npHH.IITL MepLI .D;n.ll Cy)l(eHH.II nonOCLI 

'laCTOT v x (q), V y(q). 3TOrO MO>KHO ,D;OCTHrHyTL, COrnaCHO 

12.11, 12.81, BBe,D;eHHeM perynJipHLIX CeKCTynonLHLIX 134>· 
cl>eKT "' ~ I H OKTynonLHLIX I 34>cl>eKT "' ~ 2 I KOMnoHeHT 

MarHHTHoro nonJI Ha Tex a3HMyTax, r.D;e t/J -1= 0. llpH 

3TOM 3aBHCHMOCTL 'laCTOT 6eTaTpOHHLIX KOne6aHHH OT 

3apJI,D;HOCTH 6y,D;eT onpe,D;enJITLCJI qneHaMH "' ~ 3 
• 
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BBe)l.eaae aenaaeB:aocTH MarHBTHoro nonJI Bb130BeT 

3aBHCHMOCTb 6eTaTpOHHbiX 'laCTOT OT KBa)l.paTOB a:MnnHTYJJ. 

BepTHKanbHbiX H pa)l.HanhHbiX KOne6aHHB. 3Ta 3aBHCHMOCTb 

MOlKeT 6b1Tb cna6oB: npa y.ZJ.a'IHOM pa3Me~eHHH aenaaeB:HbiX 

3neMeHTOB. 

Cornacao 12.7 I, 12.81 qacTOTbl 6eTaTpOHHbiX Kone6a

HHB MOlKHO npe)l.cTaBHTb B BHJJ.e PJIJJ.a 

v x,y = v (O) + ov ( 1) . /), + 0 v (2) . /), 2 + 
x,y x,y x,y 

+ ov ( 3) I a I 2 + 8v ( 4) I a I 2 
x,y x x,y y + ... ' 12.91 

r)l.e v ~~~ - 'laCTOTbl KOne6aHHB HOHOB C HMnynhCOM p O H 

3apJIJJ.OM q 0 , a 

ov (1)_ 
X -

ov (1)-y --

1 '" a ~Y aHY 2 
f(--t/1- --)1¢ I ds; 
0 ax 2 ax X 

12.101 
2rrlwiHR 

'" a2
H aH 

1 f (--y t/1 - _Y)j¢ y 12ds; 
&rlwiHR o ax2 ax 

12.111 

2 3 
'"aH 1 aHy2 2 

8v(2)= __ 1 __ f[---Y(t/J ~)+~ --3 t/1 ll¢xl ds; 
X 2rrlwiHR 0 ax 2 1 

2 ax 12.121 

(2) 1 '" a2Hy 1 a3H 
ov =- f (- --(t/J ~)+- t/J 2-~]1¢ 12ds. 

y 2rr I wl HR 0 ax 2 1 2 ax 3 y 

12.131 

cl>opMynbl )l.nJI ov(~:;) BBH)l.Y HX rpOM03)l.KOCTH npaBe

)l.eHbl B npanolKeaaa II- 1. 
3JJ.eCb acnonb3oBaHbl TonhKO rnaBHble qneHbl B ypaa

HeHHJIX 12.7 I, 12.81. YcnoaaeM cylKeHHJI nonocbl qacToT 

6eTa TpOHHbiX KOne6aHHB HOHOB B nfl'IKe JIBnJieTCJI o6pa

~eHHe B Hynh K03~HUHeHTOB ov i,§ , OV ~~~ B MH· 

.8 

HHMH3aUBJI ov ~~~ , ov ~~~ npH 60nbWOM 3MHTTaHCe 

ny'IKa. Bbi'IHcneaae HHTerpanoB 12.101-:-12.131 ae npe.ZJ.

cTaBnJieT 6onbworo Tpy)l.a: JJ.OCTaTO'IHO TO'IHble pe3ynhTaTbl 

nony'laiOTCJI npa 3aMeHe t/1, t/1 1, 1¢ I 2 ax cpe.ZJ.HHMH x,y ~ 

3Ha'leHHJIMH B MecTax pacnonolKeHHJI aenaaeaablx 3neMeH-

TOB, ecna OHH KOpOTKHe. 

Hanpa:Mep, npa CHMMeTpH'IHOB CTPYKType 3neMeHTa 

nepHO)l.H'IHOCTH C pa3)l.eneHHbiMH 41YHKUBJIMH 3aBopoTa H 

4!oKyCHpOBKH ycnOBHJI KOMneHCaUHH C)l.BHra 6eTaTpOHHbiX 

'laCTOT no X- H Y""HanpaBneHHJIM npHHHMaiOT BH)l. laena

HeBHOCTH BKniO'IeHbi BO BCe KBa)l.pynonhHhle MarHBTbii: 

a 2H __ Yj 
ax 2 X, y 

aHx 
ax 

3 a H Y aHy 
--1 =2--ax 3 x,y ax 

fKB 

f 1¢ I 2 ds 
0 X ,y 

fKB 

£ t/1 I¢ x) 
2 

ds 

fKB fKB 

£ lcf>x,y Ids·£ (¢~ 1 )1¢x,yl
2 ds 

f KB f KB 
2 2 2 

[ t/1 1¢ x,yl dS·£ t/Jicf>x,yl ds 

12.141 

r)l.e eKB - 3~eKTHBHaJI )l.nHHa KBa)l.pynonJI. YcnOBHJI O)l.HO

BpeMeHHO BblnOnHJIIOTCJI no lr -H Y- )l.BH)I(eHHIO, ecnH t/J, 
t/1 1 Mano H3MeHJIIOTCJI B npe)l.enax KBa.ZJ.pynonbaoro MaraaTa: 

a2
HY 1 aHY 

ax2 <'I'> ax 

a3 H 
-~-Y __ 

ax3 -

2<¢ - ¢ > aH 
~---1- __ Y_. 

<t/1 > < t/1 2 > ax ' 
12.151 

yrnoable cKo6Ka o6o:J'n'laiOT ycpe.ZJ.Heaae no )l.naae KBa.ZJ.

pynonJI. Ecna t/J a = • a KBa.npvnon.llx H3MeH.IIIOTCJI canb-
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HO H cy~eCTBeHHa $OKYCHpOBKa B AHnOnSX, TO senHqHH~ 
CeKCTynonbH~X KOMnOHeHT HaXOASTCS H3 COBMeCTHOrO 
peweHHS CHCTeM~ ypasHeHHH 8v ( l) = 8v ( 1) = 0 . 

X y 
BnusHHe ceKcTynonLH~x 3neMeHTOB Ha cMe~eHHe qac-

TOT cor naCHO /III, 1/ -;-jii- I ,4/ CKa3~BaeTCS TOnbKO BO 
BTOpOM npH6niDKeHHH MeTOAa ycpeAHeHHS, H, ecnH Heo6-
XOAHMO, KoppeKU.HIO 3TOrO CMe~eHHS YA06HO npOH3BOAHTb 
C noMO~biO OKTynoneii, ycTaHOBneHH~X B MeCTaX, rAe t/J=O. 

CneAyeT OTMeTHTb, qTo, cor nacHo ypasHeHHSM /2.7/, 
/2.8/, KOMneHCaU.HS pa36poca qaCTOT HOHOB C pa3H~MH 
3apsAaMH 6yAeT TOqHOH, ecnH BBOAHTb ceKCTynonbH~e 

H OKTynonbH~e nons HenocpeACTBeHHO B AHnOnbH~e H 
KBaApynonbH~e MarHHT~ H onpeAeneHH~M o6pa30M H3Me
HSTb ux cuny no AnHHe 3THX MarHHTOB. TorAa $yHKU.HH 

cl>noKe He 3aBHCST OT /1. 

B npoTHBHOM cnyqae $yHKU.HH cl>noKe Ans HOHOB c 
pa3H~MH q 6YAYT OTnHqaTbCS APYr OT Apyra, qTO npuse
AeT K AOnOnHHTenbHOMy, He CBS3aHHOMY C BenHqHHOH p 

/eM. /2.4/ I, H3MeHeHHIO oru6aiO~Hx nyqKa. 
0TMeTHM TaK:>Ke, qTO BKnJOqeHHe perynspH~X Henu

HeHHOCTeH MarHHTHOrO nons npHBOAHT K nossneHHIO CTpyK
TypH~X pe30HaHCOB 3-ro H 4-ro nopSAKOB H cneAyeT 
B~6HpaTb pa6oqyiO TOqKy BAanH OT HHX. 

