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1. B B e JJ. e H II e 

TTp11 pa6oTe C qaCTIIUaMII Bb!COKIIX 3Hepr11J!, KOTOpbJe pO)KJJ.alOTC>l B M11weH>IX ycKop11-

TeneJ!, oqeHb Ba)KHyio ponb 11rpaeT nonyqeH11e IIHTeHCIIBHbIX nyqKOB qaCTIIU C xopowo H3-

BeCTHbIMH napaM~TpaM11, Tpe60B8HH>l K xapaKTepHCTHK8M nyqKa MoryT. 6b!Tb pa3n11qHbIMII, 

HO o6bJqHbIMII Tpe6oaaHll>lMII >IBn>teTC>l He60nbWO_J! pa36poc qaCTIIU no HMnynbCy, xopowag 

noKan113auH>1 nyqKa II T.JJ.. TTp11 pa6oTe C ny3blpbKOBbIMH KaMepaMH 6onbWOJ! IIHTepec npeJJ.

CTaBm!IOT B3allMOJJ.eJ!CTBll>l peJJ.KHX (no cpaBHeHHIO C 1T -MeaoHaMH H npOTOH8MH) qacTHU _ 

K -Me30HOB II 8HTHnpOTOHOB, TTy3blpbKOBble K8Mepbl JJ.onycKBIOT 3arpy3KY- 10-20 qacTHU Ha 

CHHMOK. noaTOMY, ecnu pa6oTaTb C HeoqHIUeHHbIMII OT 1T -Me30HOB nyqKBMH (c COJJ.ep)Ka

HHeM K -MeaoHoa HP - 1/100-1/10000), To HHTepeCHb1e co6b!TH>t 6yJJ.yT oqeHb peJJ.KH. Kpo· 

Me Toro, B03HIIKaeT.· cno)KHaH 3aJJ.aqa onpeJJ.eneHHH np11pOJJ.b! qaCTHUb!, Bbl3aaauieJ! JJ.aHHOe 

B38HMOJJ.eilCTBHe, ilnH npeOJJ.OneHHH 3THX Tpy JJ.IIOCTeJ! Ha coapeMeHHbIX ycKop11TenHX. C03JJ.8-

Hbl cneu11anbllbJe ycTpOi!CTBa, n03BOnHIOIUHe npocTpaHCTBeHHO paaJJ.enHTb nyqoK qacTHU C Bbl

JJ.eneHHblM IIMnynbCOM H8 nyqKH qaCTHU C pa3Hb!MH MaCC8MH (HanpHMep, ,,- 1 K- Hp ). KaK 

II B o6bJqllbIX MaccneKTpoMeTpax, 3TO paaJJ.eneHHe npOHCXOJJ.HT noJJ. JJ.eilc·,·aeeM aneKTp11qe

CKoro nomt, Ho HeCMoTpH Ha 6onbwyro JJ.nHHY H orpoMnyro HanpH)KennocTb noneJ!, npeMe

HHeMbIX a cenapaTopax, npocTpaHcTaeHHoe pa3JJ.eneH11e qacTHU npH HMnynbcax 1,5-5 raa/c 

BeCbMa Mano ( ;5 1 CM). noaTOMY JJ.nH aq,cpeKTHBHOro paaJJ.eneHH>t qaCTHU neo6XOJJ.HMO cpo-

KycupoBaTb qacTHUbl TaK, qTOObl WHpHna nyqKa B HanpaBneHll'II paa/J,eneHH>t He npeBhIW .. ,1 .. 

2-3 MM. 3TH BbICOKHe Tpe6oBaHH!I K KaqeCTBY cjJ0KyC11poBKH np11 C03JJ.aHHH qHCTbIX nyqKoB 

npuaen11 K pa3pa60TKe cnO)KHblX MBrHHTHo-onTHqecKHX CHCTeM, 6e3 KOTOpbIX HeB03M0)Kll0 

npoaeCTH 6om;.WHHCTBO onbITOB Ha ycKop11TenHX, HoBbJe pa3pa60TKH no MBrHHTHblM CHCTe-

M8M on11C8llbl, rnaBHbIM o6p830M, B JJ.OKnaJJ.ax pa3nHqHblX KOHcpepeHuHJ! H BHyTpeHHHX OTqeTax 

na6opaTOpHJ!; EonbWHIICTBO 3THX MaTepHMOB ManoJJ.OCTynHbl, H,KpOMe Toro,HX noHHM811He 3aTpyJJ.

HeHo noqTH nonHbIM OTCyTC'iBHeM neTepaTypbl na pyCCKOM H3b!Ke no npHHUllnaM nocTpOeHHSI Mar· 

HHTI!b!X CHCTeM, 

HacTOHIUIIJ! o6aop CT8BHT CBoeJ! ue~blO B neKOTopoJ! CTeneHH aocnonHHTb 3TOT npo-

6en, XOTH Ha-aa MBnOCTH o6beMa o6aopa B pRJJ.e ,B8)KHbIX nyHKTOB npHWnOCb orpaHHqHTbCSJ 

neTepaTypHb!MH CCbinK8MH •. B qacTHOCTH, oco6eHHOCTII MarHHTHOi! ODTHKH B K8HM8X qffCTbIX 

nyqKOB II cenapaTOpbl 6yJJ.yT paccMOTpeHb! a OT.QenbHOM o6aope. 

fl• 3neMeHTbl MBrHIITHblX CIICTeM 

§ 1. DBH)KeHHe qacTHU a npouaaonbHOM MarnHTHOM none 

none Bcex MarnHTHb!X ycTpOi!CTB) 06b1q110 npHMengeMbIX Ha ycKOpHTenstx, xap8KTepH· 
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3yeTCH 11am1•rneM nnoCK0CTII CIIMMeTp,rn 11n11 0CII CIIMMeTpllll (.ZlnH n11113). _Ha30BeM 3TY 

nnoCK0CTb Me,1l11a1111ol!. B c11ny CIIMMeTpllH MarHIITH0e none na 3T0l! nnoCK0CTII 6y,1leT Hop

MfinbH0 K nel!. MarHHTHoe none B npocTpancTae, CB060.1lll0M OT T0Koa, Y.Zl0BneTB0pHeT ypaa

H9HllSIM ... ... 
div B = 0; rot B = 0. 

(1) 

no3TOMY 3H8HHH nonH B Me,1l11a11uol! nnocK0CTH .1l0CT8T0q110, qTo6b! on11caTb none BO BCeM npo

CTpancTBe. O.ZlHaKo npaKTHqecK11 norpew11ocT11 113Mepeu11l! ( ooo6enno BbICWHX npoH3B0.1lHhIX B ) 
n03B0nHJOT C,ZlenaTb 38KnroqenHe 0 KapTHHe nonH nHWb B ne6onbWOl! o6nacTH B6m<3H Me,ZlHan

nol! nnoCK0CTH, Yrnhl pacTaopa nyqK0B 06b1qno aeCbMa Mfinbl ( I - 5°) ' II )TKnone111rn qacTHU 

OT Me.ZlHannoli nnocK0CT11 pe.ZlKO npeab1waroT 7-10 cM. no3TOMy MhI 6y.1leM cqHTaTb, qTo B 
acer.Ila nepne11.1lHKyn11pen cKopocT11 qaCTHUhl (ecnH ne oroaopeno npoTHBHoe). 

B MarnHTII0M none qacTHua .ZlBl!)KeTCH no TpaeKT0pHH C pa.ZlHYC0M KpHBH3llbl, onpe,1le

n11eMblM CHnol! /lopenua. Y.1l06HaH ,ZlnH npaKTHqeCKIIX BbiqHCneHHll cpopMyna HMeeT BH.Zl 

R = p/ 0,'ZJ978 Z B 
(2) 

r.Zle pa.ZlHYC KpHBll3Hbl R H3MepHeTCH B MeTpax, IIMnynbC qacTHUbl p - B r3s/c, ll - B 

Teena ( 1 Tn = 1 a6/M
2= 10000 raycc), Z -3ap11.Zl qacTHUbI - B 3neMe11Tap11b1x 3ap11.Zlax. 

Ha .Zln1111e nyn1 d·s qacTHua H3Me1111eT nanpasne1111e CKopoc.liI B nnocK~CTII, nepneH.1lHKy

n11p11ol! K s/ na yron (s pa,1l11a11ax, ) 

def,= 0,'ZJ978 Z B ds/ P• 
(2') 

Qqenb qacT0 MHWellb ycK0pl!TenH noMemaeTCll B 311aql!TenbH0M MarHIITII0M none, 

no3T0MY pacqeT MarHHTH0l! Cl!CT8Mbl .Zl0nmen 11aql!l18TbCH C onpe.ZleneHHll nanpasneHl!ll .ZlBl!

)Ke!ll!ll BT0p11q11b1X qacTHU C HMnynbC0M Po (BbmeTa!OlUHX l!3 Ml!W8lll! no.Zl onpe.ZlenenHblM 

yrnoM a 
O 

K nepaHqnoMy nyqKy) B o6nacTH, r.Zle none B paano • nynro. EcTeCTBeHna H 

.1lpyra11 iiocTaHOBKa 3a,1laql!: s' KaKoe MeCTO na,ZlO nocTaBHTb Ml!WeHb, qTo6bI no ,1la11110My 

nanpasnen~ro (s o6nacTH, r.Zle B = 0) .ZlBHranHcb qacTHUbI c P ;,; Pa, ncnylUeHHbie H3 MHwe

HH llOJ:l. yrnoM a O ? no,1lpa3yMeB;,eTC·H, qTQ .ZlBHmeHHe np0HCXO.Zll!T B M8.1lH8HHOl! nnOCKOC.Tl! 

MarnnTa ycKop11Ten11. 

B cnyqa11x, r,Zle He Tpe6yeTCll Bb!C0K0l! ToqnoCTII, ,ZlOllYCTHM rpacp11qecKH8 MeTO.Zl no

CTp08Hllll TpaeKTOpllH, cylUHOCTb KOToporo HC!la H3 puc. !. 6onbwa11 ToqnoCTb0 
• .1lOCTl!raeT-

Cll npn ananHTHqeCK0M ·sbrq11cne111111 TpaeKT0plll! 
11

•
21

• Bae,ZleM u11n11H,1lpHqecKyJO Cl!CTeMy 

K00p.1ll!H8T ( R, ¢,). Ecnl! !IBM l!3B8CTHa TQqKa TpaeKT0pl!H '{8CTl!Ubl (a M8.1ll!8HHOJ! ll!IOCKOCTH) 

C KO0p.ZlHHaTaMH R; ' </J; • np,iqeM KaCaTellbHfill K Tp88KT0pHH 06pa3yeT yron ai C pa.ZlHy

C0M seKT0p0M (~M. pnc.2), TO (i.+ 1) -ag TOqKa TpaeKT0pHH na paCCTOHlll!H lJ. ·s OT ·nep

B0li 6ya°eT HM8Tb K00P.1lllH8Tbl Ri+l • ef,.i+l II yron _KaCaTenhH0l! C· •pa.ZlHYCOM ai+l~ np11qeM 
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¢ =¢ +!J,ssina/'R+,i.t,s 2 
cos a /2p R · 

1+1 I I "l 1· I I ttz 
(3) 

3.o:ecb P, -pa.o:Hyc KpHBH3Hbl TpaeKTOpHH !IB.JlSleTC!I cpyHKUHell R H ¢ H Bbl'lHC.JlSleTC!I 

)l.Jl!I K8)K)l0l! TO'IKH H3 H3BeCTHOl! TonorpacpHH non!I. p - cpe.o:HHll pa.o:Hyc KpHBH3Hbl 

HS paccM8TpHaaeMOM 3.rteMeHTe t.s • Ha pHc. 2 p/R< 0 • Jlng Bhl'lHC.rteHHll B Jl,eKapTOBOl! 

CHCTeMe Ko.:ip.o:HH8T MO>KHO npeof5p830B8Tb cpopM)".Jlbl (3), C'IHT8!1 R➔ -. 

Ec.rtH HaaecTHa oceaa11 TpaeKiopH!I a Me.o:HSHHoll nnocKOCTH a.1111 qacTHU c p = p 
0 

TO MO>KHO HCC.rte)lOB8Tb qJOK)"CHpy1011lHe CBOl!CTB8 no.1111. 

PaccMoTpHM npoHaBo.rtbHy10 TpaeKTOpHIO 'lSCTHUhl c HMnynbCoM p 
O 

+ dp • BaeaeM 

KpHBO.JlHH0llHYIO CHCTeMy KOOpJlHH8T, OCH KOTOpoll HanpaaneHbl no pa.o:Hycy KPHBH3Hbl oce

BOl! TpaeKTOJ?HH (x) , B0pTHK8.JlH (y) H CKOPOCTH 'l8CTHUbl B Jl8HHOll TO'IK0 oceaoll Tpa0KTo-

pHH('sJ • Toraa x H y oyayT npoeKUH!IMH paCCTO!IHH!l. M0>K)ly TpaeKTOpHSIMH HS ropH-

30HT8.rtbHYIO H aepTHK8.rtbHy10 nnoCKOCTH. EcnH dp /p0 << 1 H x/R .<<1 , rae R - pa.o:Hyc 

KpHBH3Hbl oceeoll Tp80KTOpHH, H ec.rtH MO>KHO C'IHT8Tb Mar HHTHOe none OO.J18)l8l0111HM Ao

CT8TO'IHO MS.rtoll BTopoll npOH3B0)lHOli (( x,I 2) a2n y / a x 2 .<< a By/ a X ) , TO )l.Jl!l H3M0H0HHll 

X H Y B)lO.Jlb oceeoll TpaeKTOpHH Mb! no.rty'IHM (e . .JlHHel!HOM npHO.JlH>K0HHH)ypaBH0HH!l 

d
2
x,Jd·s 2 +(1'-n)x=dp,/p

0 
R 

d} I ds 2+ ny = 0, 

(4) 

(5) 

3TO TSK H83b1B80Ml,fe yp8BH0HH!l 00T8TpOHHhlX KO.J10Q8J\H/
31 

(cM. T8K>Ke
1171 ). 3.o:ecb n -no

K838T0.Jlb M8rHHTHoro no.1111: n = - ( By) ia By/ax;R lR, rpaAHeHT cany/ax) R Bbl'IHC.Jl!l0TC!l. Jl.JlR 

HanpaeneHH!I, HOpM8.JlbHOro K oceeoll TpaeKTOpHH. ~TH ypaBH0HH!l H8JlO 'IHC.J10HHO HHTerpH-

p0B8Tb BJlO.Jlb oceeoll TpaeKTOpHH OT MHW0HH 

BHe MarHHTHOro no.1111 (cM, pHC. 3). 

( ·s =O) AO npOH3B0.JlbHOll TO'IKH ·s=s 
1 

BblXOJl!llllHll ny'IOK MO>KHO onHC8Tb nono>KeHH0M. MHHMOll MHWeHH. Ee onpeAe.rt0HH0 

(Jl.rtR ropH30HT8.JlbHOll ll.JlOCKOCTH) RCHO _H3 pHC. 3a. npH CH.JlbHOll qJOKYCHpOBK0 lly'IOK 

MO>K0T CXOJlHTbCR, OOpaayg JlellCTBHTe.rtbH00 H300pa>KeHHe _MHW0HH. MHHM8!1 MHWeHb 

X 
L 

, OT.JlH'l8IOWYIOCll OT HC~HHHOll. BbI'lHC.rteHHe ropH30HT8.JlbHOro 

yee.rtH'l0HHR ll0RCH0HO HS pHc. 36. nHHel!Hy10 JlHCneiic:HIO H30f5pa>KeHHR D = XL p I dp, 
0 

T.e. H3MeH0HHe nono>KeHHR MHHMOl! MHWeHH npH H3M,eHeHHH HMny.rtbCa 'l8CTHUbl MOl>KHO 

HSl!TH, HHTerpupy11 ypaanenue. (4) npu dp,/ p I, 0 
0 

5 

x'-= 0 
0 

(cM. pHc. 3a). 



BBH.OY Toro, 'ITO B ypaBHeHHH (4) coxpaHeHbl nHlllb qneHbl nepaoro nopH.OKa Mf'nOCTH OTHO· 

CHTenbHO x./ R. H clp/ Po• nono>KeHHe MHHMOil MHllleHH .OnH Po + dp nonyqaeTCH, Ha TOM >Ke 

paccTOHHHH OT ·s=·s, , 'ITO H .om1 Po 

11HTerpnpoBaHHe ypaBHeHHH (5) OT S= 0 .00 ·s=·s, • .oaeT B03MO>KHOCTb Bbl'IHCnHTb 

nono>KeHHe MHHMOJ! MHllleHH ,llllSI BepTHKMbHOl! nnOCKOCTH H_ COOTBeTCTBYIOlllBe yaenH'leHHe; 

L
8 

= - y 
1
/( dy Ids J 

1
, yo= 0 (6) 

Mr.>=Y, -L
6 

(dy/ds)
1

/ y
0

; (dy/ds)
0
=0, 

(6') 

3aMeTHM, 'ITO TpaeKTOpHH qacTHU a Heo.ouopo,oHOM none MoryT Bbl'IHCnHTbCSI Ha aneKTpOHHo

C'leTHblX MalllHHax, .llnH onpe.oeneHHH nono>KeHHH MHHMOl! MHllleHH, ysenH'leHHSI H .OHCilep

CHH Bbl'IHCnSIIOTCSI TpaeKTOpHH npH H3MeHeHHblX Ha'IMbHhlX ycnoBHHX. B 3TOM cnoco6e nerKO 

MoryT 6b!Tb npoBepeHbl H Y'ITeHbl HenHHel!Hbie HCKa>KeHHSI, B03HHK8.IOlUHe npH He.oocTaTO'IHO 

Me.oneHHOM H3MeHeHHH nong HnH cnHlllKOM 6onhlllHX OTKnOHeHHHX OT ocesol! TpaeKTOpHH, 

§ 2. Ksa.opynonbHbie MarHHTHbie nHH3bl 

Ksa.opynonhHhle nHH3bl HBnS110TCSI OCHOBHblM aneMeHTOM MarHHTHblX cpoKyCHPYIOlllHX 

/4 5. 17-20/ 
CHCTeM. 0HH .OOCTaTO'IHO OilHCaHbl s nHTeparype (cM,. HanpHMep, ' . '. ) , noaTOMY 

Mb! .6ea .OOKaaaTenbCTBa npHBe,OeM cpopMynbI. OilHCblBalOlllHe CBOl!CTBa mrna. 

