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A H H 0 T A U H H 

B 3TOM ~OK~~e ODHCaHa CHCTewa · HHXeK~HH KO~enH 

uaxonHtenbuoro xo~bna. laHH uexotopue ~e~anH reuepatopa 

Bau-~e-f~ H MeTO~ CTa6HXH3aUHH nocpe~CTBOM cneKTpO­

KeTpa. OOcy~aDTCH pacqeTU 3X8KTpOBHO-ODTHQ8CKOI CHCTeYH 

ot tpaHcnoptHpoBKH nyqxa reuepatopa ~o KO~b~a. 
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.ll-p II. KHpcTatiH 

I. BBE.I(EHME 

B F.nponeMcxon oprrunmauHH no SJ,:!l;epHUM Hccne.n;onaKHsrM, JCoto­

pyn npMHSJTO xpaTKO Has~naTb UEPH, o~HH ·oT~eJI saHMuaetcsr npo6ne­

MaMH C03.n;aHHSI HOBUX 60JibmKX yCKOpHTCJie~. 3TOT OT~eJI paCCUaTpH• 

Baer .n;ne npo6neuw. BoNnepiHX,MH paccMatpHnaeu nosuo~HOCTH H TPJl­

HOCTH HaKOllMTeJibHHX KOJI9U AAH npOTOHOB C 3HeprMe~ 25 E3B (3HeprHSI 

CMHxpOqa30TpOHa B W,PHe) ; BO-BTOpHXl MCCJieJtyeu nonpo CH O.OJJblllHX 

ycTaHOBOK C · 3IIeprKeH 6011ee CTa B3B (MO:I:eT dbiTb TpHCTa HJIH THClllla), 

KOHe'IUO TOT ¢B.KT, liTO :Ubi HCCJie.n;yeM 3TH BOnpocu, He 3HaliHT, qTQ 

O~HII M3 HHX 6y.n;e·T OC~nqeCTBJieH B UF.PHC HJIH XOTH 6u, qTo MH npH­

COeAHHHJlHC$1 K TaKoMy npoeKTy. TeM ne MeHee, HayqHuH CoseT UEPHa 

co r nacMJICH, qTo6H MH wccne.n;onanM oTH nonpocu H npHrnacHAK 

ylleHHX H3 CTpaH ylla.CTHI1U L,'EPHa, a Ta.Iae H3 .n;pyrMX CTpa.H, :rloa-

TOMY MH P.a,n:ceMcSI, ttTo ylleHue H3 CCCP H CiliA TaKxe npHcoe.n;MH.HTCH 

JC HaM B ImPHe AJISI GTVIX HCC1I9AOBaHH~, 

H He xolly rosopHT'b 6oJibllle o npodneuax doJI'blllHX .r.ali!IHH, noToMy 

qTQ Mbt TOJibKO ce~ac HaliHHaeM npaBHJibHO · HCCJI9.IJ;OBaTb HX. XOTSI 

MH HamwaJIH npeAnapMTeJILHYD cTaTLD I I I o HaKonMTeJibHbtX KOJib~e.x 
,n; nSI npoTOHOB c 3HeprHe~ 25 Ean, Heodxo.n;MMO dy.n;eT pemMTb MHoro .n;e­

TaJieR .n;o Tex nopJnoKa 3TO 6y.n;eT pa6ollee npe.n;no~eHMe, .no Hactosr~ero 

npeMeHH Mbt pa6oTaJIH TOJI'bKO Ha.n; MO.IJ;CJI~n HaKOll~T9JlbHOf0 KOJibUae 

3Ta MO.IJ;eJib dy~eT HaKanJIMBaTb 3JI8KTpOHbl C 3HeprMeR 2 M3Be ~bl H~ee~ 

cSJ, liTO oHa HaqHeT pa6oTaTb ~THM ncToM, ReT Heo6xo~HMOCTH 
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oiiHCHBaTb BCe IIO~p06HOCTH OTOn MO~e~Hj OHM 6H~H OIIHCaHH B ~OK~a­

~e, KO'Jrp ~-~n Man Ko~~era npoqeJI BaM ro~ TOMY Hasa.zt/21, TeM ae 

MeHee, Sl XO"'y BaM HaiiOMHHTb HaH60Jiee De.Jr:HI:Je napaMeTpH KOJU:>Ua, 

'4T06hi IIOSICHHT:b B8ll{H, 0 KOT.OpbiY. Sl CKaJ:Cy HHlt8e MO)(CJib 6y.n;eT pa6o ... 