3. TPHIIJIETHA.H MATHHTHA.H CTPYKTYPA 

a/ OcHOBHble xapaKmepucmuKu 

B KaqecTse npHMepa paccMoTpHM npocTeiiwyiO CHM
MeTpHqHyiO CTpyKTypy, 3neMeHT nepHOAHqHOCTH KOTOpOH 
COCTOHT H3 TpHnneTa KBaApynoneii H ABYX AHnoneii. XapaK
TepHCTHqe CKHe liJyHKU.HH nepHOAa npeACTasneH~ Ha pUC. 1. 
B ma6A. 1 AaH~ OCHOBH~e napaMeTp~ CTpyKTyp~. 

Ta6Aufla 1 

IIepHMeTp 
qHCnO 3neMeHTOB nepHOAHqHOCTH 
)J.nHHa OAHOrO 3neMeHTa 
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150M. 
12. 
12,5 M. 

,L{nHHa 6onLworo npoMe:>KyTKa 
,L{JIHHa AHnOnbHbiX MarHHTOB 
,L{nHHa KBaApynoneii 
MarHHTHas :>KeCTKOCTb 
MaKCHManbHOe none s AHnonsx 
MaKCHManLH~ii rpaAHeHT nons G 
B $oKyCHpyiO~HX no X KBaApynonsx 
B Ae$oKycupyiO~X no x KBaApynonsx 
qucno 6eTaTpOHHWX Kone6aHHii Ha o6opoT 

(!1 = 0) no x 
no y 

CeKcTynonLHas KOMnoHeHTa 

B $oKycupyiO~X no X KBaAPY
nonsx a 2Hjax 2 
B Ae$OKYCHPYIO~HX no X KBaApynonsx 

0KTynonLHaS KOMnoHeHTa 

B U.eHTpanbHOM KBaApynone a 3Hjax 
3 

6 

4 

2 

0 

3,88 M •. 

2,26 M. 

0,60 M. 

6,32 T • ..w. 
0,7317 T. 

9,709 T/M I 

11,201 T/M. 

7 ,28, 
3,32. 

22 Tj..w2 
-35 T /M "2. 

-54 T/M~ 

Puc. 1. TpunAemHaJI ..wazHumHaJI cmpyKmypa. cJ>yHKflUU 
cl>AoKe u tjJ. 

11 



TpeMJI napaMeTpaMB, Heo6xo.IJ;BMbiMH .I{JIJI Bbl6opa pa-

6oqei TO'IKH H BblnOJIHeHBJl YCJIOBHJI axpoMaTH'IHOCTH, T.e. 

o6pa~eHH.s: t/1 B HYJIL B Ha'lane H KOHUe Ka)K,!J.oro nepHo.IJ;a, 

JIBJIJIIDTCJI rpa,D;HeHTbl nOJIJl B ~OKyCHpyro~eM H ,IJ;e~OKYCH· 
pyiD~eM KBa.IJ;pynOJIJIX H O,!J;HO Hl paCCTOJIHHB Me~.IJ;y 3Jle· 

MeHTaMH. 

Ha puc. 2 B o:gx '0¢oK., '0Ae¢oK. H306pa)l(eHa OCHOB

HaJI 06JiaCTL YCTOH'IHBOCTH, npHMbiiCaro~ag K Ha'laJiy KOOp· 

){BHaT, H O.IJ;Ha Bl no6o'IHbiX o6nacTei, co,IJ;ep~a~ag nu

HBID 1/J "'0. 

G Tl 1 ;n 
lc 

8 

4 

I 
II 
I 0 

0 

/ 
I 

I / 
v 

1/ 

/ ~ 
/ 

/ 
/ 

I 

4 

,,..-
II./ 

I 
8 

~ 

...... v 

12. G Tl 
~ /N 

Puc. 2. 0611acmu ycmoilt~ueocmu 6emampoHHbiX KoAe6aHuil. 
0 dl, 0 A - zpaoueHIIIbl n0/1.11 6 fPOKycupyiOUieM u oe,PoKycu
P>'K>UieM KeaopynoAJIX. 

B ocuosuoi o6nacTB ycTOB'IBBOCTH ycnosue axpoMaTBl

Ma CTPYKTYPhl ue BLinOJIHJieTcJI. Ha puc. 3 noKaJaHa no,IJ;

po6uo o6nacTL ycToi'IHBOCTH, npe.IJ;cTasnJiro~ag HHTepec 

,I{JIJI uawei uenu. 3.IJ;ecL npose.IJ;eHLI JIHHBH uenwx v x, v Y 

H JIHHHJI t/J "'0. 06JiaCTL HMeeT BepTHICaJILHhiB pa3Mep, co

CTaBJIJIID~HB 911/o no '0 Ae¢oK. • 

12 

G1 "% 

12 

{1 

~'1=6 

~~:4 

o 9 ro t'l 12 G• T/tt 

Puc. 3. 0611acmt. ycmoilt~ueocmu, noAoJKeHue pa6otteil mot~KU 
U /IUHUJI t/J :0. 

Ha pHCYHKe noiCa3aHa pa6oqag TO'IKa, COOTBeTCTByiD· 

~g fl = 0, H pa60'IHe TO'IKB HOHOB COCe,IJ;BHX Jap.H,D;HO· 

cTei, npuneram~ux K cpe.IJ;Hei (q 0 :45). BB.IJ;HO, 'ITO qac

TOThl ICOJie6aHHB CHJILHO JaBHCJIT OT fl. 
Kol~Hu;HeHThl xpoMaTH'IHOCTB, Bhi'IHCJieHHhle no ~op-

MynaM /2.9-2.11/, paBHhl: 

av 
~xl 
all A=o 

=llv (1) 
X 

M aH 
---~(-Y)_ <1¢ l~>f.=-14,6; 
2771wiHR i ax 1 

X 
1 1 

avy ( l) M aH y 2 - I A-
0 

= sv = - ~ <-) . < I¢ I . > c =- 22.2. all - y 2771 wl HR i ax 1 y 1 I 

/3.1/ 

CyMMHposauue se.IJ;eTc q no KBa,IJ;pynonJIM nepuo,IJ;a. 

13 



Ilpu pac'leTax Ha 3BM uaii,IJ;eHhl 3Ha'leHHJI 6eTaTpou
HhiX 'laCTOT: 

v (~ = 0) = 7' 283' 
X 

v (~ = 0) = 3,325' 
y 

V X (~ = 0,01) = 7,129, V y(~ = 0,01) = 3,093, 

v (~ = -0,01) = 7,444, v (~ = -0,01) = 3,573' X y 

OTKy,IJ;a 

av 
~-1+0,01 =-15,4; 

av 
--I = -23,2; 
a~ +O,o1 

av 
aA-1 =-161 

L\ -0,01 ' ; 

~-1 =-24,8. 
a~ -o.o1 

13.21 

Cosna,IJ;euue c 13.11 cne,IJ;yeT npH3HaTL xopowHM, no

CKOJILKY paC'IeTbl BhlllOJIHJIJIHCL C y'leTOM HeJIHHeHHOH 3a

BHCHMOCTH pa,IJ;HaJILHOrO OTI<JIOHeHHJI op6HT OT ~. 