MarHHTHbll! noTeHuHan B anepType nHH3bI paseH V =:-Ax Y, r.oe A•GI/Lo 

'G -rpa.oHeHT nonH B Tnl M ) , 0TCIO.Oa cocTaBnS110lUHe HH.OyKUHH B z • Gy B,. • Gx 

( cM,pHc.4). A6coulOTHoe aHa'leHue pa,ouanhHoro rpa.oueHTa I dB,/ dr I =·G , 11H.OYKUHH 

Ha non10cax y seplllHH runep6on paBHa Ga , r.oe a-. pa.ouyc BillfCaHHOl! OKpy>KHOCTH, 

PellleHHe rapMOHH'leCKOro ypaBHeHHSI .OBH>KeHUH qaCTlfUbl B none nHH3hl .oaeT .onH 

KOOp.OuHaTbl H yrn~ ~b1neTa qaCTHUbl Ha BhlXO,Oe lf3 nlf.H3bl ( B cnyqae <pOKYCHpOBKH) . Bb!pa-

1 :>KeHHB 

xt = x
0 

oosyk t + ( xi ,/yk J sin yk f 

xl- = - x
0 

yk ·,inyk t + x';,- oos yk ( (7) 

-2 
3.oecb k(B M )=0,29978 G /p, r.oe rpa.oue.HT G H3MBpS!eTCSI B Tecna/MtlTP .. ( 1 Tn/M a 

.100 raycc./ CM) • . P - B ras/ c, t.. - acpq>eKT~BHaSI .onHHa nHH3hl, XO H x;-- 3Ha<ieHHSI KOOP.OH· 

HaTbl H yrna Ha axo.oe B nHHay (z =0), 3TH peaynhTaThl nony'leHbl B o6bl'IHOM upe.ono-

x) Mb! npHMeM CHCT~My. KOOp.OHHaT, B KOTopol! O~b Z Hanpa~eHa ·no, OCeBOl!. Tpae~ 

TOpHH ( B uanpasneHHH CKOpOCTH qacTHUbl). OCb X - ropH30HTMbH.a <.. :rc·>O- sneso OT oce-

Bol!), OCb y - BepTHKanbHa ( y>O BBepx). 8 MarHHTBX, r.oe ocesag TpaeKTOpHSI HCKpHBne-

Ha, Mb! BMeCTO z 6y.oeM nucaTb ·s. .. 
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no>KeHIII! 0 ManOCTll yrna Me>K,ny CKOpOCTblO 'laCT!IUbl !I OCblO ( a= tg a"' x'- ), KpoMe 

Toro He y'lllThIBanoch .nel!CTB!le npo.nonbHol! cocTaan1110mel! non11, KOTopa11 3aae.n0Mo He 

paaHa HynJO Ha TOpuax n!IH3bl, Onpe.neneH!le scpcpeKT!IBHOl! .nnllHbl n!IH3bl !!CHO !13 pllc, 5a, 

8 ,npyrol!, nepneH,UllKyn!lpHOJ! nnOCKOCTll qaCTllUbl oy,nyT ,ne<pOKYCllpOBaTbCSI, npll 3TOM 

Ye = y .ch,/i:T'+ ( y, I yk) sh,/FT', 
0 0 

ye'"' -y V k sh/it+ y' ch ykf. 
0 0 

(7') 

PaccMaTpllBasi napannenbHbil! ny'loK Ha exo.ne ( x~- =·y'0 = 0), MO>KHO nony'lllTb cpoKyc

Hhie paCCTOSIH!ISI !I nono>KeH!ISI rnaBHhIX nnOCKOCTel! n!IH3bl (CM, p!IC, 56): 

(8) 

3.necb oe3pa3MepHbll! napaMeTp K =iIT . v1H.neKC + OTHOC!ITCSI K cpoKyCllpOBKe, - K D.0 ... 

cpOKYCllpOBKe, 11 - paccTOSIH!le Me>K,ny rnaBHOl! nnoCKOCTblO ll reoMeTpH'leCK!IM ueHTpOM 

n!IH3hl, BbIXO,UHaSI rnaeHaSI nnoCKOCTb npll cpoKyCllpOBKe C,UB!IHyTa OT ueHTpa K Ha'lany 

nHH3hl, npll .necpOKYCllpOBKe - K KOHUY n!IH3bl, Bxo.UHb!e rnaBHb!e nnoCKOCTll pacnono>KeHbl 

OTHOCHTenbHO ueHTpa CllMMeTpll'lHO BblXO,UHblM (CM, p!IC, 56). 

npll'lHHa C,UB!lra IOblXO,UHOl! rnaeHOl! nnoCKOCTll K Haqany nllH3bl Ka'leCTBeHHO SICHa 

!13 cne,nyJOlllllX cooopa>KeH!ll!, nepeasi nonoB!IHa n!IH3hl cpoKycHpyeT c!lnbHee, 'leM BTopasi, 

TaK KaK ny'loK B Hell npOXO,UllT ,nanbme OT OC!I, nosTOMY scpcpeKTHBHbll! ueHTp noeopoTax) 

C.UBllraeTCSI K Ha'lany n!IH3bl, npii .necpoKyCllpOBKe, HaooopoT, ,nel!CTB!le BTOpol! nonOB!IHbl 

nHH3bt CHnbHee. 

Ha p!IC, 6 npHae.neHbl rpacpHKH HOpM!lpoaaHHhlX 3Ha'leHHl! 11± ' a TaK>Ke HOMorpaMMa 

.nnsi onpe.neneH!ISI f/ f + no eenH'lllHe napaMeTpa K .• 06hI'lHO .aoaonhHO Manht, H rnaa-

Hble nnocKOCTll n!IH3bl MO>KHO C'l!ITaTb coana,na!OlU!IMll C ee ueHTp0nbHOl! nnoCKOCTblO, Ha-

npllMep, .nn11 e •1 M !I K =0,8. f+ •+l,7425M, E _ -1,4074, a 11+-+2,85cM ll11_-2,51cM, 

6onee rpy6b1M siensieTC11 np!16n!l>KeH!le •ToHKOl! nllH3bI', cnpaee.nmrnoe npll K << 1 

(cpaBH!I mKanbl e If+ !I K
2 

Ha p!IC, 6). 

0'leHb none3HblM SIBnSieTCSI aeCbMa TO'{HOe COOTHOllleH!le Me>K,ny f + !I 

/ 

x)_ To'!Ka nepeceqeH!ISI axo.nHol! '! BblXO.UHOl! TpaeKTOplll!, 

7 

/l'J./ 
f ; 
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TaK K8K o6b!'IHO K < 1 • TO rrorrpaBO'i~hlll 'iil0H B cpopMyne ( 10) He rrpeBbilll80T 1 %, 3Ha

'iHT0IlbHO 60ilbllIHe rrorpewHOCTH 'i~ll.{e B03HHK8IOT Ha-aa H0TO'iHOCTell np,i onpeAeneH>!H f 

( Ha-aa 38BHCHMOCTH f OT G H r ), 

<PopMynhI ( 11) CB!l3b!B8IOT H3M0H0HHe HMIIYilbCa 'i8CTHUhl C H3M0H0HHeM !pOKYCH!,IX 

paccTOHHHll IIHH3hl: 

d4 / f + .. ( 1 +K ctg K) dp/2p 0 .. ( 1- K 2 /6 - K-1./90} dp/p
0 

( 11) 

d f_/ f _ ,. ( 1 + K cth K ) dp / 2p0 • ( 1 + KZ/ 6 - K 4 / 90 ) dp I Po, 

1pacpHKH cpyHKUHll <5¥-Jl(..El!..) 
Po 

T8K)!{0 IIOK838Hbl Ha pHC, 6. 8b1llle 6hma H3Il0)!{0Ha TeOpHH 

HA08IlbHOll IIHH3hl C 'rrpsiMoyroITbHOl!' MOA0Ilbl0 IIOIIH, MO)!{HO arrpoKCHMHp0B8Tb peanbHYIO 

38BHCHMOCTb B, (z) (pHC, 5a) IIOAXOAHlllel! cpyHKUHel!, A8l0ll.{ell B03MO)!{HOCTb aHanHTH'ie

/5 6/ 
CKoro peweHHH ypaBH0HHH ABH)!{0HHH B IIHHae. MO)!{HO rrpHM0HHTb ' cpyHKUHIO ( fo -reO".'" 

MeTpH'i0CK8H AIIHHa IIOIIIOCOB) 

B / [l+(z + f /2 - z /vhz]:
2 

--.<z.<-f/2 + z 
r · · O O o O 
0 

B, ( z) = B, 
0 

-f/2+z.<z<f/2-z (12) 
0 • 0 0 O 

z z z 
B, /[1+(z-fv2+z

0
) /b ]. 

0 0 f/2 - z 
O 

.<z < + - , . 

napaMeTpbl Z
0 

H b 38BHCHT OT anepTyphi IIHH3hl a , a T8K)!{0 OT A0T8Il0l! KOHCTpyKI,tHH
0 

06MOTKH, copTa )!{0Il038 H .. T,A • .llnsi IIHH3 UEPH'a THIIH'iHbie 3H8'i0HHH z 0 0,625a' 

b •1,47a • .llnsi IIHH3 THila Mn16 ( a .. ,3 CM• fo •100 CM) H Mn17 (a =13 CM,fo a60cM) 

rrpH6IIH)!{0HHble B0IIH'iHHbl 9THX rrapaMeTpOB, ABIOU\He npaBHilbHOe 3H8'i0HHe 9cp!peKTHBHOll 

AIIHHbl, paBHhl zo - 0,650 a , b -1,42 a • CneayeT, OAHBKO, OTM0THTh, 'iTO cpopMyna ( 12) 

AIIH 3THX IIHH3 Hff O'i0Hb xopowo OIIHCblB80T peanbHYIO 38BHCHMOCTb B, OT Z ; 3KCI10pH-

M0HT8IlbHhie 3H...-~HHH BHYTPH IIHH3hl Bbillle, a IlpH 6onblllHX Z HH)!{0 3 H8'i0HHI!, A8B80MhIX 

cpopMynoll ( 12). 

J.1HTerpHp0B8HHe no z 38BHCHMOCTH B, ( z) ' A8B80MOI! cpopMynol! ( 12)' aaeT AIi!! 

9!p!p0KTHBHOI! AIIHHbl IIHH3hl cpopMyny: 

f = f ( 1 - 2 z + 0,5 11 b ) 
0 0 · . 

(13) 

/~ . . . 
B pa6oTaX I'pHBe H CeITTbe rrpoaeaeHO IIOAp06Hoe 3Kc.nepHM0HT8IlblIOe H3Y'i0HHe 

CB.Ol!CTB K1'8APYIIOilbHhlX IIHH3, 3TH BBTOpbl Haiumi, 'iTO 9KC110pllM0HT8IlhHbie 3H8'i0HHH rpa-

AH0HTOB, Heo6XOAHMhlB AIIH !pOKyCHpOBKH, ,o6bI'iHO rrpeBbllll8IOT pacc'iHT8HHbie H3 'rrpHMo

yronbHOll' MOA0IIH Ha 1-1,5% (MaKCHM8IlbHO - 3% IlpH CHilbHOll !pOKYCHpOBKe). MOA0Ilb 

C IIOCT0Il0HHbIM CI18AOM IIOil!I (cpopMyna ( 12)) aaeT H0CKOilbKO ny.'iwyro TO'iHOCTb, 
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3aMeT!lbie norpeurnoCTII BIIOCIIT 11enocTO!IIICTBO rpa.n11e11Ta G np11 yaen11qe11u11 r • 

KOTOpoe CT8IIOBHTC!I aaMeT!lblM np11 r ?. 0,7a 
x) 

OTKno11e111111 ca11aa11b1 rnaaHbIM o6paaoM 

C "06peaa1111eM" r11nep6on11qeCKIIX non!OCOB II Il8CbIIUe1111eM 2Keneaa np11 6onbWIIX 1111.UYKUIIHX. 

Pa3Ilb!0 aaTOpbl npe.nnara!OT paanll'lllbl(l BII.UOll3Me!le!IH!I cpopMbl non!OCOB .nn11 Toro, 'ITO0bl 

yaenll'IIITb o6nacTb c •xopow11M"· noneM
15•61• npe.nnaran11cb TaK2Ke cneu11anb11ble 11aca.nK11 

. • 15,6I n 
118 TOPllBX n11113 bl .nn11 yMellbWellll!I 38BIICIIMOCTII L OT X II Y • pH ynen11qe111111 

1111.0.YKllllll HeMHOrO yMellbWBeTCSI 113-aa 118CbIIUe!IHH 2Kene3a 118 TOpllBX. :fMeI1bWeI111e f 
/6/ 

.UOCTHraeT 1-3% • 

8 pacceHHIIOM none nHil3bl KpoMe KOMno11e11T B,, II By np11cyTCTByeT T8K)Ke KOMno-· 

11e11Ta B • • Ee .nel!CTBll8 npHBO.UIIT K CBH3II Me2K.ny rop1130IIT8nbllh!M II aepTIIKBnbllbIM .UBH

)Ke!IHeM '{8CTllllbl B mm3e, KOTopag He Y'IIITbIBanacb 113no2Ke1111oll Bb!We Teop11ell. np11 3TOM 

11a axo.ne B n1111ay II Bb!XO.Ue 113 Hee . .nel!CTBl!e B.• , BOO0IUe ronopH, He KOMne11c11pyeTCS1. 

O.UHBKO 113-3a MBnOCTII CKOpOCTel! v,, II Vy B03IIIIK8!0IUlle ccpep11qeCKl!e a6epp8UIIII 11enen11-

KII/B,5/ • Ocy1UeCTBneH11e Kna.npynonbHOro MarHIITHOro nonH B03M02KHO He TOnbKO B n11113ax 

C Kpyroaoll anepTV0Ol! II r11nep6on11'1eCKIIMII non!OC8MII. naHocpCKlll! II Xe11.n
111, 11cnonb3YH 

11.0.4'!!0 n11'1'11101111 1 coa.nan11 n11113y c np>1Moyronb11oll anepTypoll, a KOTopoll none coa.na-

eTC>I TOK8MII O0MOTOK II !IX aepKanbllblMII OTpa2Kelll1!1MII B 2Keneae >tpMa, <llOTOrpacp1111 T8KOl! 

nllll3bl n0Ka3a11a 11a p11c. 7. • n11113bl na11ocpcKoro• Me11ee 3KOIIOMll'lllbl, qeM nHil3bl C r11nep-

6on11qecKHMII nomocaMH. K0Hcp11rypau11>1 nong B IIIIX 38BIICIIT OT TO'IIIOCTH 113rOTOBneHIISI 06-

MOTOK/ 
81

• npe11My1UeCTBOM 3TIIX .mma >IBn>IeTCSI B03M02KIIOCTb 6onee uon11oro 11cnonb3oBa

IIIISI anepTypbl nHil3bI, T8K KBK ny'IOK ncer.na Bb!TSIIIYT B O.UIIOM 11anpanne111111 (cM. § 4 ). 

Pa6oTa na11ocpcKoro II Xe11.na Bbl3Bana IIOBble pa3p800TKII, 113 KO'fOPbIX cne.nyeT OTMe-

/8/ 
Tl!Tb IIOBbill Tlln non!OCOB, npe.nno2Kel1Hblll B BpyKX3Be11e (CM. pllC, 8a). 8h!'ll!Cne1111>1. 

11a OCIIOBe KOTOpb!X 0bina CKOIICTpy11poaa11a nHH3a, Y'IIITb1Ban11 He TOnbKO none, co3.naaaeMoe 

2Kene3Hb!MII non!OCBMII, HO II none OOMOTKll/g/. B OTn11q11e OT n11113 C r11nep6on11'1eCKIIMII no

n!OC8MII B HOBb!X nHH38X O0MOTKII M8KCIIM8nbHO np116n11>1<eI1bl K none3HOl! anepType nHH3bl. 

Ha p11c. 86 noKa3aH n11ewH11ll n11.n TaKoll n11Hab1. Ha Topuax o6MOTKH np11>1<aTb1 K non10caM. 