TaTL c sHeprHett 2 MsB; ee pa.n:Hyc 4 M,- 11 nonepeqHoe ceqeHHe JxiOcu~ 
11pH 3TOM pa,n:HyCe I1 3HeprHI1 JKM3Hb 3JieKTpOHOB IIpM BaKyy?.fe 10-9 TOpp 

- I ceK. KpaTKOBpeMeHHaSI cTa6~JibHOCT1 MarHHTHoro rroJISI Oy.n:eT 

o, OI%, a .n:oJiroBpeMeHHfi.H cTa6rurLHO_CTL-O, ~. 

MH XOTV.M ~eJiaTL T0'4Hb18 H3UepeHHH pacnpe.n;eneHHH '4aCTHil ITO 

3HeprHH B HaKaiiJIHBaeMOM nyqKe H KOJie6aHHH nyqxa B ¢a30BOH DJIOCKOC-

TH. IT03TOMY He06XO)(HMO C03)(aT:b CJIO.IlyD CHCTeMy HHE8KUHH 7 t{T06~ 

IIOJIY'4HT:b KaK MOXHO MeHLWHe 6eTaTpOHHhie KOJie6&IHH. llpHHHTHn npHH• 

UHII CHCT8Mbl HHXeKUHH HHTepeceH He TOJILKO )(JIH MaJIHX yCKOpHTeneR, 

HO TaKXe H ~JIR 6o~&illHX ycTaHOBOK. MH HCIIOJ1&30BaJIH MHOrO ~JieMeHTOB 

CHCTeMH HIIJ:eKUMM 60JibWOR YCTB.HOBXH B IlEPHe H paspa60T8.JIH Hec-

KOJI&KO HOBHXt II03TOMY Sl Ha)(8!)CL, '4TO BH TaKZe 3e.HHTepecyeTeC:D 

CMCTeMo~. UHX8KUHH TaKOtt He6oJI&mott ycT~OBKH. . 

CMcTeMa HHE8KUHH COCTOHT H3 qeTHpeX 'llaCTett: HCTO'llHHK 3Jl8KT­

pOHOD, 3JieKTpOHHO-OIITH'48CKaH CHCTeMa, HHcpneKTOp H CIIeKTp01l8Tp. 

06 HCTOt{HHKe 3JI8KTpOHOB R He 6y~y rOBOpHT& MHOro. 3TO reHepaTop 

BaH-)(e-rpaa~, H fl TOJI:bKO OIIHWY Te )(8T~H, KOTOp~H OH OTJIH'llaeT­

CSI OT 06WIHHX reHepaTOpOB TaKara nma. 3TH ~eTBJIH rJy)(yT om:caHH 

BO BTOpOM naparpaQ)e. 3JJeKTpOHHO-OIITH'lleCKaH _CUCTeMa II0~06Ha Ta­

KKM ·xe CHCTeMaM B 60JiblliHX Ma.niHHax, II03TOMJ fl OIIHWY ee UOJIHOCT:DD 

B TpeT&eM naparpa~e. 3.~Hwepi 2 I BaM yxe onHCHBa.n HH~eKTop, 
no~ToMy a o HeM H~'llero HC cxaxy, a npep,noJiaraD1 '4To Mhi sHaeu Bee 