6/ KoMneHcaZJUJI 3aeucuMocmu 6emampoHHbrx 
"'aCI/IOIII 0111 3ap.ROHOCIIIU U Keaopamoe aMnAUIIIyO 

)l;JIJI KOMlleHCa~HH 3aBHCHMOCTH 'laCTOT OT 3apJt,IJ;HOCTH 

BBe,IJ;eM B KBa,D;pynOJILHhle MarHHTLI ceKCTYllOJILHhle llOJIJI, 

CHJIY KOTOphiX onpe,IJ;eJIHM H3 CHCTeMhl ypaBHeHHH, CJie,IJ;yiO

II.UIX H3 tiJopMyJI 12.101, 12.111 H 13.11 IBH,IJ;eKChl <!J H A 
OTHOCJITCJI K tiJoxycupyiOmeMy u ,D;etiJoxycupyiOmeMy no x 

KBa,D;pynOJIJIMI 

a2
H a2 H 

2:--Y) <1¢ 12 0> + (--_L) <!d.> 12t/F> = 14 6~1wl H~ ax 2 <P X <P ax 2 A X A ' e . M ' 
KB 

13.31 2 2 
a Hy 2 a Hy 2 2rrlwiHR 

2(--2 ),},<1¢ I t/F>,}, +(--) <1¢ I t/F> =22,2---, 
ax 't' Y 't' ax 2 A Y A f ·M 

KB 

14 

OTKy,IJ;a 
2 a H Y 2 

{--) = ID T/M , 
ax 2 4> 

a2 H 
( __ Y) -

ax2 A --32 T/M 2, 13.41 

Pac'leThl ua 3BM ,IJ;aiOT onTHMaJILHhle 3Ha'leHHJI cex-

cTynonLHhiX noneii 

a2Hy 2 
(--),}, = 22 T/M ' 

ax 2 't' 

a2H 
( y ~)A =-35 T/M2. 13.51 

cornacyiOmuecJt c 13.41. 3MHTTauc nyqxa nonarancJt Ma

JihiM I ( x Y = 1 o eM ·Mpaol, '1To6hl ucKJIIO'IBTL snuJtuue 

'IJieHOB 'ov<~~y<4'> B pJt,D;Y 12.91. B 3TOM cnyqae pa36poc 

6eTaTpOHHhiX 'laCTOT COCTaBJIJleT ~v x = 0,08, ~v y = 
= 0,04 npH H3MeHeHHB 3apJI,D;HOCTH B npe,D;eJiaX -0,1 :::;:~<;;!),1, 
TaK 'ITO npBMeHeHBe OKTYllOJieii ,IJ;JIJI KOMlleHCa~BB 3(lclleKTOB 

- ~ 2 JIBJIJleTCJI H3JIBWHBM. 3aBBCBMOCTL v X'v y OT ~ llpB 

MaJioM 3MHTTaHce nyqxa npe,D;cTasneua ua puc. 4. OxTy

nonLHaJI KOppeK~HJI He npBMeHJleTCJI. 

IlpH 60JILWBX 3MBTTaHCaX CMemeHBe 'laCTOT 6eTaTpOH

HhiX KOJie6aHBH OKa3b1BaeTCJI 6onee cymecTBeHHhiM. Aua

JIHTH'IeCKyiO 3aBBCBMOCTL 6eTaTpOHHhiX 'laCTOT OT 3MBT

TaHCa npB BKJIIO'IeHHhiX CeKCTyllOJILHhiX JIBH3aX Haii,IJ;eM 

H3 4JopMyn 12.91, III.I.2 7 II-1.41 (lal 2 
x,y 

~v (f) = -0,97 f - 1, 7 5 f , 
X X Y 

~v (f) = -1,72c + 17,0f , 
y X y 

I ( x,y H3Mepa:eTCJI B CM. paol. 

~): 
= 2lwj 

13.61 

IlpH pac'leTe Ha 3BM COOTBeTCTBYIOII.Uie 3aBBCHMOCTH 

BMeiOT BB,IJ; 

-2 
~v(f)=-2,4f -1,2-10 f, 

X X Y 

~v (E) = - 2,5£ + 12,2£ • 
y X y 13.71 
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'l/6 
-0,1 0 

3.,.34' 

/ 
v-

v 3,.oJU 

3,26 

322 
-o.f 0 

~X 

~. 

-...... 
"' 

0,1 

"" 

D.q, 

flo 

ql Af/, 

1· 
Puc. 4 .. 3aeucuMocmb t~acmom 6emampoHHbiX KoAe6aHuii om 
3apJIOHOCIIIU npu HQAU'lUU CeKCIIIynOAbHOU KOppeKijUU. 

-2 
,lJ,JIJI 3MHTTaHCOB l x,y = 10 CM·paO H TO'IHOCTH Ma-

WHHHhiX pac'leTOB flv/v- 10-S COOTBeTCTBHe /3.6/, /3.7/ 
JIBJIJieTcJI y~osneTsopHTeJI:&HhiM. Cornacuo /3.6/, /3.7 I 
HaH60JI:bWHM JIBJIJieTCJI CMe~eHHe BepTHKaJI:bHOH 'laCTOThl 
- l • ,lJ,JIJI KOMneHCa~HH 3TOrO 3cl>41eKTa ~OCTaTO'IHO BBeCTH 
KytfH'IeCKYIO HeJIHHeHHOCT:b B ~eHTpaJI:bHhiH KBa~pynOJI:b. 
Bcne~cTBHe ManocTH fbyuK~HH 1¢ xI s ~eHTpe uenuuei
HOCT:& BJIHJieT TOJI:bKO Ha BepTHKaJI:bHOe ~BH>KeHHe. 

BeJIH'IHHY KOMneHCHPYJO~eii Ky6uqecKoii uenuueiiuo
CTH onpe~eJIHM no fbopMyJiaM /II-1.2, II-1.4/. 

16 

CMe~euue qacTOThl paauo 

y6 Mf (1- Ll) a3H 
Llv (K ~ = 1¢ I 2 

(t 1¢ I 2 
- 2£ 1¢ I 2)--Y = 

y 8rrlwi 2HR y ~ y y A X X ~ ax 3 

-2 
= 10 (21,5£ 

y 

a3
H 

-0,4£ ) __ Y_ 
X ax3 

a3
H I ~ H3MepnTcJI a T/M 3/. 

ax a 

Ky6uqecKyJO uenuueiiuocT:& uaii~eM H3 ycnoBHJI paaeu-
CTBa HYJIJO C~BHra 'laCTOThl flv (f) + flv (KY6 .) npH npOH3-
BOJI:bHOM f 

y y 
y 

3 3 a Hy =_ 57 T/M · 
ax 3 

OnTHMaJI:&Hoe 3Ha'leuue OKTynon:&uoro rpa~HeHTa, no

a3H 
nyqeuuoe ua 3BM, ___L_ = -54 T/M 3.0KTynon:&HaJI 

ax a 
KOppeK~HJI Bhl3biBaeT He3Ha'IHTeJI:bHOe CMe~eHHe 'laCTOThl 
pa~HaJI:&HhiX KOJie6aHHH. 3aBHCHMOCT:b 'laCTOT 6eTaTpOHHhiX 
KOJie6aHHi OT 3apJI~HOCTH npH pa3HhiX 3MHTTaHCaX ny'IKa 
H BKJIJO'IeHHOH OKTynOJI:bHOH KoppeK~HH npe~cTaBJieHa Ha 
puc. 5. Tpu KPHBhle noMe'leHhl 'IHCJiaMH 1,5 H 10, KOTOphle 
npe~cTaBJIJIJOT co6oi 3MHTTaHChl s CM. Mpao /so acex cny-
'laJix £ = £ I. Hano>Keuue Tpex KPHBhiX ~pyr ua ~pyra 

X y 
. Llq 

Ha rpafbHKe Vy (--) no~TBep~aeT OnTHMaJI:bHOCT:b Bhl· 
Cio 

6opa OKTynon:&uoii c.ocTaBJIJIJO~ei. IIapa6onu'lecKHH xo~ 
KPHBhiX o6':bJICHJieTcJI BJIHJIHHeM 'IJieuos pa3no>KeHHJI s /2.9/, 
nponop~uouan:&Hhlx Ll2 • 

17 



.;1 

fD 

V2 I I I 
-o,l 0 OJ 

~ 
q,. Y.· ~ 

3,'{5 

3/+2 

3,38 

3.30 

0 Ql t:,.fJ. 

T 
Puc. 5. qac11f011fbl 6e111a111poHHbiX KOAe6aHuu e 3aeucuMOC11fu 
0111 3ap.11oHoc111u npu pa3HbiX 3MU11111faHcax. BeeoeHbl ceK
c11fynoAbHble U OK11fynOAbHOe nOAJI. 

e/ J(uazpaMMa 'laC11f011f u ozu6aKJUIUe KOAe6aHuu 

Ha puc. 6 npe.IJ.cTaaneHa pa6oqaJI KneTKa 6eTaTpOHHbiX 

'laCTOT C llHHHJIMH pe30HaHCOB )J.O 4-ro llOpJI)J.Ka BKllW'IH

TenbHO. 