::ho yMeHbW8eT pacce>tHHOe none. l13MepeHIISI noK83blB8!0T, •ITO 3TH nHH3bl 06na.na10T 

BeCbMa ManbIMII ccpepl!'leCKIIMII a6epp8lll!SIMII II 6onbWIIM noCTO!IHCTBOM 

pe nl!H3bl, 

no aceil anepTy-

3acny2KHB8!0T T8K)Ke BHIIM8HIISI nl!H3bl, B KOTOpblX none xopowo CKOppeKT11pOB8HO. B 

Cp8BHHTenbIIO Y3KIIX O0naCTSIX B.UOnb ocel! X II' Y / lQ/ • no 3KOIIOMll'{IIOCTII 3TII nllll3bl, 

x) 3cpcpeKTIIBilbilB:Bo/"IlbI, 11aMepen11ble .nn>t non>1 11 rpa.n11e11Ta, aoo6IUe roaop>t, 11e

CKOnhKO pa3nH'l8!0TCSI • • B ypan11e1111>1 .UBl!)Ke!IIISI BXO.UIIT rpa.n11e11T, ycpe.n11e1111b1ll OT 0 
.no r , noaToMy cne.nyeT nonb30B8J);:,C>I f , nonyqe1111ol! np11 ll3Mepe11HH~ B • H11or.na onpe-

.nenst!OT f no cpopMyne .r Bi=,=O !: f B (r, z) dz , BKn!O'l8SI 38BIICIIMOCTb B OT r 

B 38BIICIIMOC1b f OT r / 6~ -
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, /10/ 
TaK >Ke KaK II nHH3bl, pa3pa6oTaHHbie B EpyKXBBeHe, He ycTyna10T r11nep6onHqecKIIM' • 

. /27/x) 
Pac'!eT KBanpynonbHbIX n11H3 6e3 >Kene3a onHcaH B c:TaTbe • 

§ 3, M a I' H II T hi 

ct>yHKUIIII MaI'HIITOB B IIOHHo-onTHqeCKHX CHCTeMax qacTO He orpaHH'IIIBaIOTCll Hanpaa

neH11eM ny'!,Ka B HY>KHOM HanpaaneHHH H BbILleneHHeM IIHTepaana IIMnynbCOB. 11cnonb3Yll 

MaI'HHTbi C HeOLlHOPOLlHblM noneM, MO>KHO COBMeCTIITb cpyHKUIIH nHH3bl II MaI'HHTa H o6e

cne'IHTb noaopoT H cpoKycHpOBKY ny'!Ka
1111

• 3To oco6eHHO ueHHO Lln>I ny'!KOB HecTa6HnbHblX 

qacTHU, TaK i(aK n03BOnHeT COKpaTHTb nnHHY MaI'HHTHOl! CHCTeMbI. Mb! paccMOTpHM 061UHll 

cnyqaJ! c11nbHOcpoKyc11py10mero MaI'HIITa, a 38TeM HeKOTOpbie qacTHbie cny'laH. EyneM 

C'IHTaTb, '!TO MarHIITHOe none' B Men11aHHOl! nnoCKOCTII MarH11Ta ( CM. p11c.' 9) MeHHeTCll. no 

3aKoHy B (t) =B ( R)(R/t)n 
y y ' 

rne n - noCTOllHHbill noKa3aTenb nonH. n pennonaraeT-

CH, '!TO Ha oceaoll TpaeKTOpllll "r = R = const , PaccMOTpllM CHaqana cnyqaJ!, KOrna TpaeK

TOpirn Ha BXOLle II Bb!XO.z:ie 113 MaraHTB nepneHLlllKynHpHB scpcpeKTIIBHOl! rpaHHUe nom1. Oce-

aaH TpaeKTOpHH nenaeT B MarH11Te noaopoT Ha yron <f,0 = £/R, B HaweM cnyqae ypaaHeHHe 

(4) LlnH rop1130HTanbHOI'O LlBll>KeHIIH MO>KeT 6b1Tb nerKO npo11HTerp11poaaHo, nycTb CHaqa

na dp/p
0 

= 0 H n<l • Torna nnH cnyqag BXOLlHOI'O napannenbHoro ny'!Ka Ha BbIXOLle 113 

MaI'HIITa IIMeeM 

x,,_ = x cos(,J l•n f/R) =x cosw; 
'I' 0 0 

0 

x¢=-(x ,/k?/R)sin(,JkY/R)-(x w/f)sinw1 
0 o a (14) 

rne w =.J;;;;'£/R=,fl-n<f, • 0TCIOLla nerKo nony'IHTb TeM >Ke cn"oco6oM, '!TO II nnH KBanpy-
0 

nonbHOll nHH3hl, Bblpa>KeHHH nml cpoKyCHOI'O paCCTOllHllll, ft+ II paCCTOllHIIH /'>,. r 
+ 

Bb!XOLlHOl! rnaBHOl! nnoCKOCTblO II ueHTpanbHOl! nnoCKOCTblO MarHIITa ( ¢, = ¢, I '2). 

I 
r+ R si.n ( ,Jh fl R ) / ,JT-;;' = f / w sin w 

i'.r + = f ( 1 ._ cos w ) / w ·si.n ru - f/ 2 

• 

l n < 1 

3TH cpopMynbl no BHewHeMy DIILlY coanana10T C cpopMynaMII (8) II (9) Llnll nHH3bl 

Me>Klly 

( 15) 

(16) 

(a cpoKy-

c11py10mell nnoCKOCTII), Pa3nll'llle 3aKnIOqeHo B Blllle 6e3pa3MepHOI'O napaMeTpa: Llnll nHH3hl 

K=y0,3G/p , H nnH M8I'HIIT8 ·w=~f/li.=✓1/R 2 +(dBY/dt)R/RB f =JJ/R 3 +0,3G/p e, 
. Y, 

x) . 
np11aeneM eme nae cpopMynb1, none3Hbie nnH npenaap11TenbHblX oueHoK np11 t:oH-

cTpy11poaaHH11 nHH3. MaKCIIManbHLil! rpan11eHT, LlOCTll>KIIMblll (6e3 ,oco6i,1x IICK8>KeH11l!) B 

.'111H3e C pan11ycoM anepTypbl a) paaeH G M8KC (a Tn/M) = 100/" • I'Lle a B CM. Ecn11 
Ka>K.!lblll non10c nllH3bl OKpy>KaeT NI aMnepBIITKOB, TO (np11 OTCyTCTBIHI c,acceHHllll II B 
npennono>Kemrn µ>> 1 nnll >Kene3a non10coa) rpan11eHT nonH paaeH (a Tn/M) G =8rr 10-s Nl:/a, 
rne a B CM, KoHCTpy11poaaH11e n11H3 11 MaI'HIITOB o6cy>KnaeTCH B KHIII'e. n11a1111rcT0Ha H 

En1011Ta191 11 a o63ope naKKIIIIBI, 
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nosmnemrn •meHa .J/!1"
2 

non KOpHeM CBS!38HO C ceKTOpHoi1 q,0Kyc1IpOBKOi1, B03HIIK8IOIUei1 

113-3a ynenlI'ieHIIS! nm!Hbl TpaeKTOplIII C poCTOM r 

npu n ·> 1 

MynhI (15) II (16) 

B rop1I30HTBnbHOi1 nnocKOCTII ny'iOK 6yneT neq,oKyC1IpOB8TbCSI,II B q,op

BMeCTO ·sin o, II cos o, noi1nyT ·sh lw! II ch leul • OnHa.Ko Mb! II B 3TOM 

cnyqae MO)KeM q,opManbHO npuMeHIITb q,opMynhl ( 15) II ( 16 ), ucnonb3yll COOTHOIUeHIIll 

sin i lzl = ish I zl II cos i I z I = ch I z I ; 

( 15') 

~= £(1- cosw)/w sin o, - f/2 £ ( ch I "'I - lJ I I"' I sh I "'I - f/2. . ( 16') 

l-1HTerp1Ip0B8HHe ypaaHeHIIll (5) nnst BepTHKBnbHOI'O nB1I)KeH1IS! qacTIIUbl naeT q,oKyCHOe 

paccTOstHIIe no aepT1IKan1I (np1I n >·o. ): 

nplI n <O 

(15') 

no nepTHKanlI 6yneT neq,oKyCIIpOBK/ll, HO q,opManbHO q,opMyna ( 15') OCTaeT-

Cll B cune ( n = i I n I J ·: 

1 ~ = - fl I n t sh I n I= £/ n sin n . (15"') 

<t>opMynhl nnst l!i. nnst aepTIIKanbHOI'O na1I)KeHIIll TBK)Ke coananaJOT no BHelllHeMy BIIny 

C (9). 

"' II cf, ynonneTBOpS!!OT COOTHOllleHIIIO 

(17) 

HanpHMep, nplI O .<n<J w=yl•n cf,, {l=y7, ef, II o6a qJOKYCHblX pBCCTOllHllll nonO)KIITenb-
0 . 0 

Hbl (cna6ast qlOKyc11poaKa). B npyrlIX cny'iastx O.rllIH II3 napaMeTpOB OK83bIBBeTCll MHIIMbH,1 

II npK ero nonCTBHOBKe B cpopMyny I= f/o, sinw IInll £/{}sin n COOTBeTCT~yroruee q,oKyc

HOe paCCTOllHKe 6y neT < 0 • 0TM0TIIM, 'iTO COOTHOlll0Hlle ( 17) cnpasenn11B0 II nnsi 

KnanpynonbHblX nlIH3 • B 3TOM cnyqae ¢0 = 0 ' MonynlI "' II IJ paBHbl ( TBK KBK 1/R= 0 ) 

II o, =i{l. 

PaccMOTpllM Tenepb n1Icnepc1110 MBI'HIITB. l-1uTerp1IpOB8Hll0 ypaaHeHllll (4) nnsi cny-

qast dp/p ,I O naeT np11 n <O, x~-= 0 

xef,: (x
0 

-dpR/p0 ( 1-n)) roso, + dpR,/p 0 ( l•n), (18) 

x';p_.=-(x0 ,j'T-n,!R -dp/p0 yJ-n)sin 0) • 

4acTIIUB, axonstruasi B MBI'HIIT no ocenoll TpaeKTOp111I ( x,, = ]{,~· = 0 np11 (J = 0 11n11 r "'°). 
BbIXOnllT II3 MBI'HIITB non yrnOM K ocenoll TpaeKTOplllI (nnsi Po ) : 

ckz,. x~= dp sino, /fl, yy.:;;- =¢0 (sinw lw ) dp /p 0 • 

0 

( 19) 
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np11 Ma llbIX yrnax nosopoTa yr nos a,. .n11cnepc11!l da p0 I dp , KaK II cne.nosano O)KH-

.naTb, pasHa q,
0 

• Hall.neM Tenepb a<p<peKT!IBHb1ll ueHTp nosopoTa ocesoll TpaeKTOp1111 .nm, 

11MnynbCa p
0 

+ dp Bbi'IIIC/leHH!I noKa3.bIBaroT, 'ITO npO.llO/l)KeH11e npstMoll, onpe.nensteMol! % cj, 
0 

11 x;
0 

B cpopMyne ( 18), nepeceKaeT npO.llO/l)KeH11e ocesoll TpaeKTop1111 .llllst p = p
0 

s TO'IKe, 

OTCTO!I mell OT aa.nHell rpaHl!Ubl nonst Ha paccTO!IHIIII 

L = R( 1- c:oso,)✓,/T-n•si.no,=f(l-ros o,)/o, ·si.no,. (1s•) 

0TCIO.lla B11.llHO, '{TO a<p<peKTIIBHblll ueHTP nosopoTa /le)Kl!T Ha BblXO.llHOll rnaBHOl! nnoCKOCTII 

MarHHTa. 

PaccMOTpeH11e TpaeKTop111l c x0 I O noKa3bIBaeT, 'ITO cpoKycHoe paccTostHHe .nnst 

qaCTHU C p = po + dp , B np11MeHeHHOM HaMH npllO/lH)KeHHH, oKa3bIBaeTC!I TaKHM )Ke, KaK 

II .llllst qaCTHU C IIMTIYllbCOM p
0 

• ilnll CTpororo yqeTa H3MeHeHl!!I f np11 1!3MeIEHIIH 

HMnynbCa cne.nosano Obi coxpaHHTb B~e '{/leHbl BTOporo nopst.nKa ManocTH, KOTOpbie Oblnll 

OTopomeHbl npH nonyqeHHH ypasHeHH!I (4) 113 TO'IHOro ypasHeHl!!I .llBl!)KeHH!I. np110/ll!)KeHHO 

113MeHeHl!e l!MliYllbCa MO)KHO yqecTb _ COOTBeTCTBYIOlUIIM 113MeHeHHeM n Ha 

n'= n( l-dp✓p0 ). 3To 3KBl!BaneHTHO yqeTy mllll b O.llHOro _1!3 OTopoweHHblX 

'l/leHOB BTOporo nop!l.llKa Ma/IOCTH s npasoll qaCTI! ypasHeHH!I (4), a l!MeHHO nx dp /po R2• 

A11a11or11'1Hb1e pe3yllbTaTbI cnpase.n1111sb1 I! .llll!I cnyqag n > 1 • 11x MO)KHO nposep11Tb, 3aMe-

Hilst OJ Ha i rOJ I• no sepTl!Ka/11! 113MeHeHl!e l!MnyllbCa npl!BO.lll!T (npHO/lH)KeHHO) 

1!3MeHeHHIO f !:, , TaK KaK fl=vn' <p
0

• 

nIHlib K 

HaM OCTaeTCSl pacCMOTpeTb cnyqal! np01!3BO/lbHOrO sxo.na TpaeKTOpHI! B MarHHT I! 

Bblxo.na 113 Hero (suyTpll MarH11Ta Ha ocesoll TpaeKTop1111 no-npe)KHeMy r = R ). Onpe.ne

neHHe yrnos sxo.na .II Bb1xo.na ( 0 I! r ) .na110 Ha p11c. 10: O> 0 I! , > 0 , ec1111 Hop

Manb K rpaHHue UO/l!I 11aXO.lll!TCSl OT ocesoli TpaeKTOpllH co CTOpOHbl ueHTpa Kpl!Bll3Hbl o. 
113 pile. 10 BH.llHO, 'ITO TpaeKTOp11st, napa1111e_11bHast ocesoli, Ha sxo.ne s MarHIIT npoxo.nHT 

(.no ? =0) B MarHHTHOM none 1!30blTO'{Hb!ll' no cpasHeHl!IO C ocesoll TpaeKTOpHeil, nyTh, 

np1161111)KeHHO paBHbill /',. s = XO tg 0 np11 sTOM TpaeKTopHst nosopaq11saeT na yron 

/',.a= x' I',. s/ R = x
0 

tg0/ R· C'1<1Ta>1, '!TO Ha- 3TOM yqaCTKe KOOp.llHHaTa He MeH!l/laCb (ToH-

K_all lll!H3a! ) , Mbl nonyqaeM pacCTOSllll!e .llO TO'IKI! nepeceqeHl!ll C ocesoli TpaeKTOpHell 

(cpoKyCHOe paccTO!IHHe) Be/ll!'IHHY 

fB = _RI ig 0. (20) 

Ha sb1xo.ne ua MarHHTa f 8= RI tgr. Ka~ 11 pnst oobI.'IHhIX TOHKHX lll!Ha, cpoKycHoe paccTost

HHe .llll!I nepneH.llHKynstpHol! nnoCKOCTli '(sepTIIKa/111) .ll0/l)KH0 OblTb o6paTHoro 3HaKa, T.e. 

npl! 0 > 0 111111 T )> 0 no sepTHKa_llll 003HIIKBeT .necpoKyCHpOBKB. 0Ha Obl3B8Ha HallH'IHeM 

Ha Topuax MarHHTa npo.llO/lbHOi! COCTBB/l!IIOU.i'eil non st B z, ( 0 Me.llHaHHOll nnocKOCTli B Z =O ). 

npn 01,0 ~ r:/ 0 HMeeTcst COCTaBlll!IOlUMI CKOpOCTH, 'IBCTHUbl, napa1111e1IbHa>1 3<pcpeKT1fB• 

HOli rpaHl!Ue nonll. 0TCIO.lla B03Hl!K'."eT oepT!lKB/lbHall KOMnoHeHTa •CH/lb! n'?peHua, nponop

UHOHB/lbHBSl y. Pac'!eT .naeT (cM. Hanp/4,11/) 
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1
6 

=-R/tg0 (HnH -R/tg r ), 
(21) 

npH pacqeTe cj:,0KycHpy10mero .uellcTBH!I ecero MarHHTa nocne.uoeaTeJlhHO npHMeH1110T cj:,op-_ 

Mynbl .on11 Kpaeeoli cj:,oKycHpOBKH Ha axo.ue, 38TeM Bbl'lHCJl!IIOT noeopOT H cj:,oKyCHpOBKy, B CeK

TOpHOM MarHHTe. nocne 3TOro paccMaTp1rnaeTC!I .uellCTBHe BbIXOJlHOll Kpaeeol! "11HH3bl" Ha 

nony'leHHbie Hao6pa>KeHH11. Dn11 q,/p0 =IO Hao6pa>KeHHe nocne ceKTOpHoro MarHHTa 6y.oeT 

CMeIUeHo OT OCH ( no ropH30HTanH) Ha BeJIH'lHHY d ll b , r.oe da - onpe.oem,eTCH JlHc

nepcHel! (cj:,opMyna ( 19)), a b - paccTO!IHHe OT BbIXOJlHOll rnaaHOll nnOCKOCTH ceKTOpHoro 

MarHHTa . .uo H306pa>KeHH!I. Ha 3TO CMemeHHoe H306pa>KeHHe .oellcTBVeT BbIXO.OHasi Kpaeea11 

mrnaa, HaMeH!l!I JIHHel!HYIO JlHCnepCHIO COOTBeTCTBeHHO 

3TOJ! JIIIH3bl. 

KOscpcj:,HuHeHTy yaenH'leHH!I .011!1 

B cny'lae ceKTOpHoro MarHHTa c o.oHopo.oHblM noneM (n=O) cj:,oKyCHoe paccTOHHHe 

(0=r= OJ 
fr = f / <A, ·sin ¢0 = R/ sin ¢ 0 ; t:,.r= R ~ ( 1+ 0,1 ¢: )/ 24. 