VC.ll0Bl1U1 Ha BXOJie litl-HMeKTOnA.. 
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CodcTBeiiHo, Ban-)(e-rpaaq, HMeer cra<5HJI&HOCTh O,I%. 3Ta 

CTa6HJihHOCTb xyze KpaTKODpeMeHHO~ CTa<5HJihHOCTH warHHTHOrO nOJIHe 

ll03TOKy MH fiOCTpOHJIH cneKTpOMeTp, KOTOpH~ HCOOJihSyeT TaKOH Ee 

MarHHT, KaX B CaMOM KOJib~e, H 3JieKTpHqecK~ llOCJie)(OBaTeJibHO coe­

)(HHeH c liB.rHHTaKH KOJih~a. TaKHK odpasoM, soswozHo <5y)(er sawerHT& 

pa3HKUY wex)(y 3HeprHe~ aneKTpoHos, coorsercrsynmHx varHHTHowy no­

JID HHXeKUHH, H 3Hr.prHeH 3JieKTpOHOB, BUXO)(HmHX H3 BaH-)(e~rpaa~, 

MeHbmyD qeu I50 3B. C fiOMOmhD o<5parHon CBH3H 6y)(eT B03MOZHO 

Teoper~ecKH coxpaHarh ary pasHH~Y weHbme qeu 200 as HJIH o,or~. 

CneKrpowerp H MeTO)( odpaTHOA CBH3H, KOTOpHe MH dy)(eK HCfiO~L30BaTL, 

qro<5H )(OnOJIHHTeJihHO CTa<5HJIH3MpOBaTb BaH-~e-rpaa~J<5y)(eT OOHcaH B 

qersepTOM naparpa¢e. 

.H He xoqy onHcusarb see .»;eTaJIH reHeparopa, a TOJ!bKO yxaxy 

BaM ero rnasHue napaMeTpi:l v. HecraH)(apTHI:le ,lleTanH. IIonHan aHep­

rHH reHeparopa 2 MaB~ OH HMeer )(Be Tpy<5KM )(JIR ycKopeHHa aneKT­

poHos. B KoHue I959 ro)(a, Kor~a vu saKasaBaJIH vamHHy, MH xore­

JIH CTpOHTb CHMMeTpHqHH~ KOJibU9BO~ ~30TpOH C BCTpeqHUUM nyqKaMHe 
• 

rroaToMy HaM HJXHH <5I:lJIH MJIH reHepaTop c .nsyvn nyqKaMH, HJIH )(Ba 

reHeparopa , ~JIM cHcTeMa AJIH nepeMeHu nyTH O,'tHoro nyqKa. Mu peiUH­

nM, 4TO BaH-)(e-rpaa~ c )(BYMR rpy<5KaMH <5y~er cav~ npocTHM pemeHHev 

l{or.!J,a MLI M3MeHHJIMf npoeKT 11 HC\\!aJI¥1 CTpOMTL HaKOni1T9JibHOe KOJibUO t 

Mbl pem~m1 , 'iTO BTOpon ny40K MOlltHO <5y~eT HCUOJib30BaT& )(JTR CTa<5J1-

r eHeparop 3anycKaeTCR mmyJIL CmH1 CBeTa H3BH P. reHeparopa. 

MaKCYIMaJihHhlb TOK KruJ,_noro nyl!Ka B HMnyJibCe- I15 a. )lJiureJI :DHOCT b 
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IAMllYJibCa C,4 - I, 6 MICCeK, B TC' npeMS! KaK ,11;JIJATeJILHOCTJ, .oCiopoTa 