KneTKa He CO,!J,ep*HT CTpyKTYPHbiX pe30HaHCOB, KOTO

pble B036Y*)J.aiOTCJI Ha rapMOHHKaX C HOMepaMH mM 
/M = 12 - qacno nepHO.IJ.OB CTPYKTypbl, m - uenoe qacno/. 

18 

I 

~ 

\ 6q\ ~0~ -! 0.. E =E :1-(0 Crlnpat] qo ... , J. "!/ 

6 \ 6q\4-0~ . qo - ' E. :£ = 10 en npa9 
.X 'j 

3,50 

3,25 

.3,00 

7.00 7,25 7,50 

vx. 
Puc. 6. Pa6o'laJI KAe111Ka 6e111a111poHHbiX 'laC11f011f. 

.6nH*aiiwaii CTPYKTYPHLiii peJoHaHc 4- ro nopR.IJ.Ka 4vy = 12 
B03HHKaeT Ha rpaHaue KneTKH. HJy'leHHe aepTHKanbHoro 

,!J,BH*eHHJI C llOMOIUbiO 3BM llOKa3LIBaeT, 'ITO OH He npo

JIBllJieTCJI B o6nacTH, r)J.e pacnono*eHbl pa6oqae TO'IKH. 

Ha .IJ.HarpaMMe qacTOT KpHBaJI /a/ npe.IJ.cTaBnJieT reo

MeTpH'lecKoe MeCTO pa60'IHX TO'leK HOHOB pa3HbiX JapJI)J.-

HOCTeH (I ~q\ <0 1) s ny'IKe c acqe JaroiUe ManbiM 3MHTTaHqo - , , 

-3 
coM I < x = < z = 10 CM Mpao/ .KpaaaJI /6/ xapaxTepaJyeT 

'laCTOTbl KOne6aHHH HOHOB C TeM *e pa36poCOM 3apJI)J.HOC

Teii a 3MHTTaacoM c x = c Y = 10 cM • Mpao. BH.IJ.Ho, 'ITo 
H306pa*aiO(UHe TO'IKH COCpe)J.OTO'leHbl B 30He BllOnHe npH-

19 



eMneMhlX pa3MepoB. 3Toro, KaK 6hlnO OITHCaHO BhlWe, y~a

nOCh ~06HThCJI nocpe~CTBOM CeKCTynonhHOB KOppeKI.lHH 

'laCTOT HOHOB pa3HhlX 3ap.II~HOCTeB H OKTYITOnhHOB KoppeK

I.lHH 3aBHCHMOCTH 'laCTOT 6eTaTpOHHhlX KOne6aHHB OT KBa~

paTOB aMITnHTy~. 

Ha 3BM 6hlnH Bhl'IHcneHhl orH6aiOII.lHe 6eTaTpOHHhlX 

KOne6aHHB ITO X H y npH 3MHTTaHCe ITY'IKa f x = f y = 
= 10 CM • Mpao. Ha puc. 7npe~cTasneHhl 3 cepHH orH6aiOll.lHX 

H TPH oceshle TpaeKTOPHH ny'IKa. CnnowHhle nHHHH cooTBeT

CTBYIOT HOMHHanhHOB 3ap.II~HOCTH (f'1 = 0) , nyHKTHpH:ble -

L'1. = -0,1 H WTpHx-nyHKTHPHhle - L'1 =0,1. Puc. 7 ~aeT 
npe~cTasneHHe o pa~Han~>Hoi anepType, Heo6xo~HMOi~nJI 
pa3MeiQeHH.II cneKTpa 3ap.II~HOCTei IL'11 =0,1 c 3MHTTaHCOM 

f x = 10 CM • MpaO. HenHHeBHOCTH cna6o BnHJIIOT Ha XO~ 

OrH6aiOIQHX, HO BCe >Ke MO>KHO 3aMeTHTh, 'ITO OTKnOHeHHJI 

OT OCeBOB TpaeKTOpHH He .IIBn.IIIOTCJI O~HHaKOBhlMH. 

B 6onhWHX npoMe>KyTKaX 3aMKHYThle op6HThl HOHOB 

C f'1 f. 0 He COBITa~aiOT C OChiO KaMephl, 'ITO 06'hJICHJieTCJI 

HanH'IHeM BTOporo H cne~yiOlJ.lHX 3a HHM qneHOB pa3no>Ke-

8 

6 

s 
~I 4 

2. 

0 

·2 

-4 

-6 

-8 

~ 

~-

E:-

/ 
~/ 

/ 

-· 1-- ..... 
!'--.,/ 

/ "'· .......... 

2 ~) 

:::..::. ~-----
.......... 

"'--

' 
I \ 

I \ 
....r' 

/ I ',, 

;.._ 

1\.-~ v· 

IVr h\ ,_, 
~ 

['·, v/ ,_..... . 

I 
·, l/ 

r-
I ', I E~' fO Ct'7 t7pog 

I I -1 

I ..... ......, ',, \t.~\ ~OJ 1 
j/ \ · '- 9o I 

- v ~ _-; t-- --..-, 
', ' /" 

' 
k{ 1n. / ' ..... 

F\ ~J~, v·'lj 12 t7 
_.....,. ) 

r-- 1\_ l/ ""', 
R·, -- 1--:-

'\ 
. . .-/ 

~/ 
/ 

!/ I · . ......,~ i 

Puc. 7. Ozu6a10~que 6emampoHHfoiX KoAe6aHurl 6 paouaAfoHOM 
Hanpa611€HUU.JiyHK111UpHfol€ JIUHUU: f'1 = -0,1; CnAOUIHfol€ 
JIUHUU: f'1 = 0; lllmpux- nyHKmUpHfol€ JIUHUU: f'1 = 0,1. 
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HHJI p 
MOCTh 

cor nacHo /2.4/. Ha puc. 8 ~aHa no~po6Ho 3aBHCH

L'1.p= 1/J 1 (L'1q/q) 2 + •••• 

-0.1 0 

6'3 en 

Qit ---.---

Ql 6CJ 
'Jo 

Puc. 8. OmKAOHeHUJI 3aMKHY111foiX op6um om ocu KaMepfoa 
6 60/lfoUIUX npJIMOJIUH€UHfoiX npOM€JICY111KQX • 

Ha puc. 9 npe~cTasneHhl orH6aiOIQHe sepTHKanJ.Hl>IX 

Kone6aHHi npH f Y = 10 cM. Mpao, L'1=0. 0rH6aJOll.lHe Kone-

6aHHi HOHOB c pa36pocoM 3ap.II~HOCTH IL'1.1 < 0,1 B 30He 

TpHnneTa He oTnH'IaiOTC.II 6onee 'leM Ha 10'*' oT H3o6pa>KeH

HhlX Ha pHCYHKe, a Ha OCTanJ.HhiX y'laCTKaX nepHO~a OHH 

npaKTH'IeCKH cosna~aiOT c H3o6pa>KeHHoi Ha puc. 9. llo3-

TOMY OHH Ha pHCYHKe He ITOKa3aHhl. 

CornacHo pac'leTaM Ha 3BM H aHanHTH'IeCKHM oueH

KaM MHHHManJ.Hwe HcKa>KeHH.II cllopMhl orH6aiOll.lHX npH pa3-

HhlX f'1 HMeiOT MeCTO, KOr~a HenHHeBHhle KOMITeHCHpyiO-

ll.lHe non.11 pa3MeiQeHhl B CTPYKTYPHhlX KBa~pynonJ.HhlX 3ne

MeHTaX. 