(22) 

Dnsi eepTHKanhHoro .OBH>KeHHH a STOM cnyqae 

nepCHH JlJIH ceKTOpHoro MarHHTa npH n = o 
I.=~ 

B 
, T.e. cj:,oKyCHpollKa oTCyTcTayeT. DHc· 

paaHa 

da Pol dp = ·sin ¢ 0 (23) 

PaccMOTpHM Tenepb MarHHT C •npsiMoyronbHbIM" noneM: BXO.OHaH H Bb!XOitHa!I rpaHHUbl no

JIH napannenbHbl (cM. PHC. 11 ). B 3TOM cnyqae Kpaeea11 cj:,oKyCHpOBK8 no ropH30HTanH 

IlO'lTH IlOJIHOCTblO KOMITeHcHpyeTCH ceKTopHoll cj:,oKycHpOBKOll, H 06b!'IHO cj:,oKycHpOBKOll no ro-

pH30HTanH MO>KHO npeHe6pe'lb loTCYTCTBHe rop11aoHTanbHOl! <pOKYCHpoaKH cne.oyeT Ha 

npH611113HTeJlbHOro paeeHCTBa ilJlHH TpaeKTOp11ll B MarHHTHOM none). B TO >Ke epeM!I no 

aepTHKanH acer a a 6y .oeT cj:,oKycHpoaKa. DellcTBHTenbHO, Ha pHc. 11, BR.OHO, 'ITO O+ r=-¢
0 

<0 

TaK '!TO B uenoM BXO.OHaH H BblXO.OHa!I "Kpaeebie• nHH3bl 6y.oyT cj:,oKyCHpOBaTb (cM. (21) ). 

EcnH TpaeKTOpH!I npoXOJlHT qepea MarHHT CHMMeTpH'lHO ( 0=r=-¢0 /2 ) 
HO Man, TO cj:,oKyCHoe paccTO!IHHe 6y.oeT paaHo 

(24) 

a rnaBHbie nnoCK.OCTH coenaayT C ueHTpOM MarHHTa. DucnepcHH np!!MoyronbHOro MarHHTa, 

BBH.OY OTCYTCTBH!I cj:,oKyCHpOBKH no ropH30HT811H paaHa 

(25) 

a ueHTp noaopoTa coena.uaeT C ueHTpOM 1'.tarHHT8. 3TOT peaynbT8T, ecTeCTBeHHO, MO>KHO 

nony'lHTb sneMeHTapHblM nyTeM. Cne.oyeT no.oqepKHYTb, '!TO ypaeHeHH!I JlJIH cj:,OKYCHpOBKII 

M8rHHT8MH 3H8'lHTeJlbHO MeH~e TO'!Hbl, qeM COOTBeTCTByJOIUHe cpOpMyJlbI JlJIH JIHH3. npH'lH

HOJI sToro 11~ri11eTcsi npH6nil>KeHHbill xapaKTep ypaeHeHHll (4) H (5). B o6meM cnyqae ece _ 

MarHHTbI, aHanorll'lHO npH3MaM B caeToaol! onTIIKe, BHOC!IT acTHrMaTH3M, KOTOpblll yaenH-

13 



q11aaeTc!I c yrnoM noaopoTa, aen11q11uol1 In I , wup1rnoll ny'!Ka, aenH'IHHBMH yi:_noa O II r , 

a TBK>Ke C pOCTOM d
2
B /dx 2

• noapot5Hhl8 paC'l8Thl <pOKyc11py!0WHX MBrHHTOB npoaenaHbl 
Ill/ ,. . 

CTepaxel!MepOM · ·, O,llHa K?, ero q,opMynhI BeCbMB rpoM03,llKII, 11, no cyweCTBY, 3KBHaa-

neHTHhl npeano>KeHHOll 3.ll8Cb cxeMe pacqeTa MBrHIITOB. 

. /38/ 
ilaHHnOB II Caa'!eHKO npeano>KHnH npOCTOll cnocot5 <pOKYCllpOBKII npH llOMOllU! 

>Kene3HhlX t5pycKOB B Me>Knon!OCHOM aaaope MBrHHTa. 

III npocTellw11e MarHHTHhie cHcTeMhI 

§ 4 • .fl...l'.t5n~_!£_~.f1..El."OnbHhlX nHH3 

0.llllHO'IHB!I KBB.l:lpynonbHB!I nHH38 qJOKYCllpyeT B O.llHOJI nnOCKOCTII II .[(8<pOKyCHpyeT 

B nepneH.llHKym,pHoi!. noaToMy .lln!I ,llOCTll>K_eHHSl <pOKyc11pOBKH B ot5e11x nnOCKOCT!IX uaao 

npHM8H!ITb H8CKOnbKO m!H3. ilyt5neT mrna - npocTeilwa!I CHCTeMa mrna, llB!OlllB!I aeilCTBII

TenbHOe 11aot5pa>K8HHe. ilyt5neThl nHH3 WllpOKO npHMBH!llOTC!I B MarHHTHhlX cj:,0Kyclipy,om11x 

CIICT8MaX II HX cnollc-rna t5yayT paccMoTpBHhl B nepny,o oqepeab. 8 ayt5neTe nl!H3hl OOhl'IHO 

pacnonarB!OTCII TBK, '!TO IIX nnocKOCTII CHMM8Tp11H Ox H Oy COOTBBTCTB8HHO rop1130HTBnb.

Hb[ H BepTIIKB nbllhl, npH'18M, ecnH n
1 

<pOKyc11pyeT B llBHHOi! nnoCKOCTH, TO n
2 

-aecp0Ky

c11pyeT (nnOCKOCTb <t>il); B nepll8HllHKyn11pHOi! nnOCKOCTH llOp!lllOK qJOKYCllpOBKII oylleT, 

0'18B11.llHO, .[].ct>. Cpaay >Ke B03HIIK88T aonpoc, K8KHM ot5pa30M onpeaenHTb cpoKyCHhie pac

CTO!lllll!I nHH3 an!I Toro, 'ITOOhl nony'IIITb H30t5pa>KeHHe MIIWSHII B BhlopBHHOM IIBMII MeCTe. 

B np11t5nH>KBHHII TOHKOll n11nah1 (f+ =-f_·, /1,.+= /1,._=0) aaaaqa pewaeTc!I O'IBHb nerKo. Ecn11 

a -paCCTOIIIIIIB OT U8HTpa nl ao MHWBHII, d - paccTOIIHHe MB>Klly UBHTpBMII nHH3, a 

b -paccTOIIHHe OT UBHTpa n
2 

ao H300p8>KBHll!I (npeanonaraeTC!I, '!TO a H b OllHHBKOBhl 

B ot5e11x nnocKOCT!lx), TO np11Moe np11MeHeu11e q,opMyn TOH Koll n11Hab1 ( 1/a + 1/b = 1/f 
I I 

H T.a., a> 0 • b >O np11 aei!CTBIITenbHOM IICTO'IHHKe II H30t5pa>KeHHH) aaeT an!I <pOKyc-

HhlX pacCTO!IHlli! f H f 3H8'18Hll!I 
l 2 

1
1

= ± a ydn/mp; 12= 'I'" b ✓dm/np, (26) 

3aecb m= a+d , n=b+d p=a+ b+ d • ct>opMyni,, ( 26) llB!OT 38Bb[WSHHh18 3HB'IBHIIII 

1
1 

11 f 
2 

(aau11>1ceHHh1e rpaa11eaThd. ropaaao t5onbwy,o TO'IHOCTb MO>KHO nony'IHTb, np11HHr: 

Mall no-npe>1rneMy /1,. =/1,. =0, HO Hcnonb3yll COOTHOWeHHe (10): / + /_,.. f/3. 
+ - /)2/ + 

Toraa uy>KH&re uaM 1
1 

H 1
2 

panHhr 

r-:;:_ --. . 
I =a..,;~--· [ 1 - c (mn +pd)/ 4adn -c jtrJt-pd),/i4bdm ]+c /2 (27) 
I mp t t 

I 2 b µ;;i 1 - c
2 

(mn + p dJ/ 4bdm - c1 (mn - p d}/,4 adn)+c,12. 
np 
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3necb ~ = ft+ ; f2= f 2+; ctf / 3 ' C 2- f/ 3 • rne £ 1 II £ 2 aq:H:peKTIIBHbie ,anllHbl nl II n2 • 

8T11 cpopMynu nony'leHbI a nepaoM np116m1>KeHm1 np11 paano>KeH1111 peweH11>1 KaanpaTHoro 

ypaaHeHlrn B Pllll no C 1 II C 2 II npeHe6pe>KeHIIII Bb!ClllllMII qneH8MII. To'IHOCTb onpe,aene-

HIISI f
1 

11 /
2 

no cpopMynaM (27) cocTaBn>1eT - 1% np11 f/f~ 1 , 11 ewe 6onee ynyqwaeT-

CSI npll yaen11qeHIIII II f , O,aHBKO O'!eHb '18CTO npllXOllllTCSI IIMeTb neno co cnrrn>1M11, 
1. 2 

Korna IICTO'IHIIKII 11n11 11ao6pa>KeH11>1 (11n11 II Te II npyr11e) B nnocKOCTSIX <PD II ,D<P He coa-

nana10T, 3To Mo>KeT 6bITh cne,acTBlleM _cp0Kyc11py10wero nellcTBllll non>1 ycKop11Ten>1 11 

OTKnOHSIIOlllllX MarHIITOB, HO IIHOrna TaKoe HecoananeH11e aepTIIKanhHOro II rop1130HTanbHoro 

11ao6pa>KeH11ll BBOllllTCSI YMbilllneHHO. Mo>KHO nony'IIITb KBanpaTHOe ypaaHeH11e ,an>1 H8XO>Kne-

HIISI f II f 1121 
(a np116n11>KeH1111 cpopMynhI (10)), OnHaKo Koacpcp11u11eHTbI aToro ypaaHe-

1 2 

HIISI IIMeIOT noaonbHO cno>KHblll Bllll (,na>Ke B np116n11>KeHIIII f+=-f_ ). rloaTOMY B aTOM 

cnyqae peKOMeHnyeTCSI H8XOllllTb t,. II t, MeTOllOM nocnenoaaTenbHb!X np116n11>KeH11ll, np11 

aTOM CBOllllTCll no MIIHIIMyMa B03MO>KHOCTb ap11cpMeT11'1eCKIIX ow1160K. H11>Ke onllCbIBBeTCll 

cnoco6, na10w11ll O'leHb 6bICTpy10 CXOllllMOCTh • .Dnll onpeneneHHOCTII Mb! paCCMOTpllM KOH

KpeTHOe pacuono>KeH11e n11Ha ( HBM aTo n0Hano611Tcll B ,aanbHellwe~d. 

nycTb a nnoCKOCTII <P,D a, =6,3 M, b,=1,8 M; a nnoCKOCTII .D<P a;=5,8, b;·=3,l M, 

nl II n2 - n11H3bl Mnl7 C e =0,72 M; a d = 1,4 M (cM. p11c. 12). 

1) Bb1611paeM ft+ ( a nnocKOCTII <P .D) TBKIIM, 'IT06b1 nonyq11Tb npoMe>KyTo'lHOe 11ao6pa· 

>KeHlle IICTO'IHIIKa (oT nl) HB paccTOllHIIII b,I 3 aa n2; Torna b, = d+b /.3 =2,0 M 

/
1 = a b / a + b = 6,3, _2,0/8,,3= 1,52 M 

Z+ J l l t 
2) nocne oueHKII Ii+ nepexo,a11M K nnocKocT11 ,D<P, 11 .=f/;J-ft+ =0,24 M ·-l,52M=-l,28M. 

b;= a;•f
1
_/a;· -1

1 
... _=-5 1 8•1,28/7,08=-l,048 M; a';=d-b;=+2,448 M. 

Tenepb onpenen11M f ,+ , na10wee TO'lHYIO cpoKyc11poaKy nnll nnocKoCTII .Jl<P (np11 Bb16paH

HOM /
1
·,_}: /2+ = a~ b: /a';,+ b'2 = 2,448, ,3,1/5,5.L[j =+ 1,i37 M•. 1

2
_ = - 1,1,3 M 

3) nepellneM Onl!Tb K nnocKOCTII <P,D, HO HB'lHeM C KOHua: Hall,aeM B2 ,anll nony'leH· 

Horo t,_ : a2 = b 2 f 2 / b, -f 2• =-1,l3,1,8/2,93=--0,693wenepb Mb! nonyqaeM yTO'lHeHHOe .3HB'le

Hlle b
1 

=d• a 
2 

=+2,093 M II f 1+ =2,093' 6,3/ 8,393 =+ 1,570M, 

4) YTO'lHl!eM cpoKyc11pOBKY a nnoCKOCTII ,D<P: b;- =-l,330•5,8/7,130=-l,081 M,f,++l,378M, 

Ecn11 Tenepb yTO'lHIITb ewe paa fl+ , TO Mb! nony'lllM ft+ =2,098•6,3/8,398=+1,574 M, 

'!TO y>Ke npaKTll'leCKII He oTnll'laeTCll oT npenb1nywero aHa'leHHll ft+ ( 1,570 M). Ecn11 6b1 

nepay10, npenaap11TenhHy10 oueHKY 1
1
+ Mb! npo11aaen11 npyr11M cnoco6oM, Hanp11Mep, 

b
1

= d + ~ b
2 

, To Ha aTOM inane Mb! 6b1 nonyq11n11 f~_=l,381 M (aMecTo 1,378 M) 11 

ft+=+ 1,574 M (npenb1,ay1.U11ll war 6bin 6bI ft+ = 1,584 M ). Tenepb ( a M0>KeT 6b!Tb II paHb-

we) HBM Hano BBeCTII nonpaBKII Ha!',:,/ 0 , no rpacp11KaM p11c.6 HaXOllllM I',. ( Y,/fl+ =0,457; 

Y,//2+ =0,522),. Tenepb BX(1llSILUlle B cpopMyny nnll nllH3bl a II b Mb! non>KHbl OTC'lllTbl

BaTb He OT ueHTpa i111H3bt, a OT CO0TBeTCTByIOLUIIX rn.aBHbIX nnoCKOCTell. noaTOMY. BI 

aaMeHSleTCll Ha al+ !',.1+=6,316 M (c~. p11c. 12) b -+b+A ':'1,784 M,a'-+a'+/';. =5,786 M, 
, , 2 2 2• I 1 I• 
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b;-➔ bii· + A 2+ =3,118 M. PaccTOSIHl!e d Me>KL!Y ueHTpaMII nl II n2 aaMeHl!TCSI Ha paccTOSI

Hl!e Me>KLlY BblXOLlHOJ! r/IaBHOJ! U/IOCKOCTblO n
1 

II BXOL!HOJ! n
2

• noaTOMY ,[!/ISi U/IOCKOCTII ¢.Q 

d-+d .dd+A+A=l,399 M, a L111si .Q¢d-+d'=d+A+A=l,404M. nocne aToro MbI yTo'<H>1eM aHa-
r I+ Z• I I. 2+ 

'<eH11si ~+ II 1
2
+ • 3To ,[laeT II+ =+l,572M 11 1

2
+ =+l,382M, '<TO oT1111qaeTCS1 OT paHee Bbl'<ll-

cneHHbIX aHa'<eHul! acero Ha 2-4 MM (aTo np11aoL111T K paaH11ue a rpaL111eHTax - 0,25%). 

Ha PIIC. 12 noKaaaHbl TpaeKTOpllll qacTIIU B paCC'<IITBHHOM HaMI! L1y611eTe /IIIH3. BHyTpll 

/IIIH3 TpaeKTOpl!II UOCTpoeHbl np1161111:>KeHHO (1Ix MO)KHO Bbl'<IIC/Il!Tb no cj:,OpMynaM (7) II (7' ). 

OL!IIHO'<Hasi mrnaa ,[laeT IIIIHel!Hoe yBe1111qeH11e M =-b / a • Yae1111'<eH11e L1y611eTa M.Jb / a Vb/a) 
1 1 1 '~- i~J l 

=(i,
2

Ja)(b
1
/a),Ec1111 Mb! l!MeeM CTllrMaTl!'<Hbie IICTO'<HIIK 11 11ao6pa:>KeH11e ( b;=b

2 
11 a~·=a

1
, 

TO yBe/111'<eH11e B U/IOCKOCTII ¢.Q aHa'<l!Te/IbHO 6onbwe, qeM B U/IOCKOCTII .Q<P, TaK KBK 

l\l>la
2

1, 11 lb; !<la;I .Qnsi Hawero cnyqa,i Mcp,n=0,860, a M.Q<P=-0,243 (HeCMOTpsi 

Ha TO, qTo b; a 1,72 paaa 6011hwe, qeM b
2 

). Ha p11c. 12 noKaaaHbl TaK>Ke 11ao6pa>KeH11si 

Ml!WeHI! II TpaeK~OPIIII qaCTIIU, BblXOLlS!lllllX 113 Kpasi Ml!WeHII, AnepTypa L1y611eTa B U/IOCKOc

TI! ¢JJ onpe,[!e11>1eTC>l anepTypol! nl. a B U/IOCKOCTII .Q<P OHB paBHa yMeHbWeHHOJ! B a;/b:

paa anepType n2 (ec1111 anepTypa n l 60/IbWe, '<0M 9Ta aenl!'<l!Ha): Ecn11 Ml!WeHb l!MeeT 

KOH0'<Hble (Ho He6onbWl!e) paaMepbl, TO Ll/ISI Bcex TO'<eK Ml!WeHI! acj:,cpeKTIIBHag anepTypa 

Lly6neTa OKa3bIBaeTCSI np1161111a11Te/IbHO TaKol! >Ke, KaK II Ll/ISI ee ueHTpa. 

v!aMeHeHl!e UO/IO:>KeHl!SI 11ao6pa>KeHIISI np11 II3MeHeHIIII IIMUY/IbCa Ha dp (xpoMaT11'<e

CKag a6eppau11si) MO>KeT 6bITb Bhl'<llcneHo no cneL1y10mel! np116n11>KeHHol! cj:,opMyne ( oHa 

)x) 
nony'<eHa npS!MblM Ll1!cpcpepeHu11poBaH11eM cj:,opMyn Ll/ISI /IIIH3bl 

2 k 2 
d(1/1Ji )=d(J/f

1
)(b/a

2
) +d(1/f

2
)=-dp/p0 [-f-(bJa:) +k

2
/f

2 
] 1 ( 2B) 

l 

rile k..Jil. /Jl..B.... 
f p 

HaXOL!SITCSI II3 rpacpl!KOB Ha p11c: 6. XpoMaTII'<eCKOe pacw11peH11e ny•rna q 

paBHO 0 

r Rb
2
[-?- (b 1 /a 2

/+k
2
/f

2
] dp/p

0 (29) 

r,[le R•':. WHplIHa nyqKa B /IIIH30 n2. JJng U/IOCKOCTII JJ<P R paBHO Beel! anepType BTopol! 