3JieKTpOHOB B KOJibU8 80 HCel\
1 

ll03TOMY MH C·T,POIAM HMnyJihCHLlt1 re­

Heparop, tiTOCiH nonyq~~Tb IAMITYJibCb! CiO.'lCe KOpOTKHCo 06WiHO HMllYJibC­

HH~ TOK .n;pyroro nyqKa He npeBHwaeT I-2 Ma. rnaBHH~ DyQOK 6y­

,n;eM Ha3hiBaTb "nepBH~ nyqoK" H .n;pyroR - "BTopoa nyqoK". 3wmTaHc 

nyqKa (nnorta.n;b ny'IKa B Koop.:n;HRarax x,x' ) B Merpe or reHeparopa 

npH 3HeprHH 2 M3B H TOKe I,5a paBeH 2 MM X Mpa,n;. ~~e Cie3 CTaCiHJIH-

3aUHH nocpe,n;CIBOM CileKTpOMeTpa 3HeprHR nyqKa H8 OIKJIOHHeiCH 3a KO­

pOTKOe BpeMH (I qac), 60JibW8 1leM zl000 3B. 3Ta BeJIH1lHHa OTHOCHT-

CR K Hatia.Jiy 11Mlly Jibt:!e rrepBoro nyQKa} llOTOMY tiTO npl! C50JibllJHX TO­

l~aX HanpmKeaHe na.,n;aer uuoro 6oni>me 3a MMnyJII>C (n9.npR)K8H!.1e na.Aa-

er Ha 7 KB, eCJIH l MKKYJIOH YHOCHTCR B KOpOTKOM HMI1YJII>Ce H3 reHe- . 

paropa). Aw HcnoJib3yeu aro na.n;eHHe HanpnxeHHR .n;nn craCiHJIH3aUHH 

reHeparopa rrocpe.n;cTBOM crreKrpoMwrpa. MaKct.maJII>Hhl!1 cpe,n;HH:t TOK 

yciwpeHHHX oneKrpoHon I, 5'-Aa. 

qTOCiU llOJiytiHTb 3TH TOKH, HeOCiX0,11;MMO HCI10Jlb30BaTb OKCH,11;HH~ 

-t'; 
ItaTO,'( . c aaKyyMoM IO '"'ropp. TaK KaK BaKyyM B KOJII>Ue .n;oJI:xteH 6h!Tb 

I0-9ropp, H8.M H80CiX0,11;ID.t XOpOillH~ ~aKyyM B yCKOp!!Dli(HX Tpy6KaX 

reHeparopa. Bo BCBM KOJibUe MH HCll0.1Ib3yeM TMT8HOBYe Hacocu; BCR­

Ime CJie)(bl MaCJ!Ii CK8.31JBar.;Tbi Ha BpeMeHH JICH3HI1 TpyCioK, B03TO:My Mhl 

pel:UHJIH l1CITOJib30BaTb THT8IIOB~e HaCOChl TaK:are l1 B reHepaTOpe. 

nee .n;pyrHe ,IT;eTanu rcncpaTopa caMHe o6mHbleo 

J. 3JJeKrpoHHaJI onnrttecKaR rncreMa 

a) D~cAeH*H~ 

B OTOM ,l.I;OKJia,Il;e R BaM He 6y.zr;y Ha,noe,n;aTb tiMCJieHHh!MH DO,n;OCiHO­

CT.IlMH 3JI8KTpOHHO-OI1TI1tiCCKOlt CI1CT8Ml-1o 0HH CibiJIH DOJIHOCThll OI1J.1CaHLI 
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B craTI>e I 3 I KoropaSI B c:hr6m1oTeKe yxe ecTJ: .• H xotiy Bau T01IbKO 

OllHCaTb npHqHH~, no KOTOpiDl M~ BU6panH OKOH4aT81IbHUP. BapHaHTo 

llro6u aro c~enaro, R CHa4ana omtury neKoropHe o CHO BHhle n:pe.n; no.iio­

:JKeHU.H 0 rrytiKaX H 3118M8HTaX, KOTOphie MU 6y~eM HCITOJih30Ba Tba J{JI.R 

3119KTpOHHO-OITTHq CCKOP. C!1CT8Mb! He06XO~HMO 3Ha Tb He TOJibKO pa3M8ph! 

nyqKa B nonepeqHoM HanpaBneHMH, HO r a K%e yrnonoe pacrrpe~eneHHe. 