TexHH'IeCKH 3To ocyiQeCTBHMO nyTeM Hano>KeHH.II ~o

nonHHTenJ.Hhlx CeKCTynonJ.HhlX H OKTynonJ.HhlX 06MOTOK B 

21 
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KBa~pynonBX /HeBBHOnOniDCHWe KOHCTpyKnBH/ HnB cne· 

naanbHOrO npO~HnBpOBaHHS HX nOHIDCOB. 

8 

5 

1: 
(J 

~ 4 

l\ 
1/ \ I T 

1\ 
E:t: 10 c,., npa!J 

- '-
2 

0 1---L,H-t &~ B-t8~+---- --- -- -- -+-1---1--
2 10 IZn 

-2 

-4 

-5 

...... / 

\ v 
J 

v 
-8 

Puc. 9. Ozu6aiOU#Ue nyt~Ka e eepmuKaAbHOM HanpaeAeHuu. 

Ha puc. 10 cnnowHWMH nHHBBMH noxa3aH npo~Hnb no

HIDCOB KBa.npynons, co~ep)l(a~nero cexcTynonbHYIO xoMno

HeHTY ~ns KOMneucanHH 3aBBCHMOCTH 'laCTOT OT 3apB.IJ;HO· 

cTH B cnyqae, xor~a r0 ( <t/1>}=0,25 (r 0 - pa~ayc anepTypw 

nHH3W, <t/f> • Cpe~HBB no ~HHHe HBH3W ~HCnepCHOHHaB 

~YHKnBB ). lllTpHXOBWMB HHHHSMH noKa3aH npO~Hllb nOHIDCOB 

a~eanbHoro KBa~pynons. 

zj _aonyCKU Ha MQZHU111Hble 01/IKIIOHeHUJf 
U paCC1/IQH06KY MQZHU11106 

1. 0TKHOHeHHB rpa~HeHTa nons 

B xsa~pynunsx oT pac'leTHbiX 

3Ha'leHHH 

0THOWeHHe rpa~HeHTa B KBa~pynonsx K ~HnOHbHOMY 

nOHID B 3aBopa'IHBaiOJnHX MarHHTaX ~OH)I(HO 6b1Tb B H~eanb • 

22 

xJ"l, 

Puc. 10. Ilonepet~Hoe cet~eHue no1110coe Keaopyno11.11, co
oepJICaU#ezo CeKC111ynOAbHYIO KOMnOHeH1/Iy. 

HOM CJiy'lae noCTOJIHHbiM. HeCOOTBeTCTBHe rpa~HeHTa pac • 

'leTHOMY YPOBHIO ~HnOJibHOrO noJIJI JIBJIJieTCJI npH'IHHOH ne • 

peMelQeHHJI pa6o11ei TO'IKH ua ~aarpaMMe ycTOH'IHBOCTH. 

Puc. 3 ~aeT npe~cTaBneuae o Heo6xo~HMoi TO'IHOCTH 

no~ep)l(aHHJI rpa~HeHra. llpa nocne~oBaTeJibHOM naTaHBH 

~OKYCHPYIOJnHX H ~e~OKyCHPYIOJnHX KBa~pynonei OTHOCH • 

TeJibHble OWH6KH rpa~HeHTa O~HHaKOBbl. 0TKJIOHeHHJIM rpa· 

~eHTa Ha BeJIH'IHHY ±0,2tfo COOTBeTCTByeT H3MeHeHHe 

'IHCeJI xone6auai ua o6opoT: Llvx = ±0,03, Llv y = ±0,05. 

llpa H3MeHeHHH GAe<iJoK.Ha ±O,ltfo H nocTOJIHHOM G<PoK. 'IHC· 

JIO BepTHKaJibHbiX KOJie6aHBH TaK)I(e H3MeHJieTCJI Ha ±0,05. 

HecTa6HJibHOCTb OTHOWeHHJI rpa~HeHTa K ~HDOJibHOMy 
DOHID Bbl3b1BaeT TaK)I(e H3MeHeHHe ~HCDepCHOHHOH ~YHKnBH 

t/1 .Hac BHTepecyeT, npe)l(~e ucero, ee noue~euae B 6onb· 

WBX UpJIMOJIHHeHH.biX npo:Me)l(yTKaX. llpHBe~eHHOMy BblWe 

~onycxy f'1G/G = ±0,2tfo COOTBeTCTByeT Llt/f = ±0,1 CM • 
BeJIH'IHHa npeue6pe)I(HMO ManaJI. 
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2. Bo3My~eHHJI pasHosecHoii op6HTbl 

HeTo'IHaJI ycTaHOBKa Ksa,npynoneii H cnyqaiiHblii nosopoT 
,IUlnoneii OTHOCHTenLHO npo,nonLHOH OCH, TaK >Ke KaK H cny
qaii:HbiH pa36poc noneii B ,IJ;HnOnJIX, npHBO,IJ;JIT K HCKa>KeHHJIM 
pasHosecHoii op6HTbl CHHxpoTpoHa. Cpe,nHeKsa,npaTH'IHaJI 
aMnnHTy,na HCKa>KeHHH paBHOBeCHOH op6HTbl, Bb13BaHHaJI 
oWH6Koii s none ,nHnoneii cocTasnJieT: 

<e"(s) > = 
l¢(s) I y N I ¢(s) ds 

I wl R I sin 1TII I 
<£>' 

r.ne <£> - cpe,nHeKsa,npaTH'IHaJI owH6Ka nonJI, OTHeceHHaJI 
K nonro B ,IJ;HnOnJIX, N - 'IHCnO He3aBHCHMbiX HCTO'IHHKOB 
B03My~eHHH, V - 'IHCnO 6eTaTpOHHbiX KOne6aHHH Ha o6o
pOT, a HHTerpan 6epeTCJI no O,IJ;HOMY MarHHTHOMY :meMeHTY. 

CMe~eHHe Ksa,npynonJI Ha senH'IHHY ~x s Hanpasne
HHH, nepneH,IJ;HKynJipHOM OCH KaMepbl, • 03Ha'laeT OWH6Ky 

'G~x 
nonJI lx = ---; npH 3TOM op6HTa B03M~aeTCJI B Me-

H 
Yo 

,IUlaHHoii nnocKoCTH. OTKnoHeHHIO ocH nHH3bl no sepTHKanH 

G~y 
OT npoeKTHOrO nono>KeHHJI COOTBeTCTByeT ( = 

y HYo 

op6HTa HcKa>KaeTcJI no sepTHKanH. 
06o3Ha'IHB cpe,nHeKsa,npaTH'IHble norpeWHOCTH s none

pe'IHoii ycTaHOBKe scex Ksa,npynoneii qepe3 <~x>, <~y>, 
s paccMaTpHsaeMoii CTPYKType nony'IHM: 

<e" (s) > = 111¢ (s) I <~X>; 
X X 

<e" (s) > = 251¢ (s) I <~y>; 
y y 

npe,nnonaraeTcJI, 'ITO 'IHcno Kone6aHHii Ha o6opoT He npH-
6nH)I(aeTCJI K uenoMy 6nH)I(e 'leM Ha 0,2; l¢x,y(s) IH3MepJieT
CJI B MeTpax. 
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HcKa>KeHHe op6HTbl HaH6onLwee TaM, r.ne 1¢ x,y (s) I = 
= l¢x,y I max .IlpH <~x>=<~y> = 0,01 CM HMeeM <~<fx>max= 
=0,3 CM, <~<fx>ma~t 1,7 CM. 