/IHH3bl R
0 

, B TO Bpc•:,rn KBK B U/IOCKOCTII ¢.Q (npH OL!IIHBl\OBblX anepTypax n
1 

H n
2

) IlY'<OK 

6yL!eT aaHl!MBTb /IHWb '<BCTb anepTyphl ( a
2

/ b
1 

R
0 

)xx} Mo>KHQ noKaaaTb, '<TO Ll/ISI 

Lly6neTa xpoMaTl!'<0CKOe pacwapeHHe B U/IOCKOCTSIX ¢.Q H .Q<P 6yL1eT OLlHHaKOBO np11 OLll!Ha

KO,;hlX anepTypax Ha axoL!e, OL!HaKo npaKTII'<eCKH BXOL!HB>t anepTypa Llll>t .Q<P 6yL!eT MeHb

we II xpoMBTH'{eCKOe pacw11peH11e Ll/ISI U/IOCKOCTII .Q<P BCer,[la 3BMeTHO MeHbWe, qeM Ll/ISI 

x) npa nonyqeHHH 9TOi! cj:,opMy/Ihl C'<HTB/IOCb, '<TO A' He II3MeH>tlOTCSI npH He6onb

WOM il:aMeHeHHH p 

=IH . · a CaMOM ,[lene ceqeHl!SI UY'<Ka B n
2 

B U/IOCKOCTH ¢JJ Ll/ISI P0 +dp H p
0 

-dp 
HeOL!HHaKOBbl. Bonee TO'<Hble 3HaqeHIISI xpoMaTHqecKoro pacwapeHIISI MOryT 6h!Tb nony'<eHbl 

Bbl'<IIC/IeHHeM UO/IO>K0HHJ! npoMe>KyTO'<HblX H KOHe'<HhlX 11ao6pa:>KeHHil Ll/1>1 ;"THX HMUy/IbCOB, 

16 



ct>Lt (u3-,-3a Manoro oTnowenHH b;- I a'2 ). 3naK .oucn~pcuu onpe.oenHeTCH · cp0Kycupy101UHMH 

flHH38MH, TaK K8K B cpOpMyne (28) KOScj:>cpuuueuTbl npu J,/1+ 60JlbW8, 'leM npu J,/f_. 3To 

npHBO.OHT K TOMY' 'ITO '1_8CTHUbl C 6onbWHM HMnynbCOM cpoKycupyIOTCSI .oy6neTOM .oanbwe. 

OTMeTHM eme uecKOJlbKO 38KOHOMepuocTell, xapaKT8pHblX .om1 .oy6neTa. 3TH yTBep

}K,OeHHSI nerKO Mory-r 6b1Tb .00K838Hbl HJlH npoBepeHbl_ 'IHCneuuo. 

1) Heo6xo.0HMble .OJISI cpoKycupOBKH f, 

Myn (26) cne.oyeT, 'ITO npu a>>.d H b>>d 

H f
2 

yBeflH'IHB8IOTCSI C poCTOM, d , Vfo cpOP"'" . 

l=yd 

2) C pOCTOM d yBeJIH'IHBaeTCSI M<t>n" yMeHbW88TCSI M .[let> (no Mo,oyn10). 0,onaKO, 

npu STOM BXO,OH8SI anepTypa B nnOCKOCTH Jl<I> na.oaeT (H yM8HbW88TCSI BblXO,OH8SI anepTypa 

.OJISI ct, il) • 

3) TTpu YB8JlH'l8HHH d YM8HbW8IOTCSI xpOM8TH'l8CKH8 a6eppaunH B nJIOCKOCTH Jl<I> H 

yBenH'IHB8IOTCSI B <l>il (napanneJibHO C H3M8H8HH8M yBeJIH'l8HHSI M ). 

4) f CHJlbHO 38BHCHT OT a H cna6o OT b 
l 

/
2

, uao6opoT, cna6o 38BHCHT OT a 

H CHJlbHO OT b • 

5) Heo6xo.OHM08 ,OJISI cpoKyCHpOBKH 3H8'18HH8 I+ ( cpOKycupy10mell JlHH3bil cna6o 
. x) 

38BHCHT OT 3H8.'18HHSI I_ - .opyroll (,oecpoKycupy!OIUell) JlHH3bl .OJISI TOA }K8 nnoCKOCTH , 

3THM o6CTOSIT8flbCTBOM Mbl nonb30BMHCb npu no.o6ope f 
l 

H 1
2 

B uaweM npnMepe, 

6) Ecnu a 1 = a:· H b
2 

= b'; H Tpe6yeTCSI .onsi .oauublx 1
1 

1
2 

(uanpnMep, MHHHManb-

HblX I ' onpe.oeJIS18MblX G M8KC H p O ) nony~HTb H306pa>Keuue ua MHHHManbHOM pacCTOSI-

HHH OT MHW8HH, TO .OOJI>KHO 6bITb a, =· b 2 = d (B npu6JIH>K8HHH "TOHKoll" JlHH3bl ). 

§ 5. TpunneTbl H KBapTeTbl JlHH3' 

TpH JlHH3bl C '1epe,oy101UHMHCSI uanpaBJI8HHSIMH rpa.oHeHTOB H83bIB8IOT TpnnneTOM JlHH3, 

Ha puc. 13 nOK838Hbl THnH'IHI,18 TpaeKTOpHH B CHMM8TpH'IHOM TpHnneTe JlHH3, B T8KOM 

TpHnJI8T8 Kpal!HH8 JIHH3bl n1 H n
3 

HM8IOT paBHb18 .OJIHHbl H cpoKyCHbl8 paCCTOSIHHSlo B STOM 

cny'lae cpe.OHSISI JIHH38 n2 .oenaeTCSI npHMepuo B 2 pa3a .OJIHHHee KpallHHX. O'18BH.OHO, 'ITO 

TpnnneT Tpe6yeT, 38M8THO M8HbWHX cpoKycHblX paccTOSIHHll, 'leM .oy6neT. 3To SICHO BH.OHO 

XOTSI 6bl H3 pHC. 13: B nnOCKOCTH il<l>il n
1 

,oaeT H306pa>K8HH8 3H8'1HT8flbHO 6nH>K8 K n_
3

, 

'18M STO HY}KHO 6bln0 6bI, 8CflH 6bl ,oy6neT n
1
n

2 
.08B8fl H306pa}K8HH8 B STOM >K8 M8CT8 1 

r.oe u TpunneT nl n2n3. Hao6opoT, B <l>il<l> npOHCXO.OHT CHflbH8SI .oecpoKyCHpOBKa no.o 

.oellcT_BHeM n2. CHMM8TpH'IH08 pacnono>Kenue JlHH3 B .oy6neTe npHBO.OHT K TOMY, 'ITO KOScp

cpHUH8HTbl YB8JlH'leHHSI B nnOCKOCTSIX Jl<l>il H <l>il~ OK83blB8IOTCSI .OOBOflbHO 6JIH3KHMH 

'(cM. pHC. 13). B nnocKOCTH il<l>.ll TpnnneTa BXO.OHaSI anepTypa 6onbwe, '18M B nnoCKOCTH 

x) Bnaro.oapsi STOMY CBOJlCTBY .oy6neTa H8TO'IHOCTb cpopMynbl ( 10) COBj:lpweuuo He 

CK83bIB88TCSI ua uan.oeHHblX 3H8'18HHSIX rpa.oneHTOB (ecJIH rpa,OH8HTbl onpe.oeJISITb HCXO.OSI 

H3 I+ ). 
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,ll<P .ny6neTa. XpoMaTH'l8CKH8 a6eppauHH B TpHnneTe no BenH'IIIHe OObl'IHO ne)KaT M8)K.llY 

x) 
a6eppaUHlIMH .ny6neTa B nnocKOCTlIX ,ll<P H <P,ll H npH 3TOM 6nH3KH .nng ,llct>,ll H ct>,nct>. 

no.n6op rpa.nHeHTOB B TpHnneTe HaH6onee neroK, ecnH aa.naeTCH f HnH f' 
1 3 

Tor-

.aa OCTanbHbl0 I 11ax0Jl11TCH KBK .nng .ny6neTa. B cnyqae CHMMeTpH'IHOro .ny6neTa peKo-

MeH.nyeTClI no.no6paTb '1 = ':1 H f 2 TaKHM o6paaoM, 'ITOObi nony'IHTb Hy)KJIYIO <pOKYCHpoa-

KY B o.nHoll H3 nnoCKOCTell (cKa)KeM ,nct>,n)._ EcnH npH STOM c Hall.neHHhIMH f .nng ct>,llct> 

H306pa)K8HHe 6y.neT .nanbwe, '18M Hy)KHO, TO Ha.no yMeHbWHTb ,, = I 3' CHOBa no.no6paTb 

I .nng nnoCKOCTH ,ll<P,ll II T • .ll. MeTO.ll, O'leBll.llHO, np11MeHIIM II K 6onee cnO)KHblM CIICTe-
2 . 

MaM. Hy)KHO OTMeTHTb, 'ITO B COBpeMeHHhIX MarHIITHh!X CIICTeMax OCHOBHb!M sneMeHTOM 

lIBn!leT.ClI .ny6neT nHH3. 3HB'IIITenbHoe paanll'IHe K03<p<pllUlleHTOB yaenll'l0HlllI II a6eppau11ll B 

06e11x [!nOCKOCTlIX .ny6neTa qacTo OKaSbIBaeTClI .na)Ke )KenaTenbHbIM. 0.nHaKo HHor.na Ha.no 

H3M8HIITb K03<pqlllUHeHT .yaenll'l8HHlI 6ea H3MeHeHlllI nonO)K8HlllI 11ao6pa)KeH11ll, a- 3TOro II B 

.ny6neTe C)lenaTb Henb3H. B TBKIIX cny'lalIX no.neaHO np11MeH8IIHe H8CHMM0TpH'IHOrO Tpllnne

Ta. ToK B 0.llHOll 113 nHH3 cne1111anbHO BblOHpaeTClI TaK, 'ITOObl nony'IIITb Hy)KHOe yaen11'1eH11e B o.n

HOll nnocKOCTH (11nH 0.llHHaKoaoe B 008HX nnocKOCTlIX). TaKIIM o6paaoM np11MeHeH11eM TpHnneTOB 

HnH ,lla)Ke KBapTeTCB nHH3 MO)KHO .llOOIITbClI 6onbwell rHbKOCTH H yHIIBepcanbHOCTII CHCTe

Mhl. 3Ha'IHTenbHOe pacnpocTpBHHe nony'l11n11 CHMMeTpH'IHbie KBapTeTbl nHH3, B KOTOpb!X 

ny'IOK M8)K.llY cpe.llHHMII nllH3aMH napanneneH B 06e11x nnoCKOCTlIX (cM. pHc. 14). TaKHe 

ny'IKH qacTo H800XO.llHMbl BHYTPH cenapaTopoB npH paa.neneHHH 'IBCTIIU no MaccaM. nl H 

. n2 o6paayIOT .ny6neT, C03.llfl!OU.llll napannenbllb!ll ny'IOK. EcnH Tenepb pe)Kl!Mbl nl II n4, 
a T8K)K8 n2 H n3 COBna.naIOT, TO H306pa)K8HHe nony'IIITC!I Ha TOM )Ke PBCCTOlIHHII OT n4, 
Ha KBKOM HCTO'IHHK HBXO.llHTClI OT n

1
• npH 3TOM B 06e11x nnOCKOCT!IX yaenll'l8HHe Oy.lleT 

/30· 13/ 
paaHo -1. TaKaH CH.;TeMa no.npo6Ho paccMoTpeHa B pa6oTax KypaHTa H Mapwanna ' 

/13 19/ 
BMeCTO .ny6neTOB B TaKHX CIICTeMax HHOr.na BbirO.llHO npHM8HeHHe Tp11nneTOB • • 

On!fcaHHa!I CHCTeMa c napannenbHhlM ny'IKOM y.no6Ha, Kor.na Tpe6yeTcg· TpaHcnopTH

pOBKa ny'IKB Ha 6onbWHe pacCTOlIHlllI 6ea. C03.llaHHlI npoMe)KyTO'IHhlX H306pa)KeHHll. MO)KHO 

noKB38Tb,· 'ITO TaK'ag· CHCTeMa .nacT (a uenoM) MeHbWlle yaenH'l8HHlI H a6eppauHH (npH 

TOIi )Ke anepType ); 'leM ·cHCTeMa C npoMe)KyTO'IHb!MH H306pa)KeHHlIMH. 'Q CBOJlCTBBX .llyo-

/4 14 17-20/ . 
neToB H TpHnneToa CM. TaK)Ke pa6oTbI ! ' • 3Hre onHcan rpaqi11qecK11ll cnoco6 no.n-

6opa rpa.nHeHTOB B .ny6neTax
1151 

H Tp~nneTax
1161 

§ 6. ·,llpyrHe cnoc06b! MaTeMaTH'l0CKoro onHCBHlllI .nellCTBHlI .nHH3 H MarHH'llOB 

KpoMe on11caHHoro HBMH Bh1we pac'leTa <poKycHp;>BKII nyTeM y'leTa .nellCTBll!I Ka)K.llQll 
• f (!, • .·, ' ' 

nllH3bl npHM8HlI0TC_lI er.ue HeCKOllbKO 3KBIIBaneHTHblX MeTO.llOB. 8br6op HX B 3Ha'1HTeni.i10l! 

c,:eneHII cy6beKTHB8H, . TBK KBK ace OHH 6a311pyIOTClI Ha peweHHlIX ( 7) H ('7•) .lllllI ypa:irne

x/ ,llellcTBHTenbHo, ecnH B Tp11nneTe 11 ➔ ~ , TO nnocKO.CTb ,llct>,ll. CT:"HOBHTClI nnoc

KOCTbIO ct>D: .ny6neTa, a ecml I .. ~ •• TO OHa nepeXO.llHT B· nnoCKOCTb ,llct> .ny6nexa, 
3 ·-
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HHll llBH>KeHH!l, noaTOMY BCe 36KJIIO'leHH!l, KOTOpble MOI"YT Ob!Tb nonyqeHbl np!I npHMeHeHH!I 

OllHOI"O MeToaa, MO>KHO nony'IHTb !I npH apyroM MeToae. nonb3yllCb ¢opMynaMH (8) !I 

(9) llilll ¢0KyCHbIX:paccTOllH!1ll H no~o>KeHHll rnaBHb!X nnoCKOCTell IlHH3bI, MO;>KHO no npa

BHilSM reoMeTpH'leCKOl! OilTHKH HSl!TH ¢oKyCHOe paCCTOllHHe ( F) B nono>KeHHll I"IltlBHbIX 

nnoCKOCTell llilll CHCTeMbl IlHH3 (ayoneTa, TpHnneTa). Mo>KHO IlOK636Tb, 'ITO )lilll ooeHX 

nnOCKOCTell F COBil6)l6IOT, Anll TpHnneTa rnaBHbie nnoCKOCTH OObl'IHO ne>KST HeaaneKO 

OT I1eHTp6 cpe)lHel! IlHH3bl, 'ITO IlpHBOllHT K OilH3KHM KOac!Jc!JHIIHeHTSM yBeilH'leHHll B OOeHX 

nnocKoCTllX. Ami _ay6neTa rnaBHbie nnocKOCTH pacnono>KeH~I acHMMeTpH'IHO (H HeoaHHSKo

ao anll Act> 11 ct>A), 'ITO aaeT 6onbllloe paan11qHe B yaenH'leHHHX. 3a c!JopMynaMH 11 6onee 
/4 5/ 

noapoOHbIM 06cy>KaeHHeM Mb! OTCbmaeM K llpyI"HM paoOTSM t • 

Mo>KHO paCCM6TpHB6Tb ael!CTBHe IlHH3bI, KSK m•Hel!HOe npeo6pa301'6H!le, KOTOpoe npH 

npHMeHeHHH K :r,, H %~- aaeT % H x'-(c!JopMyna (7)). 3TO npeo6pa30B6HHe MO>KeT Ob!Tb 

OilHCSHO M6TpHI1ell 

r r 
ti 12 

r:u r 22 

I cosyk f ·sinyk f/✓k I I 
•\ik sinykf cos ..jk f I. 