06H4HO MOXHO paCCMaTpHBaTb ~BYt~9HH8 B ~BYX nonepeqHhiX Hanpanne-

HHSIX, He 3aBHCHmHX ~pyr or ~pyra H Or 3HeprHM. He COBCeM npaBH1Ib­

HO CK8.38.Tb, qro !lOrrepeqHoe .l(BHllteHHe He 3aBHCMT OT ~Heprim B ra­

KHX CHCTeMaX. 0.U.HaKO OTKJIOHeHHe qacrHUhi or OCU COCrOMT H3 ,JJ;BYX 

qneHOB; O.IU1H 3aBHCVIT TOJibKO 0:1: 3HeprHU, H He 3aBHCHT OT HaqaJibHWX 

p&CCrOSIHH~ qaCTHU or OCH. ~pyro~ 3aBHCHr r01IbKO or HaqaJib-

KWX KOOp.ztHHar (paCCTOSIHH9 or OCH yron)H noqrH He sa-

IHCHr or 3HeprHH. IlepBblH qJieH OI!HCblBaer xpollarHqecKHi! 

3~eKr CMCTeMUj 3TOT qJieH O~HHaKOBU~ ~1ISI BC8X qaCTMU C IT0~06HOM 

3HeprHe~. 0H paBeH Hynn, eCJil1 HeT OTKJIOHeHH.R B Cl1CT8Me.HanpH¥ep, 

B 1IHH3aX 3TOT qJieH paBeH Hynn, H TaK Ee B OTKJIOHRDmHX 31IeMeHTaX 

B IT1IOCKOCTH , nepneH~HKy1ISipHO~ OTKJIOHeHHD. B Kax~o~ ITJIOCKOCTV. OTOT 

tiJieH xapa.KTep~13yeT 11~1He~HOe H yr1IOB08 OTKJIOHeHYie opChtTbl OT OCH. 

BTOpO~ tiJieH OITHCUBaeT BJIH.RHHe HaqaJibHUX · ycJIOBH~. IT03TOMY OH Xa­

paKTepH3yeTC.R 2X2 MarpHUC~ B Kax~o~ ITJIOCKOCTH, KOTOpaR llOKa3u­

naeT, KaKHM o6pa30M KOHeqime 1IHH8tlHHe l1 yr JIOBhle O'J'KJIOHeHHSI 3a­

Bl1C.RT OT HaqaJibHhlX YCJIOBHtfe JlJI.R KpaTKOCTH 3TH )T,Ba qJieHa 6y).{yT 

Ha3uBarbc.R .Y H ~ • B ycraHOBKax, rro~o6H hlX Halll_e~,qa cTHrthl c 6erar­

poHHhiMH KOJie6aHHRMH) MeHLllH1Ml1 onpe~eJieHHO~ B81Il14 MHhl , Ji e~aT BByTpU 

31IJIHnca B ¢a,3oBot:t rrJioCKOCTH (n npe.n;nonararo, 4TO Bb! nee 3Haere 

ITO~p06HO 0 ~30BOt1 ITJIOCKOCTV.; ecJIH Xe HeT, TO OHa d~Jia OITHCaHa, 

HanpHMep, B craTLe I 3 I). 1i3MeHeHHe panHoEe CHo ~ opdnn! 
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B HaKOfiHTeJibHOM KOJlbUe TaKXe 3aBHCHT JlHHeHHO OT 3HeprHH B ropH30H­

TaJlbHOU fiJlOCKOCTH H He 3aBHCHT OT 3HeprHH B BepTHKaJlbHOH ITJIOCKOC-

TH. 'IacTHIU», Koropue suxo.zt.HT H3 reHeparopa Bau-~e-rpaa$3. , ne>!CaT 

ra.KY.e BHYTPI1 311mmca B £lft30BO~ nJIOCKOCTH. 