CnyqaiiHblii pa3bpoc yrnos nosopoTa ,nHnoneii soKpyr 
npo,nonLHOH OCH, paBHbiH <a> = 3·10-4pao, ,naeT aMnnH
TY,IJ;HOe HCKa>KeHHe op6HTbl B UeHTpanLHOM KSa,npynone 
0,6 CM; B ,npyrHX 3neMeHTaX CTpyKTypbl OTKnOHeHHJI MeHL
we. TaKHM o6pa3oM, cyMMapHoe sepTHKanLHoe HCKa>KeHHe 
op6HTbl s I ueHTpanLHblX Ksa,npynonJix .nocTHraeT 
/1,7 2+ 0,6 2/ l 

2 = 1,8 CM B nro6y10 CTOpOHy. 
ropH30HTanLHble HCKa>KeHHJI op6HTbl nOBCeMeCTHO He 

BLIXO,IJ;JIT 3a npe,nenLI ±1 ,0 CM, ecnH cnyqaiiHblii pa36poc 
noneii B ,nHnonJix He npesblwaeT <f x> = 4 ·10 - 4 • 

3. Ilo,n,nep>KaHHe senH'IHHLI 
ceKcTynonLHoro nonJI 

~onycK Ha TO'IHOCTL no.n,nep>KaHHJI BenH'IHHbl CeKCTy

a2H 
nonLHoro nonJI S(--Y-) Haii,neMH3cllopMyn /2,9/7/2,11/. 

ax2 

IlpH OTKnOHeHHH BenH'IHHbl CeKCTynonLHLIX noneii OT pac
'leTHblX 3Ha'leHHii HapywaroTcJI y~noBHJI 8v 2~= 0. CMe~eHHe 
'laCTOTbl 6eTaTpOHHblX KOne6aHHH, Bb13BaHHOe OTKnoHeHHeM 
3Ha'leHHii ceKcTynonLHblX noneii oT pac'leTHblX, s HaHxy,n
weM cnyqae pasHo: 

~vx,y 
Mf~ 

[ 2<1¢ 12 
2771 wiHR x, y q?<.P q? + 

a2
H 

+ <1¢ I: ><1/J n >]8(--Y}, 
x, Y ~ ~ ~x2 

r.ne < 1¢ x,y I «<J,A > , <.P$J,A> - cpe,nHee 3Ha'leHHe cliYHKUHii 
~nOKe H ,IJ;HCnepCHOHHOH ~YHKUHH B clloKyCHpyro~eM H ,ne
clloKyCHPYIOIUeM no pa,nHyCy KBa,npynonJIX. 

3a,nasaJI ~vx = ±0,02, nony'IHM 
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a 2H a2
H 

8(-..l..)j(--Y) ± 1,1%. 
ax 2 ax2 

a ecnu tw Y = ±0,02, TO 

a2H a2H 
8(--!)J(--Y) = 0,25%. 

ax 2 ax 2 

Cpe.IJ;HHe KBa,npa TH'IHble OTKJIOHeHHJI ceKCTynOJibHbiX no

JieB OT pac'leTHbiX MOryT 6b1Tb B 5 pa3 60JibWe CHCTeMa· 

TH'IeCKHX. 

0/ 0 Mei/IOOUKe 6bi'IUC/IeHUU Ha 3BM 

Hccne.noaauue .nuuaMHKH nyqKa c pa36pocoM JapJI,n

HOCTH H caoiicTB TpunneTHOii MarHHTHoii CTPYKTYPLI Bbl

nonHJIJIOCb C WHpOKHM npHBJie'leHHeM 3BM. 
libiJIO HCnOJib30BaHO HeCKOJibKO nporpaMM, HanHCaHHblX 

ua JI3b1Ke FORTRAN. lloHcK o6nacTeii ycTOB'IHBOCTH, qac

TOT KOJie6aHHB, xapaKTepHCTH'IeCKHX ~YHKUHB CTpyKTypbl 

npOH3BO.IJ;HJICJI B JIHHeBHOM npH6JIIDKeHHH no nporpaMMe, 

OCHOBaHHOB Ha Ma TPH'IHOB MeTO.IJ;HKe. 

AHaJIH3 .IJ;HHaMHKH HOHOB B HeJIHHeBHblX nOJIJIX Bblnon

HJIJICJI no nporpaMMe, noJBOJIJIIOIUeB paCC'IHTbiBaTb Tpa

eKTOpHH B ,nayx nonepe'IHblX uanpaaneHHJIX. HcnoJibJOBan

CJI MeTO.IJ; 'IHCJieHHOrO HHTerpHpOBaHHJI ypaBHeHHJI .IJ;BH~e

HHJI C y'leTOM 'IJieHOB paJJIO~eHHJI MarHHTHOrO nOJIJI B p.11,n 

no OTKJIOHeHHJIM OT OCH KaMepbl X, y .IJ;O 4- B CTeneHH 

BKJIIO'IHTeJibHO. 

3aMKHYTble op6HTbl HOHOB pa3HhlX 3apJI.IJ;HOCTeB Haxo

.IJ;HJIHCb no,n6opoM 3Ha'leHHH X , X , y , y ', COBna,naiOIUHX 

B uaqane u Kouu.e nepuo.na. llpu 3TOM ycTaHaBJIHBancJI 

MHHHMYM ~YHKU.HOHana 

F=(x -x ) 2 + (x' -x' ) 2 +(y _, )2+(y' -y' )2 
H K H h H 1\ H K 

MeTO.ll.OM KaCa TeJibHbiX C TO"'HOCTblf l 0-8
, 
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qaCTOTbl 6eTaTpOHHblX KOJie6aHHB B HeJIHHeHHOM none 

HaXO.IJ;HJIHCb no u.eJIOMY 'IHCJIY KOJie6aHHB OTHOCHTeJibHO 

JaMKHYTOH op6HTbl Ha Ja,naHHOM 'IHCJie o6opOTOB. llpH 

3TOM npOCJie~HBaJIHCb TpaeKTOpHH C Ha'laJibHbiMH HyJieBblMH 

OTKJioHeHHJIMH H Ja.naHHblMH yrnaMH uaKnoua. To"'HOCTb 

u ~v 1 
onpe,neJieHHJI "'aCTOT OUeHHBaeTCJI BeJIH'IHHOH -- = -- , 

v kM 

r.ne k - qucno o6opoTOB, M - 'IHCJIO nepuo.noa. 06bl'IHO 

~v -3 
k COCTaBJIJIJIO OKOJIO 100, aM = 12, TaK 'ITO --.::: 10 • 

v 

,IJ;JIJI OTblCKaHHJI oru6aroiUHX KOJie6aHHB B HeJIHHeHHbiX 

nOJIJIX npOH3BO.IJ;HJICJI paC'IeT TpaeKTOpHB Ha npOTJI~eHHH 

250 060pOTOB, aHaJIH3HpOBaJIHCb OTKJIOHeHHJI B Ja.naHHbiX 

TO"'KaX nepuo,na H Bb16HpaJIHCb MaKCHMaJibHble H MHHH· 

MaJibHble OTKJIOHeHHJI, KOTOphle H onpe,neJIJIJIH oru6aiOIUHe 

ny'IKa. 

4. J(PYFHE MAFHHTHblE CHCTEMbl 

B npe,nbi.ll.YIUeM nyHKTe onHCaHa O,IJ;Ha H3 npocTeBWHX 

axpoMaTH"'eCKHX MarHHTHblX cTpyKTyp. lionee cno~Hble 

CTPYKTYPLI o6na.na10T p.II.IJ;OM npeuMyiUeCTB. TaK, uanpu

Mep, B axpoMaTH'IeCKYIO 'laCTb JJieMeHTa nepHO.IJ;H"'HOCTH 

MO~HO BBeCTH ,IJ;OnOJIHHTeJibHble KBa,npynOJIH, KOTOpble no-

3BOJIJIIOT perynupoBaTb qacTOTbl Kone6auuii; axpoMaTH'I

HOCTb npH JTOM COXpaHJieTCJI. 

KoMnouoaKa 6onee cno~HblX cucTeM .nonycKaeT paJ

.nenhuoe pa3MeiUeuue KBa,npynoneii H ceKCTynoneii.. Xo.n 

~yHKUHH «PnoKe MO~eT 6b1Tb 6onee nnaBHblM, H ueo6-

xo,nHMOCTb B OKTynOJibHOB KOppeKU.HH B006IUe OTna,naeT. 

libiJia, B 'laCTHOCTH, H3y'leHa MarHHTHaJI CTpyKTypa, 

CO.IJ;ep~aiUaJI 6 CHMMeTpH'IHblX nepHO.IJ;OB. llOJIOBHHa ne

puo.na noKa3aHa ua puc. 11; TaM ~e noKa3aHbl xapaKTe

pHCTH'IeCKHe ~YHKU.HH. 
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1-- 1\ 

0,6 v r?\ J~ r--_, 
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/ \ ~lfxl_ / ' t-._<(1../ \ ""' 
q~ 

/ J r\. / ~ - / r- ~- - '\.. 