B cao6oaHoM npocTpaHCTBe · x' He H3MeHlleTCll, a x = x 0 + x';; z , no3TOMY MBTPHIIB 

(30) 

npeo6paaoaaHHll anll _ caoooaHoro npocTpaHCTBa HMeeT BHll ll: I . MaTpH11a ae¢0KycH-

PYI01Uell IlHH3bl 6yaeT coaep>K6Tb ·sh,/k f H ch,/I f (cM. ¢opMyny (7') ). AellCTBHe 

acell CHCTeMbl 6yaeT OilHCblBSTbCll M6TpH11ell, llBilHIOIUellcll npOH3Be)leHHeM M6Tp!III IlHH3 

H M6TpHII CBOOOllHblX npoCTpaHCTB. AnH ay6neT6 (ct>A) 

IX I= 11 b I 
x' 0 1 

3aecb a pacCTO!iHHe OT HCTO'IHHKS llO a¢¢eKTHBHOl! rpaHHI!bl nl , b - o:_ac!J,c!JeKTHB-

Holl rpaHHI!bl n2 llO H306pa>KeHH!I, d - paCCTOllHHe Memay rpaHHIISMH nl H n2. BBHllY 

nHHel!HOCTH npeo6p630B6HHll aeTepMHHSHT KS>KllOI"O npeoopaaoaa,rng, a T6K>Ke aeTepMH

HSHT 'R paaeH 'R- R -'R ·R • J.. AellcTBHe ¢oKycHpyIOIUHX MBI"HHTOB TaK>Ke · MO>KeT Obi Tb 

- ti 22 12 l~B .34/ 
OilHCSHO B MSTpH'IHOl! c!JopMe • • Amt HCTO'IHHKa XO =0 B H3oo_pa>KeHHH x=O • Ho 

X - R,/o +·R,2 x: . CnellOBSTenbHO, )lilll Toro, 'ITOOb[ X = 0 H6)lO 'ITOObI 'Ru =.0 • nerKO 

ll0K836Tb, 'ITO B cnyqae napannenbHOI"O ny'IKS Ha Bb!XO)le aon>KeH Ob!Tb paaeH HYilIO ane

M8HT 'R
22 

• MaTpll'IHbill aneMeHT 'R
11 

onpeaenlleT nHHellHoe yaenaqeHae (npH R
12 

= 0 

:xi/x
0 

='R11 ), a aneMeHT R
22 

- yrnoaoe yaenaqeHae. TaK11M oopaaoM, attag MaTpa11y 

CHCTeMbl R- , Mb[ 3H6eM BCe O BbIXOlllllUeM ny'IKe H MO>KeM H6p11COB6Tb IlIOOYIO TpaeKTo

pHIO. OaHSKO 3TO >Ke Mb[ Mo>KeM c.nenaTb, Bbl'IHC,IlHB F H rnaBHbie IlilOCKOCTH CHCll'8MbI, 

unu >Ke paccqaTBTb cacTeMy nocneaoaaTenic.HbIM cnocoooM H BbI'IHCnHB yaenaqeHHjI anll 
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np0Me)KyT0'!Hh!X H KOHe'IHhIX H3Pt5pa)KeHHl1. nocneaoaaTenbHb!l1 M8T0.ll (a npHMeHeHII0M 

IIBMH npnt5nH)K811HH} aaeT B03M0)KII0CTb 11ant5onee 0b!CTpO noaot5paTb rpB.llH811ThI. Bb1'1Hcne

llH8 F nonea110, ecnn 11eot5xo)lHMO paCC'IHTblB8Tb H30t5pa)KeHne am, HCT0'IHHK0B 118 p8311h!X 

paCCT0llHHllX OT nl. ·cnocot5 noat5opa rpa.llH811T0B npn M8TpH'III0M cnocot5e onncaH B ot5aope 

KHHra 
1191• MaTpH'IHbll1 M8T0.ll yaot5e11 npH Bbl'IHCnellHllX qJOKyCHpOBKH 118 aneKTP0llllbIX 

. t5 t5 x} 
MllWHIIBX, Koraa lleCK0nbK0 onbWHl1 0 'b8M Bbl'IHCne11nl1 He HrpaeT ponn • 

nocnea11ee Bp8Mll IIBM8'!8eTCll Te11aellUlill K paapat50TK8 cno)KHb!X nporpaMM, no K0To

pblM aneKTp0IIIIBll MBWliHB 118 T0nbKd npoB0.llHT noat5op rpaaneHT0B anll qJOKyCHpOBKli npH 

qJHKCHpOBBHIIOM nono)KellHH nHll3 (ao 30 nHll3 Ii MBrllHTOB}, 110 H Mell~eT Pll.ll CBO0O.llllb!X 

napaMeTp0B ( M8CT0 np0M8)KYT0'lllblX H300p8)K8HHl1, HeK0T0pbie pacCT0llHHll M8)K.llY nHH38MH, 

ysenH'!8HHll H T,)l.} .llnll Toro, 'ITO0E>I nony'IHTb 11a Bb!X0.ll8 ny'!0K Hy)KH0ro KB'!eCT~a
119•321• 

.Llnll 0nHCBHHll K8'18CTB8 ny'!Kll Hll.ll0 C0CTllBHTb H8K0T0pyIO q:,yllKUHIO, 9KCTpeManbH0e 3HB'!e-

IIH8 K0Topol1 IIBX0.llHTCll Mawn11ol1, B cny'!ae pB0OTbl C 118CTB0HnbHblMH 'IBCTH-

uaMH .llnll fM8'1bWeHHll aep0l!TII0CTH pacnaaa, MBWHIIB aon)KIIB 110.llO0paTb BapHBIIT C MHIIH:-' 

·Manb110l1 ot5mel1 anHH0ll CHCT8Mb/
191 

(cM, T8KlK£IO/ CTp. 422). 

v!11oraa an" onncaHlill npoX0)K.ll8Hlill ny'!Ka '!epea nHll3hI ncnonbayIOT MeTo.ll q:,aaosoro 

~pOCTpllHCTBa, CornaCHO TeopeMe nHyBHnnll, nnoTH0CTb 'IBCTHU B ql830B0M npocTpBHCTBe g5-

nlleTCll HIIB8pli811T0M .llBH)K811Hll, TTy-,Tb B 11nocK0CTH OX 'IBCTHUhl HM8IOT 

TaKHe XO 

orpa1111'!e1111y10 

1 x~- 1.!TO 38HHMaIOT B ql830BOJ! nnocK0CTH ( x, x'I 
38MKHyT0fi KpHB0l! ( O0bl'IIIO Bbi6Hp8IOT snnnnc nnH 

nnowa.n.h, 

napannenorpaM}. 

Toraa .npH .llBH)Kel!HH qepea CliCTeMy rpaHH'IHbll1 K0HTYP aeq:,opM!ipyeTCll, 110 nn0Ulll.llb noa 

HliM coxp8Hll8TCll. B 'IBCTH0CTH, snnnnc H3M811l!8T CB0l! HBKH0H K 0CllM, a T8K)K8 nonyocH 

a , b ,. HO npn sToM· sceraa a b = 80 b 0 = Xo ~=A , BenH'IHHa A=x.,x~ llBHll8TCll sa,.rnoll 
• 1 1 

xap8KT8p!iCTHK0l! CHCTeMbl. OHa H83b!B88TCll BKCenTBHC0M (B x -oll nnoCKOCTH}. B H3ot5pa-

)Kel!HH npoeKUHll snnnnca 118 0Cb X MHIIHMBl!bHB, B napannenbH0M nyqKe MHllliMMbll8 

np08KUHll 118 0Cb x' , .Lleq:,opMBUHll q:,aaosoro snn11nca onliCbIBBeTCll q:,opMynaMH, K0T0pbJe 

nerKo MoryT 0b!Tb Bb!B8)l811bl H3 38Kblla npeot5pa30B8IU!ll X H x'- B nHH38 ( (7) H (7')). 

TTporpaMM8 onTliMH38Ulili ny'!Kll M0)K8T 0b!Tb H8nHC8H8 B T8pMHH8X q:,aaosoro npo-

/ 19/ /10/ ' 
CTpBHCTBa (cM. T8K)K8 CTp, 302 .B ): BB0.llHTCll Tpe6oBaHHe MlfHliMyMa npoeKUHH 

9HHHnca B )l8HH0M MecTe. Heo6XO.llHMO eme paa noaqepKHyTb, 'ITO see onncaHHbl8 cnoco-

0bl no T0'IH0CTH C0BepweHH0 9KBliBll118HTHbI, TBK KBK t5aaHpyIOTCll. Ha q:,0pMynax ( 7) H ( 7' t:) 

x} 
n;nopH)KeHHhIJ! M8T0.ll Bbl'IHCneHHll qJOKyCHpOBKH MBTpH'IHb!M M8T0.ll0M 0nHCBH 

TTennepoM 
34 

n HoynecoM
1351• • ·. . 

xx) 
Ha npeasapnTenbIIOll CT8.llHH pac'!eTa MBrHHTH0ll CHCTeMbl 'IBCT0 npHM8HllIOTCll 

aHanor0Bbl8 sneKTp0IIHbJe ycTpol!CTBB, HII_TerpnpyIOUlH8 ypas11e11Hl1 .llBH)K8HHll BHYTPH Beel! 

CHCTeMbl nHll3 H MBrllHT0B. Bb!'IHCnellHbI8 Tpae'i<:TopHH npe.llCTBBnllIOTCll 118 9KpaHe ocunnno-
/33/ .. 110I 

rpaq:,a CM. • a T8K)Ke CTp. 433 B 
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§ 7. MMIIynhCHblll aHamrn a MarmrTHblX CIICTeMax II KOMIIeHCaUllll 

AHcnepcHH 

PaCCMOTPIIM TeIIepb COBMeCTHOe nel!CTBlle MarHIITOB II nHH3, 6naronapll KOTOpOMY 

Mb! MO)l{eM orpaH!f'IHTb HHTepaan HMnynbCOB qacTHU, npoxonmrmx qepes CHCTeMy. CHaqa-

na Mb_! 6yneM K8C8TbCll TOnhKO MBrHHTOB C 'npl!Moyronbllb!M' on11oponHblM noneM. J,13 cpop

MYIIbl (2) cnenyeT, 'ITO yron noaopoTa oceaoll TpaeKTOpHH a TaKoM MarHHTe n
0 

paae11 

(npH CIIMMeTpH'lHOM axone H Bb!Xone) 

¢
0 

= 2 arc· sin ( l'/2 R)., (32) 

. rne f - 3cpcpeKTHBH8!1 nnnHa MarHHTa no_ HOpManH K ero rpaHnue (anonb OCH ,; f."' Ha 

pHC. 11), a R - panuyc KpHBH3Hbl TpaeKTOpHH, Ta!( KBK TaKol! MarHHT IIO'lTH He o6nanaeT 

cp0Kyc11py!0l11IIMH CBOIICTB8MH B ropH30HTanbHOI! IIIIOCKOCTII ( CM, § 4). TO BbIXOnlllllHII H3 

MHllleHI! ny'!OK nocne noaopoTa B MBrHIITe 6yneT xapaKTepH30BaTbCll MHHMOI! MllllleHh!O, Ha_-

xonS1lllellcS1 Ha nponon)l{eHHH oceaoll TpaeKTOpHH Ha TOM )Ke paccTOllHIIII L OT ueHTpa 

n 0 , 'ITO H MHHM8ll MHllleHb, lfaCTHUbl C HMIIYIIbCOM p
0 

+ dp HCIIb!TB!OT nOBOpOT 

¢ '·= ¢ ( P ) ( 1 -dp / p } • CnenoaaTenbHO, nnll .3Toro HMIIYIIbCa MHHMall MllllleHb 6y neT 
0 0 O . ) 

cnBHHyTa no ropH30HTanH Ha pacCTOllHHex (cM, puc. 11). 

(33) 

Ecn11 nocne MBrH11Ta no noMemeH 06-beKTHB H3 IIHH3 (ny6neT HIIH TpHnneT), TO OH naeT 

H306pa)l{eHHe cnBHHyTblX HCTO'lHIIKOB, HO H3 -3a xpoMaTH'leCKOI! a6eppauHH IIHH3 H306pa)l{e

HHll 6ynyT nony'leHbl Ha pa3Hb!X paccTOllHHllX OT n2 (cM. p11c. 15). CMeme1111e Hsoopa)l{e

HHll MHWeHH OT OCH 6yneT paauo 

(34) 

rne Alp_' - Ko,scpcpHUHeHT yaenH'leHHll o6beKTHBa nnll p' Po+ dp 

MemeH nocne 061,eKTHBa, TO nncnep·cHll onpenenS1eTcS1 paccTOllHHeM OT MarHnTa no Hso6pa

)l{ennll: dx'=- ¢ (p JL dp/p. 3HaK nncnepCHH TaKoll )Ke KBK H a cnyqae, Korna MarHHT 
0 0 0 0 

IIOMellleH no 06beKTIIBa, TaK KaK LO Tenepb > 0 ' B TO ape Ml! KaK paHee 6blIIO LO< 0 

HO H Al ,< o • . p. MHorna MarirnT noMellla!OT Me,Kny nnusaMlf 061>eKT1IBa. B 3TOM cnyqae L 
0 

llBIIS!eTCll paccTOllHHeM OT no no npoMe}KyTO'lHOro H306pa}Kel!Hll, a M , - K03<pcplluHeHTOM . p 

yaen1111eHHH nHH3, CT051lllHX nocne no. EcnH MHilleHb TIOMemeHa B MarHHTHOM none, TO 

Bhl3bIBaeMy!O lfM n11cnepCH!O ( KOTopall Bbl'lHCIIS!eTCll no MeTony. H3IIO}KeHHOMY B § 2). Hano 

np116aaHTh (c y'leToM sHaKa H yaemr'leHHll) K n11cnepcHn, cosnaaaeMoll n 0 • 

x) . 
YcnOBIIMCSI C'lHT8Tb ¢ > 0 • ecnH ueHTp Kp11BH3Hbl HaxonHTCll cneaa OT OCH 

( ecm, cMoTpeTb no ci<.opoci-n 'lBCTHUbil; a eTy }Ke cTopoHy HanpaaneHa H ocb x • L -pac-

CTOllHl!e OT MBI'Hl!Ta no IICTO'lHIIKB~ .[lnll Hatuero cnyqa,i L <O, ¢ < o ( puc. 11). 
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Ecn11 Mb! IlOCTaBHM KOilIIHMaTop B MecTe rop1faoHTanbHOro 11306pa>KeHHlI( KaK aTO 

noKa38HO Ha p11c. 15)' TO B cnyqae MHilleHH M8Ilb!X pa3MepoB ( TO'!e'IHOll) Mb! IIOIIY'IRM 
. x) 

"npSIMoyronbHbill" HMnynbCHblll cneKTP .llnll rrpOXO.llllllJIIX qepe3 KOilIIHMBTOp '!aCTHU. 

KoHe'!Hble pa3Mepbl MHllJeHH crna>KHBaIOT Kpag crreKTpa, .oenag B03MO>KHb!M rrpoxo>K.oeHHe 

'!aCTIIU C HMnynbCOM BHe IIHTepsana Po .± . dp , a TSK>Ke yMeHbillSlI RHTeHCHBHOCTb s6nH-

311 rpaHHU IIHTepsana. l13Me11:eH11e cpopMbi KOIIIIHMaTopa l!Illl >Ke ero ycTaHOBKa B, .opyroe 

MecTo eme 6onee crna.oHT cpopMy nponycKaeMoro cneKTpa II pacll1<1p11T ero "Kpb!Ilbll". 

.n,rn Toro, 'IT06bl nony'IHTb crreKTp nponycKSHHlI, HSRIIY'lilll!M o6pa3oM np116n11>K8IOllJRl1'.,. 

Cll K "rrplIMOyronbHOMy", cne.oyeT yBeIIH'IIIBSTb yron IIOBOpoTa II YMeHbllJSTb ropH30HTanb

Hblii_ pa3Mep MHllJeHH. Ecn11 II TO II .opyroe HeB03MO>KHO, TO H8.00 pa3yMHO Bb16paTb pac

rrono>KeHHe Marm1Ta OTHOCHTenbHO Ill!H3. CaMblM BblrO.OHb[M lIBillleTClI YCTSHOBKa MarHHTa 

nocne n
2 

B .oy6neTe c D<l> no ropll30HTan11, TaK KaK np11 .oaHHoll .011cnepc1111 pa3Mepb1 

11306pa>KeHHlI MHllJeHH 6y.oyT MIIHIIMMbHb!MII. Hao6opoT, Bb!60p IIIlOCKOCTH <Pil B 8TOM • 

cnyqae lIBHO OllJH60'!eH, T.e. p83Mepbl 11306pa>KeHHlI 6y.oyT BenRKll. npa IIOMeme111111 Mar

HHTa .00 'Ill!H3 06'beKTHB pa6oTaeT y>Ke C pa3.oeneHHblMII IICTO'IHIIKSMH, II 113MeHe1111e nopg.o

Ka <pOKYCHpOBSHlllI He 113MeHHT B rrepBOM np116n11>1<e111111 OTHOillemrn .011cnepc1rn K pa3Mepy 

113o~pa>1<eH11H. 0.oHaKo a6conIOTHOlI sen11'!11Ha .011cnepcm1 B cnyqae nopH.oKa <l>D 6y.oeT, 

<• KOHe'!H01 3H8'1HTeilbHO 60ilbille1 '!eM llplf il<P, np11 IIOMemeHHII MSrHHTO Me>K.Oy Ill!H38MII 

B cnyqae <Pil a6conIOTH0lI .lllfCilepCHlI II OTHOilleHHe .lllfCI1epc11<1 K illlfpHHe 11306pa>KeHl!lI 

npHMepHO TOKOe, KaK If Ilplf IlOMellJeHHe MarHHTS .00 IllfH3. 8 cnyqae IIIlOCKOCTII il<P, 9TO 
. xx) 

OTHOilleH11e np11MepHo TaKoe >Ke, KSK II rrp11 MOrH11Te rrocne Ill!H3 

nocne Bb1.oeneH11H KHTepaana HMrrynhCOB cne.oyeT o6ecne'IKTb OTCyTCTBHe .011crrepc1111 

B KOHe'IHOM 11306pa>KeHlfll MHilleHH, T.e. C03.ll8Tb B03MO>KHO nyqllJee COBMemeH11e lf306pa

>KeHHll .llillI pa3nH'IHblX p • npome Bcero 8TO MO>KHO c.uenOTb, IIOMeCTIIB Ha neKOTOpOM 

paccTOlIHIIHlf L l O(T .. rop1130HTanbHOrO 11306pa>1<eH11lI MOrHHT n 1 C yrnoM IIOBOpOTa ¢ l 