B JlMHef:tHOM npH6mnr;eH.rm BCe :3JieJ.reHTbl, KOTOpl:!e HCllOJib3yKlTCII B 

3JJe.KTpOHl~O-OllTH'4eCKHX CHCTeMaX,TpaHCq,Dp}.Hr.py~T 2JlJIHilCI:l D $i30BO~ 

DJIOCKOCTH B ~pyrHe 3nKHDCI:le 3TO flORCH.HeTCR Ha pHc.I. ECJIH MOH0-

3HepreTM'4HUe 3JleKTpOHI:l 3aHKU8DT nJIO~~~b, orpaHHQeHHyv 3JlJIHllCO~ C, 

B ~30BO~ llJIOCKOCTH ~0 KaKOrO-TO 3Jie~eHTa, TO DOCJie 3ne~eHTti 

rpaHMUa 6y)(eT onpe~eJIHTbC.H ~pyrHM 3JIJIMncoM - C ' . Ecn.rt tlOH03liep­

reTH4Hue 3JieKrpoHII ;'l;pyron aHeprHM 3aKJIDlleHH nuyTpM c, ro nocne 

II 
ane:NeHTa rpa.uMua 6y,ner ~ • !'.3 roro, liTO .H cKasan paH:Drue o BJIM~-

Hln! 3JieMeHTa 3JleKTpOHHO-OllTHlleCKO~ CMCTeMHJ I!CHO, 4T.O ¢opM8 C H 

<PopMa C1 
O)lHHaKOPU, TOJibKO UeRTpbl 3JIJii1nCOB He rJy}J.yT COBITa).(8Tb 

}J.pyr C }J.pyroM. ~TH CBOHCTBa 3JieMeHTOB )(aDT HaM B03MOXHOCTb 

paCCM8TpHBaTb TOJibKO H3MeHeHMR ~ptlU 3JIJIHllCOB. Bee DJIO~~H B ~-

30I!Oi1 HJIOCKOCTH coxpaHJIIOTCif COrJTaCHO TeOpHH JlHyBHJIJIJi; n03TOMY 

npH 8HUJIH3e CHC1'eM.P HeOdXO)tHMO pacm.lOTpeTb TOJlbKO ~Be ITEl.p!-.1 liH­

CeJI. O,n;Ha napa I)TI!1Cusaer .n;Bnl:enne ueHTpa an.mmca - sro xpoMa­

rat~ecKr·Hi ttJieH, JJ.pyra.H onMCJlBaeT !Jx:>pu:y anmmca noc1'CJ.liHHO ~ nJtoll(~H. 

B arot11 naparpa¢e MH 6y~eM aaHHM8TbC.H H3ytteHMeM 3THX JJ.BYX nap 

l.lHCeJI.. j.,ib! XOTi1M 1 QTOC5U HEIJ!Ia CHCTeMa 6una rMrJKOR. fJ03TOivly Mil 

I,l6.3)tG.IJ.IUIH ee Ha Tpi1 4aCTH. O~Ha - ~JI.H XpOWiTHtieCKOfO HCnpaBJieHH.H, 

BTOpas - )tJIJi orpaHi14eHMH nyqKa, i1 TpeTbR-}J.JIR HaR~KK ~OpMU nyt~Ka, 

:<eTOpl:ILt Bl:IY.O~i1T 1-13 reHepc.TOpa B o6naCTb npMHRMaeUOCTK KORbUa. 