1,. 
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0 2 14 16 B ItO 1'2 M 

- - '-- '-- - ~ 

PI J72 03 J71f. J75 J76 rr/2 

Puc. 11. CmpyKmypa noAoeUHbl nepuooa u xapaKmepucmu
ltecKue fjyHKfiUU I¢ I, I¢ I, 1/1. 

X y 

0CH06Hble xapaK11lepUC1/lUKU C11lpyK11lypbJ: 

flepHMeTp 

Pa,nHyc KPHBH3Hhl B ,nHnomix 

flpe,neJibHaJI HH,nyK.UHJI B ,nHnOJIJIX 

,nnHHa KBa,npynone:ii 

rpa,nHeHT nOJIJI B KBa,npynOJIJIX: 

146,4 M. 

8,0 M. 

- 0,79 T. 
- 40 CM. 

A1 - 12,32 T/..w. 
A2 - 12,48 T/..w. 

A3,t\ 6 - 16,83 T/..w. 
A 4'A 5 - 9' 12 TIM. 

qHCJia 6eTaTpOHHhiX KOJie6aHHH Ha o6opOT 

no X - 10,85. 
no Y - 4,15. 

Ko3~HUHeHThl xpoMaTHqHoCTH 
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avx 
a!'! 

~ 
a!'! 

- 15,1, 

- 25,9. 

llHH3hl A 
1 

, A 
2 

no3BOJIJIIOT H3MeHJITb pa6oqHe qacTOTbl 

6e3 HapyWeHHJI axpOMaTHqHOCTH. flpoMe~TKH Me>K,ny JIHH-

3aMH A3 -A 6 y,no6Hbl ,nnJI pa3MeJ.UeHHJI KoppeKTHPYIOIUHX 

HeJIHHeHHOCTeii. 

PacqeT CTPYKTYPI>I H no,n6op KoppeKTHPYIOJ.UHX noneii 

npOH3BO,nHJIHCb npH nOMOJ.UH 3BM C HCnOJib30BaHHeM MeTo

,na a6epaUHOHHbiX K03~HUHeHTOB /5/. 
llpH BBe,neHHH KBa,npaTHqHOH HeJIHHeHHOCTH B KBa,npy

noJIH A 3• 

A a2H 

As 
a2H 
--- = 50,8 T/M 2 H B KBa,npynonH A4 , 
ax 2 

5 ~-
ax2 

= -45,7 T/M 2 ocTaeTCJI ,nHcnepcHJI qacToT, pas-

HaJI 

!'!v x =-911 2 
, !'!v Y = 11 11 2 • 

,ll;JIJI HaWHX ~eneii Mo>KeT 61>1T1> npHro,nHa CTPYKTypa, 

npe.nno>KeHHaJI a /6/. B Heii TaK>Ke B03MO>KHa perynHpOBKa 

qacTOT 6e3 HapyweHHJI ycnoBHJI axpoMaTHqHoCTH. KouneH

cau;HJI . JIHHeiiHoro cueiUeHHJI qacTOT H3- 3a pa36poca no 

3apJI,nHOCTH ,nOCTHraeTCJI BBe,neHHeM CeKCTynOJibHOrO nOJIJI 

B ,nHnOJIH H u;eHTpaJII>HhiH KBa,npynOJib. B 3TOH CTpyKType 

OKTynOJibHaJI KOppeKUHJI He HY>KHa, noCKOJibKY B u;eHTpaJib

HOM KBa,npynone cilYHKUHH !¢xI H 1¢ Y I npH6JIH3HTeJII>HO 

paBHhl H MaJibl no cpaBHeHHIO C HX MaKCHMaJILHbiMH 3Ha

qeHHJIMH B cynepnepHo,ne. 

IIPHJIO)J(BHHB 1 

I/.1. 3aeucu..wocmt. ltacmom 6emampoHHbJX KOAe6aHuil 
011 3MummaHca nyt~Ka 

Bae,neHHe ceKCTynonLHhiX noneii npHBO,nHT K cMeJ.UeHHIO 

6eTaTpOHHhiX qacTOT, nponopiJ;HOHaJILHOMy KBa,npaTaM au-

nJIHTy,n 6eTaTpOHHhiX KOJie6aHHH. 3TOT 3~eKT npOJIBJIJieTCJI 

80 BTOfOM nopJI,nKe MeTo,na ycpe,nHeHHJI, cilopMyJihl ,nJIJI 

8v<:!/4 /2.9/ nonyqaJOTCJI CJIO>KHhiMH H npHBO,nJITCJI 

3,nec1> 6e3 BhiBo,na: 
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( 1 t\) 2 N (Lo) · a2 H a~ 
( 3) - I y y 

8v =- -------- ~ ~ 8. p r (---) (--) X 
X i=1 m=1Im I ill ax2 j ax2 m 

8rr I wl 2 (HR)2sin~ 
2 

. flx 
SID--

3 3 flx 2 P.x 
xl¢ 1.1¢ I lcos3(71 .-71 --]---+3cos[(7J :-1'/ )--]1-

x I x m XI xm 2 . 3 XI xm 2 
SID-fl X 

2 

(1-1'\)N <LJ a3
H y 

~ <----) e lrl.. 14 
4rrw(HR)i=l ax3 i '+'xi 

/lll.l/ 

(1 2 (Lo) i a2H ali 
ov 3=-~~ ~ ~ 8 e e <--Y) <--Y) 1¢ 1 lc/> 1 

y 4rrlwi 2(HRYi=1 m=l im i m ax 2 i ax 2 m Xi X mx 

2 
cos[(7J _ ) x!cf>y!il!¢yl~{----~~_:!_:_m__+2(7Jyi-~yr:/- ~ ~~Y] 

. fl X+'.) .. 
SID - 'f_y 

2 

fl x-~y 
cos[ (71 xi -71xm)- 2(7J yC 11 ym)--=-- 2 -=] _ 

- ---------------

sin _fl x - fl Y 
2 -

flx 
---1 

2 2cos(7Jxi-7J xm_~--l _ 
- 21¢ x lm ----

flx 
sin--

2 

- 2-E-=-L\)~-----
(Lo) 3 a H \' ,. 

(--') r 19 . 2 ,2 

4:; 'v. I (HR) i ~ 1 ax3 1 i xi 1 {: \ ii; 
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/lll.2/ 

8v (4)_ 
X --

(1- 1'\) 2N (L r) i a
2
H a

2
H 

- ~ ~ 8 . e. e <-Y) <-5 I c/> 1·1 c/> I x 
417' I wl 2 (HR) 2 i = 1 m= 1 Ill I m ax2 i ax 2 nJ X i X m 

2 2 cos[2(n _ ) ( fl -2fl 
x lc/>ylmll¢ yl i [---·'!!__:!_y_~_71xi-71_~rJ+ ~~] 

. 2fl y-f.l + 
SID X 

2 

2f.Ly+flx 
cos[2(7J . -71 )+(7J .-71 )- ---

YI ym XI xm 2 
+ ] -

2fl + p. 
sin-~-

2 

!_~) 
cos(7Jxi-7J xm- ~--I+ 

2 - --- 2[¢ I i ------ flx 

x sin----
2 

3 ' 
(1-1'\)N Lo a Hy o 2 

+ ---- ~ (--) P.lc/> I"' I¢ I 
2rr[w[ (HR) i= 1 ax3 i I X i yi 

/II1.3/ 

, (4) (1-t\) 2 N (Lo) i iH iH 
uv Y =- ------ ~ ~ 8. e.e (---~ <-~ lc/> I I 2 

8rr[w[ 2 (HR) 2 i=1 m=1 Im I max2 i OX2 xi c/>yli x 

cos[(7J .-71 )-2(71 .-71 )-
2 XI xm YI ym 1¢ I 1¢ I 1-----------

x m y m . flx-2fly 
sm---

2 

flx-~y] 
--2 + 
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cosH Tf .-Tf )+2(Tf _.,., )_ P. x + 2p. y 
XI XID yi ym 