(s TY >Ke cTopoHy, '!TO 11 .unH n 0 ). Ecnn rrpeHe6pe'lb xpoMaTK'!ecKoll a6eppa1rnell n11H3, 

TO KOMileHcau11g .u11cnepc1111 HacTyIIHT rrpK 

!.I 'Po Lo + cpl Lt= 0 , (35) 

11n11 B cnyqae pacrrono>1<eHHlI n
0 

3a nHH3aM11, rrp11 <A, L 0 + ¢. L = O (s aToM cnyqae 3Ha-
. I l 

KIi L
0 

11 L
1 

pa311ble ). XpOMSTH'!eCKSlI a6eppau11H rrepsoro o6'beKTKBa npHBO.UHT K TOMY, 

'!TO 11306pa>1<emie .ung 11Mrrynbca p,. + dp rrp116n11>KeHo K MarH11Ty n1 (TaKHM _o6pa-

30M MP, L
0 

ysen11qeHo, no cpasHeHKIO co 3Ha'!eHHeM .onH p
0

, a L
1
- yMeHbilleHo),3TO 

x) 
MMnynbCHblll crreKTP qacTHU, BbII1eTaIOm11x 113 MHilleH11, rrpe.unonaraeTclI pasHo-

MepHbIM s6nH311 p • 
xx) 0 

3To MO>KHO IIOHlITb 113 cne.uyIOllJHX coo6pa>KeH11ll: ecn11 MarHHT CTOIIT 6nH3KO 

K Illlll30, TO IIO'ITH 6e3pa3nll'IHO, C KSKOii CTOpOHbl ero CTaBHTb (co CTOpOHbl IICTO'IHIIKS 

11n11 11306pa>KeHHlI): L a-a 
1 

, HO !.f nHH3 b1 =- b/ a • · 
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Bhl3h!B8eT He.llOKOMneHCBUHIO, T.e. nocne MBrHHTB n l paCXO.llSIWHJ!CSI ny'IOK OnHChIBaeTCSI 

MHHMblM HCTO'IHHKOM, C.llBHHYTbIM OT OCH B HanpanneHHH, onpe.llenSieMOM .llHCnepcHell OT 

MarHHTa n 0 • Jlng p
0 

-dp , Hao6opoT, nonyqaeTcSI nepeK0MneHcauH>1. TaxHM o6paaoM, xpo

MaTH<tecxag a6eppaUHSI npHBO.llHT K TOMY, 'ITO MHHMbie HCTO'IHHKH .llnSI n3 H n4 a o6nacTH 

OKa3bIBaIOTCSI He Ha OCH nyqxa, a C.llBHHYTbl no 0.llHy CTOpOHY OT 

OCH, pacnonaraSICb Ha HeKOTOpol! KpHBOl! napa6onHqecxoro THna C BepwHHOil Ha OCH (.llnSI 

papo ). 3To BH.llHO Ha pHC. 15. 8o3MO)l<Hbl H .llpyr11e BBpHaHTbl KOMneHcaUHH .llHCnepcHH. 

HanpHMep, BTOpol! MBrHHT MO)KHO nocTaBHTb He cpaay nocne H306pa)KeHHSI, a nocne BTOpo

ro OO'beKTHBa, nepe.ll BTOpb!M H306pa)KeHHeM. YcnoBHeM KOMneHCaUHH, no-npe)KHeMY, SIBng-

eTCSI q:,opMyna (35), r.lle Mm A1 cne.llyeT paccMaTpHBaTb KaK nHHeliHbll! K03q:Jq:ll!UH-
non I 

eHT ynenH<teHHSI qacTH MarHHTHOJi CHCTeMbI, CTOSIWeli Me)K.llY MarHHTaMH; npoue.llypa .llO-

CTH)KeHHH KOMneHCBUHH .llHCnepcHH npH pacqeTe CHCTeMbl MO)KeT 3axn10qaTbCSI He TOnbKO B 

no.ll6ope % H ¢' • HO H B H3MeHeHHll LO H L, ,a TaK)Ke M non 1 (HanpHMep, ll3MeHSISI 

d B .lly6neTe HnH no.ll611pa>1 TOK B O.llHOJi H3 nHH3 TpHnneTa).np11 pacqeTe Beel! MarHHT

HOJi CHCTeMbl Ha aneKTpOHHOl! MaWHHe ycnOBHe KOMneHcauHH .llHCnepCHH MO)KeT Ob!Tb aa: 

.llaHo ';' xaqeCTBe 0.llHoro H3 ycnOBHl! npH nap11auHH CBOOO.llHh!X napaMeTpOB CHCTeMbl. EcnH 

Mb! npHMeHSieM q:,oxycHpyIOWHe MarHHTbl, TO, KaK Mbl BH.llen11 B § 4, nHHeltHaSI .llHCnepcHSI 

onpe.llen>1eTCS1 yrnonol! .llHcnepc11el! ( 19) 11 paccTOSIHHeM b OT BbIXO.llHOl! rnanHol! nnocxo-

CTH .llO H306pa)KeHHSI. Ho nnonHe aaKOHHO Bbl'IHCnSITb .lll!CnepCHIO HCTO'IHHKa (.llnSI MarHIITa) 

no yrnonol! .lll!CnepcHH ( 19) 11 paccTOSIHHIO a OT HCTO'IHHKa .llO BXO.llHOl! rnaBHOl! nnoc-

KOCTH MarHHTa. Pe3ynbTaTbI 6y.ll:Y,T O.llHHaKOBhI, TaK xax -b/a_=M M - xoaq:,q:,HUHeHTY yne

n11<teHHS1 MarHHTa. Cq:,opMynHpyeM o6wee npanano .llnSI KO_MneHcauHH .llHcnepcH11: np11 He<teT

HOM 'IHCne .llel!CTBIITenhHblX H30Dpa)KeHHJi Me)K.llY MarHHTaMH nOBOpOTbl B n 0 ll n 1 .llOn)KHbl 

OblTh HanpanneHbl B 0.llHY CTOpoHy, np11 qeTHOM B pa3Hble. 

l13 MHOrO'IHCneHHbIX npHMepoB CIICTeM C CKOMne11c11poBaHHOl! .lll!Cnepc11el! ynoMgHeM 

pa60Tb/
36• 371 , B KOTOpblX pa3BHT HeCKOnhKO .llpyrol! nO.llXO.ll K npo6neMe. 

§ 8. Hel!Tpan113au11>1 xpoMaT11qecxolt a6eppauHH nHH3 

Mb1 BH.llenH, 'ITO a .llY6neTe xpoMaTH<tecxa,i a6eppau11>1 onpe.llen>1eTCS1 cpoxyc11py10ut11MH 

nHH3 aMH H .llnSI 6onhWHX mi.rnynhCOB -_ (dp,/po > 0) ll306pa>K8Hl!SI pacnonO)K8Hbl .llanbwe. 

Ho--MO)KeT.;OblTb _.B Mai'HHTHOJi on-rake, xa'x·-·a 'cneTOBOJi, MO)KHO Hal!Tll 6onee cnO)Kllbie nl!Hao

Bble; CllCTOMbl, B KOTOpblX xpoMa'TH'ISCKl!e ·a6eppau111t OTCYTCTBYIOT? K Cl))KaneHHIO, B MarHHT

HOJi onTl!Ke 3TO -He y .llaeTC!I, TaK KaK xapaKTep 3aBHCHMOCTll f OT p .llnSI ncex MarHHT

HblX nHH3 O.lll!HaKos,-'--a TO npeirn KaK B CBeTOBOli onTHKe BbI6opoM copTa CTeKna MO)KHO 'Me-' 

HSITb .llHCnepc1110 n11Hab1 np11 .llaHHOM f • v!aaqA ronopg, •noKa3aTenb npen6Mnea11g" .lln11 
. ' ' 1, . ; , 

ncex MarHHTHhIX n11Ha O.llllHaKoB. C .llpyroi! CTOpOHhI, co BpeMeH Hb10T0Ha 11anecTao, 'ITO .llm1 
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'IHCTO /JHH30Bb!X CHCTeM H3 OAHHBKOBOro COpTa CTeK/18 KOMHeHCBUHSI B0eppauHll B03MO)KH8 

x) 
TO/JbKO A/ISi MHHMOro H30opa)KeHHSI , OAH8KO Bee )Ke HMeeTCSI HeCKO/JbKO cnocoooB YMeHb-

weHHSI B/JHSIHHSI xpoMBTH'leCKOll aoeppauHH B MarHHTHbIX CHCTeMax. 

1) Cnocoo K/JHHOBHllHOro nor110THTem1. 'ne.pabill O0'beKTHB ( CM, pHC, 17a) ABeT H300pe 

)KeHHe, paCTSIHyToe no. ropH30HT/l/JH, B MeCTe H300pa)KeHHSI noMewaeTCSI nor.nOTH,Tenb, TOll

lUHHa KOToporo nocTeneHHO yBe/JH'IHBBeTCSI OT HY/ISi A/ISi MeCTa npoXO)KAeHHSI 'IBCTHU C 

/:I, -dp AO TOIIIUHHbI, KOTOpasi fiy)KH8 AIISI Toro, 'ITO0bl 'IBCTHUbl C HMHYllbCOM po + dp 

ua-aa noTepH aHeprHH npeBpBTH/JHCb B 'IBCTHUbl C HMHYllbCOM Po - dp XOTSI XPOMBTHqe-

CKHe aoeppauHH BO BTopoll CTyneHH npH 9TOM pe3KO yMeHbWBIOTCSI, OCTBIOTCSI aoeppauHH, 

/21/ 
CBSl38HHbie C p83/JH'IHSIMH B HO/JO)KeHHSIX npoMe)KyTO'IHb!X Haoopa)KeHHll • ,3TOT HeAOCTa-

TOK MO)KHO 'IBCTH'IHO yc~paHHTb, BB0ASI nepeKOMHeHCBUHIO, T,e. TOpM03SI Po AO Po -2dp, 

a Po + dp AO Po -,3dp (npH OAHHBKOBb!X MarHHTHblX CHCTeMa.ir. B nepBoll H BTOpoll CTyneHsix). 

OAHBKO npH 9TOM paccesiHHe B nor/JOTHTene CTBHOBHTCSI C/JHWKOM 00/JbWHM, ,Unsi yMeHbwe

HHSI B/JHSIHHSI paccesiHHSI npoMe)KyTO'IHOe aepTHKB/JbHOe H3oopa)KeHHe O0bl'IHO COBMeIUBIOT C 

ropH30HTB/JbHbIM, npH 00/JbWHX p C ( ;; 1 raB) Ha-aa 00/JbWOro pacceHHHSI MeTOA CTBHo

BHTCSI HeyAOB/JeTBOpHTe/JbHbIM, 

2) CnoCO0 W9CTHHO/JIOCHOI! /JHH3b/
221• • illeCTHHOIIIOCHBH /JHH3B (oo ee CBOl!CTB~X 

CM/
231

). B' KOTOpoll dB ,/dy nponopuHOHB/JeH ropH30HTB/JbHOMy OTK/JOH9HHIO X I HOM e-x ' 
maeTCSI B MeCTe npoMe)KyTO'IHOro ropH30HTB/JbH0ro H300pB)KeHHSI (cM. pHC, 176). BepTH-

KB/JbHOe H300pa)KeHHe no11yqaeTCSI B ApyroM
0 

MecTe (oobl'IHO AB/JbWe). via-aa AHCnepCHH 

Bee 'IBCTHUbl C HMHYllbC0M p + dp 0yAyT Hp0XOAHTb /JHH3y HpH x~dp/po 1 CKB)KeM 

X > 0 a 'IBCTHUbI C p0 -dp - HpH x < 0 , MO)KHO HOAO0pBTb TBKOJI 3HBK H CKOpOCTb 

H3MeHeHHSI !1-Bx ,/ dy C x, '!TO 'IBCTHUbl C Po + dp nony'IBT AOHO/JHHTe/JbHyIO cpoKyCHpOBKy 

no BepTHKBIIH TBK0ll Be/JH'IHHbI, KBKBH HY)KHB AIIH COBMeIUeHHSI BepTHKB/JbHb[X H300pa)KeHHll 

A/ISi p
0 

+ dp H p
0 

B OKOH'IBTe/JbHOM H300pB)K9HHH, "!BCTH'll(bl C p
0 

- dp oy AYT AecpOKy

CHpOBBTbCSI no BepTHKBIIH, 'ITO TBK)Ke rrpHBeAeT K COBMeIUeHHIO BepTHKB/JbHbIX H300pB)Ke-

HHll AIIH p - dp H p , vicKa>KaJOIUee B/JHSIHHe wecTHHO/JIOCHOll /JHH3bl Ha ropH30HT8/Jb-

o O /22/ 
Hoe .O.BtUK9HH0 B0CbM8 HeaaaqIITenhHO , T8K K8K 9Ta nttH38 IlOM0IU80TCH B MeCT9 ropu-

30HTB/lbHOro H300pa )KeHHSI. 

3) MarHHT c KBBApyno/JbHOll He/JHHel!HOCTolO HO/ISi, TaK )Ke KBK tt weCTHHO/JIOCHBSI 

/JHH3B, 3TOT MBrHHT IlOMemaeTCSI B MecTe ropH30HT8/JbHOro (AHCrreprHpOBBHHOro) H30ppa-

)K9HHH. via-aa Toro, '!TO d 2B,/dr 2 ,/ o , B03HHKaeT dBz /dy ~ x , B ocTBllbHOM - Bee 

TO )Ke, '!TO H A/Ill weCTHilO/JIOCHOll /JHH3bl, 0 ,IlpHMSHeHHH aToro crrocooa CM, CTp. 34 /
21! 

5
,1 /32/ / 19/ 

CTp, B H 

'Heo0XOAHMO 0TMeTHTb, '!TO BO BCex 3THX cnocooax ua-aa KOH9'1HOr0 ropH30HT8/JbHOro 

x) 
3To yTBep)KAeHHe A/ISi MBrHHTHbIX CHCT9M H3 KBanpyrronell M0)K9T 0b!Tb TO'lH0 

/30/ · 
AOK838HO (cM, ), 
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pa3Mepa MHW8HH H ropH30HTanbHOJ! xpoMaTH'l8CKOJ! a6eppauHH nHH3 '18CTHUbl C .ll8HHbIM 

HM11ynbCOM (HallpH~ep, po +dp ) 11poi!.nyT qepe3 KOppeKTHPYIOIUHll aneMeHT (11ornoTHTenb, 

W8CTIIIIOn10cHy10 nHH3Y, aenHHei!Hbil! MarHHT) llpH pa3nH'l~blX X • H1 cne.aoaaTeJibHo, 11ony-

. 'lilT pa3nH'lHYIO KOppeKUHIO 110 aepTHKanH. '-laCTb IIY'IK8 6y.neT 11epeKOMll8HCHpoaaHa, '18CTb 

HeaoKOM118HCHpoaaHa. O'leBHtlHO, 'ITO 3TS HeoaaopO.llHOCTb KOMlleHcauHH 6y.neT T8M M8Hbwe, 

'l8M 6onbwe OTHOW8Hll0 a11c11epc11H K ropH30HTanbHOMY yaenH'l0HHIO H M0HbWa!I xpoMaTH

qecKa!I a6eppamrn 110 ropH30HTanH .nm, 11poMe)KyTO'IHoro H306pa)KeHH!I. npH ManoM_ dp/p
0 

u3-3a H8tlOCT8TKOB rop;;3oHTanbHOJ! qJOKYCHpOBKH KOMll0HCaUH!I xpoMaTH'l8CKOJ! a6eppauHH 

/26/ 
T0p!!8T CMbICn • B 110pBOM c11oco6e tlOCTH)KHMa axpoMaTH3aUH!I H306pa)K0HH!I B o6eHx 

11noCKOCT!!X, B TO Bp8M!I KaK B OCTanbHb!X HCnpaan!leTC!I nHWb aepTHKanbHOe tlBH)K0HHe: 

B Kananax 'lllCTb!X ny'IKOB HM8HHO B Hell H 11pOHCXO.llHT pa3aeneHHe. 