)lJlR :)J' HX TpOX tff..C'fe!1 Hbl HCTIOnbsyeM pa3Hbl:e MeTO.ZJ.U, ll03TOMY R om~-

JTJy !1X O'i.')J.eJLhHO • 

1 
<: .. 
r 

I 



ti-

::-

r 

B 

·• 

., 

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

Tiepe,n: Hf1'1.1'8.JJQP..( npoeY.Tl1:pOI:Ifl.Hltli! CHC'l'C1~bl HH)fi;8KUH~ BCe 110)(-

po6HOCT L~ ;,;arHz ~r:ot1 CV!CTCMbl ICO JiblJ;a ()blJm n:::meCTH!la IIo:':lTOMy Mbl 

3HB.eM, .Ktl.K pJ:l.BHOBeCHMI ~pdv.Ta 38BVtCI1T or sHeprHJ-1:, a TaEJKe ¢op;~y 

ny4E~ HR Qa30BQ H ITJJOCKOCT~, KOTCpaR ~aeT CaMUe MaJJHe 6eTaTpOHHb!C 

KOJJe 6aHJ..1R. <PopMa ny4Ka, Bhfxo.nm:.;ero H3 reueparopa, c5~.na Mcnee 113 ~ 

B8CTHa, PO y HaC cJhiJIO 11pHcJJI!.13k1T8JI:bHOe npe,!J.CTaBJJeHH8 0 Hett. B ,JtaJih-

Kt,, "' B crar.._ "X UEPHa /'3 ' 41• Hewwew no.npo uHeP 3TO MOXHO nocuorper:n Dn 

'·, 

H yxe paccKa3aA, KaK MOXHO OfiHCaTL BJIH.HHHe 3JieUeHTa 3JI8KTpOHHO· 

OTITI148CKO ~ CYICTCMbl• MareMaTHti8CKU B8JUf'U1Hbl OTKJIOH8HH.fl H yrna 

Y' \laCTHlT.hi, y U J llOCJie TaKoro 3JI8MeHTa 3aBHCHT OT B8JIHQHHW OT-

KJIOH8HHR H yr JJa 4ci.CTHJ~ x x' nepe)( B xa:st.non 
ITJIOCKOCTH COrJiaCHO ypaBH8HHD 

. TaK, 'ITO E 

(:.) + (I) 

ue 38.BHCV.'l' oT :meprHI1, a. .. - oprorOltaJibHa.a 
"J 

- 1) 
) 

(2) 

04eHh MaJJOo YpaBIICHI1H, ITO,.t1,0c5Hh:e ( I), cnpaHe.n,JIHBU lr 

)(JIR ropH30HTaJibHOU H )(JJH nepTHKaJibHOA DJIOCKOCTMo MOXHO 3anucaTb 

(!) B ¢opMC 

Y - ~ X ·t- f _ ~' (3) 
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r .n;e _x, ~~ }d - BeKTOphi, 11 A- 2x2 HaTpi!Uao N TaK~X 3JieMeH-

TOB C MaTpm~ar.nt ¥1 BCKTOp8-MM1 .!! it !h npeodpa30B!JIBa!OT ~ R ~ 

no ypasHeH~IO 

~ : (~ !!N-1 •••• ~1 ) ~ +e(~Nt-~N !:!N-1-t~N ~N-1 \LN-2 •··;·(4) 

B (4) Mhl npeHec>:prr n~ llJiei-!aM~ nopR.n;Ka e :2. 11 Bhillie. 

H y~e cKasan, 4TO BeprHKaJI~Hoe nonoxeHMe paBHOBecHo~ opc>Hru 

3aBl1CUT B Hallie!.! CJiyq e_e OT .IU.my JI:bCa J T • e. OT l. • iJ03TOMY CHCTeMa 

dy.14er a xpoMaTH4eCKo~ no Bepr~Ka;m, ec;m Bee .!h - :1ym1. M3-3a 

3TOrO )J;JIR HaC HeXeJiaTeJibHH OTKJIOHeH~R B BepTHKaJibHOM HanpaBJieHH~. 