+ ·-----+4 

S
• p. X + 2p. 
m Y 

2 

(1-Ll)N Lo a3
H 4 

+ ----- ~ <--Y) 1¢ I e . 
4rrlwl (HR) i= 1 ax3 i y i i 

~) 
coS(Tfxi-Tfxm- 2 l + 

sin~ 
2 

/IT1.4/ 

CyMMBposaHBe s:wnoJIHJieTcJI no seeM HeJIBHeiiHhiM no
JIJIM Ha 3JieMeHTe nepBO.IJ;B'IHOCTB (L ()) MarHBTHOB CTpyK
Typ:w: 

8
tm 

1 
1
1/2 

i < m 

m=i 
I ¢(s) = l¢(s) je iTf . 

ll.2. 0 nepeaapJIOKe UOH06 Ha OCIIOIIO'IHOM zaae 

fiepe3apJI.IJ;Ka BORa Ha npOB3BOJihHOM a3BMyTe CBHXpo
TpOHa conposo~aeTCJI B036Y*.neHBeM pa.n;BaJihHhiX 6eTa
TPOHHhiX KOJie6aHBii; aMnJIBTy.n;a KOJie6aHBB onpe.n;eJIJieTCJI 
B3MeHeHBeM 3apJI.D;HOCTB Llq B CBOBCTBaMH MarHBTHOB 
CTPYKTyp:w. 

fiyCTh Ha a3BMyTe S 0 3apJI.D;HOCTh B3MeHBJiaCh Ha Llq 
Ha'laJihHhle yCJIOBBJI B03HBKaJOIQBX KOJie6aHBB 

Llx(s 0 )=t/f(s0 ) Llq , Llx'(8°) =t/f'(S0
) Llq /fi2.1/ 

qo qo 

3aBBCJIT oT ¢(~), tf!'(s 0
). Pa.n;uaJihHhle Kone6aHBJI He 

B036y*J);aiOTCJI, TOJlhKO eCJIB t/f (S0
) = t/f '(s0

) = 0. 
B03HBKWBB KOJie6a TeJihHhiB npo:QeCC onBChiBaeTCJI CJie

.IJ;YIOI:QBM o6pa30M: 

e- (s) = Lla ¢ (s) + K.c. , 
X X 
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e--c s) =Lla ¢ '(s) + K.c. , 
X 

/IT2.2/ 

r.n;e KOMnJieKCHaJI KOHCTaHTa Llax paBHa 

Lla = _!_[Llx¢*'(s 0
)- Llx'¢*(s 0

)] • 
X W X X 

/IT2.3/ 

B .nanhHeiiweM HH.n;eKc x 6y.n;eM onycKaTh, a HH.IJ;eK
coM "0" 0603Ha'IBM npBHa.IJ;Jle*HOCTh lilYHK:QBB ~JIOKe B t/f 
K a3HMYTY S0

• 

ITo.n;cTaBBB /IT •. 2.1/ B /IT2.3/ u o6o3Ha'IBB 

F 0 =; (¢0 ¢~ -t/1~¢~), /IT2.4/ 

npe.D;CTaBBM Lla B BH.IJ;e 

Llq 
Lla = F

0 
--. 
qo /IT2.5/ 

Ors6a10~aJI KOJie6aHBB, TaKBM o6pa30M, OnHChiBaeTCJI 
lilYHK:QBeii 

"' 
e-( s) = 21 F o II ¢ ( s) Ll q • 

qo 
/IT2.6/ 

ITpeo6pa3yeM Bhlpa*eHBe /IT2.4/, c TeM '1To6:w B:wpa3BTh 
lilaKTop I·Fo I 6onee HarnJI.n;Ho qepe3 xapaKTepHCTBKB Mar
HBTHOii CTpyKTyp:w. 

llpe*.ne scero, npe.n;cTaBHM ¢ ~ , ¢ ~' B lllopMe I 41 
0 

-i<p.t-+x 0) 
e , ¢* = 1¢ I 

0 0 

so 
-i(p.y +X 

0
) 

¢ * ' - [ I ¢ I ' - i ( J:. + x ' ) I ¢ I 1 e • /IT2 1 I o- o e o o · 

B BOCnOJih3yeMCJI B3BeCTHhiM COOTHOWeHBeM 

p. ' w 1 -+x =----, 
r 0 2i f¢ol2 

/IT2.8/ 

B:WTeKaiOIQBM Henocpe.D;CTBeHHO B3 onpe.n;eneHHJI BpOHCKBaHa: 

¢ ¢ * ' - ¢ '¢* = w • 
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Tor,na, nocne npoCTLIX npeo6pa3oaauuii, uaii.neM: 

1 IF I= -[(t/J 1¢ l'-t/1'1¢ !)2 ( lwl tPo 2 1/2 o !wl o d o o + 2- --) 1 
!<Pol 

/ll2.9/ 

«<»yuK~BJI IF 0 1 .nn.a CTPYKTYPLI, onucauuoii B n.3, noKa3aua 
ua puc. 12. 

/F/ 
I I 

........ ,... 

f\ J\ I 
! 

q6 

a'-
\ I 

- - \ 
I -~ It-:.... I 

ae 

0 2 *I 6 8 l IOj 121'1 

'---- '- '----

Puc. 12. fPyHKIIUJI I Fl, onpeoeAJIK>UIUJI aMnAwllyoy paouaAt.
Ht.rx 6e111a111pOHHbiX KoAe6aHuu npu nepe3ap.11i'>Ke Ha npou3-
eoAbHOM U3UMy111e. 

PaccMOTpBM .nn.a onpe,neneuuocTu nepe3ap.a,nKy uouoa 
U co cpe.nueii 3ap.a,nuocTbiO <lo = 45 B uaqane ~BKJia 
YCKOpeHBJI. 

H3Meueuue 3ap.a,nuocTH ua e.uuuu~y (Llq = 1) npBBOABT 
K llOJIBJieHBIO AOllOJIHBTeJibHbiX pa,LlH<L1bHbiX KOJie6aHBB, oru-
6aiOII\aJI KOTOpbiX He BbiXOABT 3a npe,neJibl 0,6 CM, eCJIB 
nepe3apJI,nKa npOBCXOABT B 60JibWH'- !!pJIMOJIBHeBHbiX npoMe
~YTKaX BJIH BHYTPH ,nanoneii. llep, JapJI,nKa B 30He KBa,n
pynoneii conpoao~.naeTCJI CHJibHblt-1 ao36y~,neuueM Kone-
6auHli. HaH6onec onacua nepe3ap11.; ~.a BHYTPH <iJoKycupyiO
u.un no pa,nuycy KBa,npynoneii jr, 1HTy,na Kone6auuii -
.Ll09 CM/. 
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TaKBM o6pa30M, B paccMOTpeuuoii CTPYKType Mo~o 
,nonyCTBTb nepe3ap.RAKY Ha OCTaTO'IHOM ra3e Ha ,nJIBHe, 
npB6JIH3BTeJibHO paBHOH 2/3 nepBMeTpa YCKOpHTeJIJI. 3TO 
o3uaqaeT, 'ITO ,naaneuue ocTaTO'IHoro ra3a B KaMepe 
CBHXpOTPOHa MO~eT 6b1Tb B 3 pa3a BbiWe, 'leM npB pa-
6oTe yCKOpBTeJIJI B 06bi'IHOM pe~HMe, 6e 3 B3MeHeHBJI 
3ap.RAHOCTB. 

BMeCTe C TeM cne,nyeT OTMeTBTb, 'ITO BOnpoc 0 ,no
nyCTHMOM ,LlaBJieHBB OCTaTO'IHOrO ra3a TeCHO CBJI3aH C ero 
MOJieKyJIJipHLIM COCTaBOM. BepOJITHOCTb KpaTHOH 06.LlBPKB 
B TJI~eJibiX ra3aX BeJIHKa / 7/, 'ITO npBBOJIBT K He06XOAB
MOCTH 6onee cTpororo orpaua'leHBJI ocTaTo'luoro .naa
neuu.a. 
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