§ 9. ny'IKH c 6onbWHM paa6pocoM no HMnynbCaM 

B H0KOTOpb!X cny'la!lx Tpe6yeTC!I .lln!I nony'l0HH!I 3Ha'IHTenbHOl! HHT0HCIIBHOCTH qaCTHU 

Ha Bb!XO.lle 11ponycTHTb qepe3 q,0KycHpy10my10 CKCTeMy B03M0)KHQ 6onbWHJ! HHTepaan HM-

11ynbCOB. -npll 3TOM '18CTO B03HHK810T 38TPY.llH0HH!I Ka-aa xpoMaTH'l8CKOr"O pacwupeHH!I 11yq

Ka Ha axoae BO IJTOpol! 061,eKTHB (cM. pHc. 15), TaK 'ITO llpHXOtlHTC!I HnH npHM8H!ITb nHH3bl 

C 6onbwel! a11epTypol!, HnH npH6nH)K8Tb HX K npoMe)KyTO'lHOMY H306pa)K8HHIO. ,l1n!I 

Toro, 'IT06b! HanpaBHTb ace '18CTHUbl BO BTOpol! 061.eKTHB HHor.na npHM0H!IIOT 

c11euuanbHbll! 061,eKTHB, pacnonO)K0HHbll! 0K0no npoMe)KyTO'IHOro H306pa)K0HH!I. 3TOT 

,;61,eKTHB paCC'IHTbJBaeTC!I T8KHM o6paaoM, 'ITO ace qacTHUbI, Bb!XO.ll!I-

IUHe H3 11ocneaHel! nHH3bl nepaoro 061,eKTHBa q,oKyCHPYIOTC!I Ha BXO.ll BTOporo 061.eKTKBa 

(11epab1l! 061.eKTHB - HCTO'IHHK, a BTOpol! - H306pa)K0HHe). no aaanorHH C onTHKOi!, T8KHe 

061,eKTHBbl nony'lHnH Ha3B8HHe nHH3bl non!! apeHirn ( field lens ) HnH a11epTypaoi1 nHH:-· 

ab/
281 • npHMepHoe pac11ono)Keaue 3THX nHH3 noKaaaao Ha puc. 15 ( ni , n

2 
) • 

§ 10. nony'leHHe xopowo noKanuaoaaHHhIX 11y'IKOB 

Qqeab qacTO Tpe6yeTC!I C03.llaTb ny'IOK C B03MO)KH0 6onee pe3KHMH rpaHHU8MH (aa 

Bb!Xoae) H C M8nbIM qJOHOM 38 npeaenaMH OCHOBHoro nyqKa. Bc!IKOe orpaHH-teHHe ny'IK8 
\ 

KOnmtMaTopaMH Bb!3b!BaeT cj:,OH pacce!IHHb!X '18CTHU. noaTOMy orpaHH'l0HHe anepTypbI cne-

.nyeT 11pOH3B0tlHTb B caMOM aaqane MarHHTHOl! CHCT8Mbl, .no npoMe)KyTO'IHbIX H306pa)Ke

HHJ!. B 3TOM cnyqae 6onbWHHCTBO pacceSIHHb!X 'ISCTKU nornoTSITCSI KonnllMSTOpaMH B npo

Me)KyTO'IHbIX H306pa)K0HH!IX • .Lln!! Toro, 'IT06bi .non!! pacceSIHHbIX 'lllCTHU 6hma M0Hbllle, 

orpaHH'l0HH0 a11epTypbl paayMHO aenaTb, B M0CTe, rae lly'IOK B aaHHOM Ha11paaneHHH HM88T 

Han6onbwy10 w_upuay. TaK, ecnH_ nepBhIM 061.eKTHBOM srnnSieTC!I_ ,1y6n.eT, Toa nnocKOCTH <PA 

25 



cne.llyeT orpaHH'lHl}8Tb ny'lOK OKOnO n
1
, a B net> - OKOnO n

2 
(cM. pHC. 12 H 15). EcnH 

peweHo He npHM0H!ITb KOppeKUHH XpOM8TH'leCKOJ! a15eppauHH nHH3, TO see )1{0 peKOM0H.lly-

0TC!I HM0Tb pa3)lenbHble npoMe)KyTO'lHble (.lleJ!cTBHT<;!nbHbte) H300p8)K0HHfl no ropH30HT8-

nH H sepTHKanH: pacce!IHHble 'l8CTHUbI, BblneTaIOIUHe H3 ropH30HT8nbHOro KonnHMaTopa 15y

.llYT B 3Ha'lHT0nbHOJ! qacTH norno11:1eHbl B sepTH~anbliOM KonnHMaTope. nocne)lHHJ! )Kena

TenbHO )lenaTb T8KOJ! BbICOTbl, 'lTOObl seCb 'xopomHJ!' ny'lOK (s npe.llenax, onpe)len11eMbIX 

' sepTHKanbHblM ysenH'leHH0M H al5eppauHe8) npOXO)lHn, He KaCa!ICb CTeHOK Konm1MaTopa. 

Ha BCeM OCT8nbHOM nyTH .llO OKOH'l8TenbHOro H3ol5pa)KeHH!I BbI.lleneHHbIJ! IlY'lOK He )lon

)KeH .llHacpparMHposaTbC!I. KpaJ!He )KenaTenbHO npose)leHHe scero ny'lKa B OTKa'l8HHOJ! 

()lo cpopsaKyyMa) Tpyl5e HnH XOT!I Ob! B renH0BbIX MeuIKax .llnH yMeHbllleHIIH MHOrOKpaT

HOro KynoHoscKoro pacce11HH11. Ecnn see )Ke Heol5xo.llHMO noMemaTb s ny'lOK paccensa

TenH, TO )KenaTenbHO HX CTaBHTb He.llaneKo OT MHWeHH HnH ee np~Me)KyTO'lHb!X H3015pa

)KeHHJ!: npH )laHHOM cpe.llHe-KB8.llp8TH'lHOM yrne pacce!IHH!I cpe.llHeKB8.llp8TH'lHOe pacwHpe

HHe H3ol5pa)KeHH!I 15y.lleT nponopuHoHanbHO paccTO!IHHIO OT (cocpe.llOTO'leHHoro) pacceHsa

Ten11 .llO H3015pa)KeHH!I. 

§ ii. npaKTH'leCKHe BOnpOCbl IOCTHpOBKH M8rHHTHbIX CHCTeM 

KoHTpOnb Ha)l p83MemeHHeM nHH3 H MarHHTOB B.llOnb BblopaHHOro HanpasneHH!I npo

H3B0.llHTC!I OObl'lHO npH noMOIUH TeO.llOnHTa. BMeCTO reoMeTpH'l0CKHX oceJ! nHH3 npH TpaCcH

pOBKe )KenaTenbHO iicnonb30BaTb HX MarHHTHbie OCH. To'lKH Ha MarHHTHOJ! OCH MQ)KHQ C.lle

naTb BHJlHMblMH, noMema>I BO BKnIO'leHHYIO nHH3Y COCY.ll C KonnOH.llHbIM pacTBOpOM OKHcnos 

/29/ 
)Kene3a • npH HaonIO.lleHHH Me)KJlY CKpeWeHHbIMH non>IpH38TOpOM H 8H8nH3aTopOM oy.lleT 

BH.lleH TeMHbIJ! KpecT (no.ll 45° K OC!IM JC H y ). MarHHTHa>I OCb noKanH3yeTC>I no 3TOMY 

cnocol5y c TO'lHOCTbIO - 0, I MM, nposepKa OTKnOH>IIOWero )leJ!CTBH>I MarHHTOB H . q>OKycH

PYIOIUero )lei!CTBH>I nHH3 MO)KeT npOH3B0.llHTbCfl npH noMOIUH TOKOHecymeJ! HHTH
1241• 113 

3H8'leHHJ! nonepe'lHb!X K00p.llHH8T HHTH MO)KHQ Bbl'lHCnHTb nono)KeHHe H3015pa)KeHHJ!. none

pe'lHbie KOOp.llHHaTbl H3Mep>IIOTC>I npH nOMOIUH MHKpOCKonos H HOHHyCHb!X WKan ( TO'lHOCTb 

- 0,1 - 0,2 MM). 0.llHaKo nocne)lHee speM>I npe.llnO'lHT8IOT' 3THM MeTO.llOM He nonb30B8TbC>I, 

T8K KaK TIUaTenbHOe H3MepeHHe napaMeTpOB nHH3"H MarHHTOB n03BOn>IeT BeCbMa TO'lHO 

BLI'lHCnHTb nono)KeHHe H300pa)KeHHll. Onb!T Hana.llKH nyqKQB noK83bIBaeT, 'lTO B ycnoBH>IX, 

Kor.Ila snHHHHeM pacce11HHoro nonl! ycKopHTen11 MO)KHO npeHel5pe'lb, pacc'leTHbie rpa.llHeH-

, /25/ 
Tb! cornacyIOTC!I c aKcnepHMeHTanbHO no.llol5paHHblMH c TO'lHOCTbIO , nyqwell 1-2% • 

ct>opMa ff pacnono)KeHHe H3015pa)KeHHJ! OObl'lHO Hccne.llyIOTC!I npH nOMOIUH .llHCT8HUHOH

HO ynpasm1eMbIX CUHHTHnmiUHOHHbIX C'l0T'lHKOB Hel5onblUHX pa3Mepos, BKnIO'leHHbIX B cxeMbl 

cosna)leHHil c· .llpyrHMH C'leT'lHK8MH, nepeKpbIB8IOIUHMH secb ny'lOK. BbIOO?_ pa3Mepa C'leT

'lHKOB onpe.llen>IeTC!I pa3MepoM H30l5pa)KeHH!I (snnoTb .ll<> 1-2 MM). Ha.Ila OTMeTHTb, 'lTO 
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ecnH onTHM,H38UH!I aepTHKanbHb[X H306pa>KeHHll l'.l0CTHraeTC!I o6bl"IHO. ll0B0nbH0 nerxo, 

TO aacTpoJ!xa nepaoro ropHS0HTanbHoro Hso6pa>KeHH!I (y xonnHMBTopa, Bbll'.lenmoll{ero 

dplpo ) 38Tpyl'.lH!leTC!I Manoi! 38BHCHM0CTbIO HHTeHCHBH0CTH B. nepeLJ;BHraroll{eMC!I C'leT'lHKe 

OT ero nono>KeHH!I H pe>KHM8 n!fH3. no-BHJ:lHMOMy, STD CBSl38H0 C TeM, 'lT0 HeCM0TpS! Ha 

T0'!Hyro r0p!i30HT8nbHYIO cpoxyclipOBKY q8CTliU C P = Po B ueHTpe xonnHM8Topa HHTeHCHB-

H0CTb 'l8CTHU B 8T0M MecTe npH X ./ 0 npH6n!i3HTenbHO T8K8SI >Ke, '!TO H npH .x = o. 
3TOT pesynbT8T nonyqaeTcsi npH l'.loaqnhH0 o6UlHX npel'.lnono>KeHH11x o xapaxTepe liMnynbc

aoro cneKTpa 'l8CTliU Ii CB0J!CTB8X CHCTeMbl, vls-sa 8Toro scpcpexTa HeK0T0pbre 8BT0pbl 
/25/ 

0CT8BnSIIOT l'.lml nepaoro 061>eKTHB8 pac'leTHbIJ! pe>KHM • 

OnliC8HHe peanbHblX M8I'HliTHblX CliCTeM M0>KH0 H8J!Tli B 0pHI'HH8nbHb[X C006UleHli
/ 10 21,25 26'30-32/ 

!IX ' ' ' • 3To rnaBHbIM o6pa30M cn0>KHb!e CHCTeMbl C cenapaT0p8Mli, Mo-
/ 17 18/ /19/ 
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Pnc. I. 1paqmqecKoe nocTpoenne TpaeKTopun B Mennannoll 
nnoCKOCTll no ll3BeCTHOl1 Tonorpacpull MBrHllTHoro 
nonSI. 

P11c, 2, CncTeMa KoopmrnaT R, ¢ , npl!HHTaH nnH q,opMyn ( 3 ). 
p -pan11yc KpHBll3HhI TpaeKTop1111, Ha p11cynK</ pl R<O, 
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x.tog5 Biol 8=0 
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P, 

6) 

,aver, ?pcvR D= (x, + (dfds),,L top) P. 
dP 

~ - Lz. L··· 
c:- . 
XL: ... . ·_-

{dx/ds}, 

dtta1s•··: . Btol 8 =O 

P, x,=(dfris)
0
=0 

a) 

Pac. 3. Bhr'!Hcneaae nono)KeHHSI MHJl'°Moll Ml!llJeH11 l- rop a), rop1<30HTanbHoro yaeni,qeHHSI M rop 6) 

" ni,aellaoll .llHcnepci,a D , a). B .llBHHOM cnriae L rop .<O M rop > + J. 



P11c. 4. CxeMa Mar1111T11oro non,1 B KBB.lpynon,;11oli mrnse. Och Z ( no cKopocT11 'lBCTIIUhI) 

nanpaane11a B qepTem. BllLJ.HO, 'ITO !Bl nocTo,rneH npll r=const; no Bxll By 
Me1IHIOTCH0 npll Ll.BHHOM X By= cons/ , a BX He 38B11Cl!T OT Y • 
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Q}~a' 
6-8'6-

PHc, 5, a) Otpe.nenenne acj:,cpeKTHBHOl! .Cl/lHHbl /IHH3bl f • fo - reoMeTpH'18CKSSI .Cl/lHHS nomocoa. 0 napaMeT

pax zo n b CM. CTp. 8. 
6) Onpe.neneHHe cj:,oKyCHb!X pacCT0SIHHl! II Il0/I0>KeHHll rnaBHb!X" Il/l0CK0CTel! /IHH3bl B cj:,oKyCHpyromeA ( i) 

H .necj:,oKyCHpyromea ( y) Il/l0CK0CTSIX, • 

AB - ueHTpallbHBSI ll/l0CK0CTb, np11 cj:,0Kyc11poaKe Pp - BX0.ClHBSI, a P'p' - Bb!X0.ClHSSI ll/l0CK0CTH, 

npH .Cl8qJOKYCHp0BK8 BX0.ClHBSI n/l0CK0CTb Qq O a BblX0.ClHSSI - Q; ,, f OTC'IHTbIBB•IQTCSI OT BbI-

X0.ClHbIX ll/l0CK0CX8J! , 
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P Hc. 7. "J1HH38 naHO!pCKoro· C npS!MOyronbHOll anepTypoA: no ropH30HT8nH 61 CM, no sepTHKanH 15,2 CM. 

f O = 91 CM, S MBKC ~ 470 re/CM• 



Pac.8~a)Paapea nomocoa nWH3bl, paapa6oTaHHOI B 6pyK.xaeeHe
181• 

Cl>opMa nonK>CHbIX H8XOH0qffffKOB cRnbHO OTnH'l88TCR OT 

renep6one'l.ec1to:A:. B Bb1pearuc noMewaeTCH o6MOTx:a. 

6) 06w.eA BHll STOA nHH3bl. 
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11 11f•r , 
,. 11 / 
" I / 

t.h 

PIie,· 9, ¢OKYCHpOBKa C0KTOpHblM MarHHTOM C H0OllHOpOllHb!M noneM IlpH HOpManbHOM 

Bxone ,H BblXOlle. P~·-- BhlXOllHaSI rnaaHaSI nnoCKOCTb. 

i. ..... >':~ ', 

•,, 

►~~d. 

R 

., .. , 

C 

~ ,_,._ . . ,, 

PHc. 10. Cny"lal! npoHaaonbHoro axona B MarHHT H Bblxona 

H3 Hero. Ha pHCyHKe 0> o, r> 0 • BHeWHSISI TpaeK

TOpHS! Ha H36b1TO"IHOM nyTH noaopaqnaaeT Ha yron L'.a. 
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Puc. 11. TToaopoT H )J.Hcnepcusr JJ.nsr "npsrMoyronbHoro" MBrH11Ta. 
nnsr Hawero cnyqasr L<O, dx<O. 
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Pnc. 12. TpaexTop'\fH '18CTHU B .ny611eTe nHH3, paccMOTpeHHOM B.npHMepe Ha CTp .. 15.o, H O - reoMeT• 
pu,qecxue ueHTpbl mrna .. Pp H Qq - axo.onbie, a P'p.'· H Q'q' - BhlxonHbte rnaBHhle rmocloCTH. 
nynxTHpoM noKaaauo .ne011<eHne 11acTHU a cnyt-tae, ecnu cnell.ylOWBSI neuaa ue 6bma 6b1 exmoqeua. 
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cp D 

8 

.D 

cp 

.D 

i 
A3 (<PDQJ) 

X·0,539 

P11c. 13. TpaeKTOpHH 'laCTHU B CHMM8TpH'IHOM TpHnneTe nHH3 (a LIBYX 

nnocKOCTHx) A 1 , B 1 , A:z_ , -B2 - MHHMble npoMe>KyTO'IHbie 

H3o6pa>KeHHH. Koae'IHbie ysenH'leHHll - 0,539 (ct>D<l>) H -

0,513 (Dct>D). a =6,3 M, · b =3,1 M, d = d =1,2 M, f ,;,£ =0,72M, 
I 3 ,.t 2 I !I 

f
2

=1,11 M, fl+= /
3
+=1,69 M, /

2
+=1,lo6 Mo 

P11c. 14. CHMMeTpH'IHhil! KsapTeT nHH3. 
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PHc. 15. LlHcnepcHst a OKCT8Me MarHHT n 0 - .ay6neT nHH3 n
1 

n
2

, H KoMneacauest nHcnepcua npa noMoWH 

MaI'HHTa n . npe OTCYTCTBRH KOMneacauHH H3o6pam:eHHSI A_ H A+ ne>1CanH 6b1 HS KpHaoA 

ee"• CE
1 

e Rk+>• B11:.a.ao pacwapeHHe ny'lKS. Ha axo..ae ao BTopoA .ay6neT. BoaMO}KHOe nonomeHHe 
•,tftH3 nons 3p8Hfffl' DOK838HO nyHltTHpOM ( n, ,n:,J . .0.y6neT pacC'IHT8H Ha CTp. 15. J..-fao6pa.>KeHHSI 

nocne KOMlleacauHK .clHCnepcmt o603H8'leHbl 6yKB8MH co WTpHXaMH. TpaeKTOpKSI C P mpo cnpsMneaa. 

5CM. 

4 
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PHC. 16. XapaKTep HMnynbcHoro cneKTpa "18CTHU, npoXO)lllWHX 

"lepea ropH30HTanbHblll KOnnHM8TOp B CHCTeMe Ha pHc.15. 

1 - cny"lall TO"l8"1HOll MHW8HH, 2, 3, 4 - cneKTpbl IlpH 

yBenH"IHB8IOWHXCll paaMepaX MHW8HH HnH CM8W8HHH 

KonnHM8TOpa. 
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Koppef(m 
nouiomu, 

a) 

dp-

PHc. 17. Cnoco6hr aeJ!TpanHaauHH xpoMaTH'lecKoJ! a6eppauHH nHaa. 

6) 

a) KnHHOo6pa3HblJ! nor-noTHT0Ilb (HaMeHeHHe p B ny'IKe), 6) WecTHilOillOCHBH nHH3a 
(,llononHHTeilbHBH cpoKyCHpOBKB HilH ,ll0<pOKYCHpOBKB no aepTHKBnH). 