Heo6XO;J.I1MO, 4TOc5U Mbl MH%eKT~ponaJII1 ~3HyTpl1 ,'KOJibUa, XOTR reHepa-:' 

TOp HaXO){ l1T CSI BH9 1:0Jibija. I10:3TOMj' He06XO){HMH )J;Ba D8pTli1KaJrb-

HhiX OTKJIOHeHHSI. Ho K3-3a TOro, 4TO 3TH OTKJIOHeHHR paBHbl, XOTH 

H rrpOHCXO)J;HT B npOTKBOllOJIOXHhiX HanpaBJieHHSIXJaxpouaTH4eCKHR 3~8KT 

04eHh MaJI. POpMa OTKJIOHSID~HX MarHHTOB )J;OBOJibHO CJIOXHaH, ll03TOMY 

TPYAHO pacc4HThiBaTb T04HO HX ~oKycxpoBKy. Jro o.n;Ha npH4HHa roro, 

ll04eMy Mbl OT)J;eJISIJIH CHCTeMy )J;JIR orpaHH4eHHH ny4Ka OT CHCTeMH )J;JIR 

HaJia){KH ~OpMH ny4Ka. 

B ropl130HTaJibHOM HanpaBneHMH OTKJIOHeHHe paBHOBeCHO~ op6HTU 

or noJIOl'teHHR ee npH m.mynLcc p 0 ){aercH BeKTopoll ~a , r.n;e Xa- sa­

){aHHaSI BeJIH4HHa. W3-3a npaKTM48CKHX COOdpazeHH~ Mhi XOTeJI¥1 HCllOJib30B~ 

TO .'lbKO ~J!CKTpocranr'4ecrcne .F,e~meY.rophl H o6nacn1 .n;pet:tfiJa. ]JIR oc5-

.nacrH .n;pe~q,a .n;mmo n L 

A ;: 

G ~) 
u \:) (5 ) 

B KaJ!C.n;Ot1 T1 JIOCKO C1'11 . 

!r 



~H'= 

tT 

II 

lJUI ropM30HTaJl:&HOfO OTKJIOHeHKR Ha yroJI e 0 pa,ItJ.fYCOM 

KPHB~3Hbl r 

( coo f2 g 

-( {2/r) sin f2 Q 

n ropi130HTaJI:&Ho M 

Av = 

( r/ [2) 

TIJIOCKOCTH, H 

B BepTHKaJibHOn ITROCKOCTH. 

a in J2 ~) l !!H " ( r( 1 ~ oo• g~ 
cos .J2 9 ein Q 

(7) 

(6) 

Mhi 3Hae:M, \ITO ITOJIOl!teHHe rryt~Ka, KOTOpHlt BbiXO.zt-"T 1-!3 reuepa­

TOpa, He 3aBHCKT OT 3HeprHH. ll03TOMY CHCTeMa (4) .ztaeT xpoMaTH­

tleCKHtt 3~eKT (5) eCJIH 

(8) 
lo • 

TeopeTH\IeCKll He06XO,l(RMO HCnOJih30BaTb TOJibKO O~HH 3JieMeHT THna 

(6)
1 
t~roCiu y.n;oBnersopHTh (8), HO rra.pauerpu aroro 3Jie.MeHra B ua­

meM CJiytJ:ae He MoryT CihiTb HCfiOJih30B8.Hble IT03TOMY Mbi HCITOJih3yeM 

.n;Ba 0,14HHaiWBUX 3JieMeHTa C 06JlaCThD .ztpettqa MCXJ4Y HHlUt. TioJiytJ:Mlltaii­

CR axpOMftTH\18CKEUI CHCTeMa. fi0Ka3a.Ha Ha pH c. 2 . 

JJ,nR yl.WHI>llleHan CierarpoHHbiX xonee5aHHn, KaK R y1r.e cxaaan, Mb! 

XOTIDA 1 \ITOCihl norrepeliHOe ITOJIOlCeHHe H yroJI ,14BHJICeHHII 4aCT1t1~bl Jieilta­

JIIr1 BHYTPH orrpe,14eJieHHoro anmmca B cpaaonoM rrpo crpancTne. 3TO'I' 

31IJIUIJC rrpeBpaU(aeTCH lJepe3 yJKe Om1CaHHYJ) aXpOMaTH4eCKJK> CHCTeMy 



12 

n ,'l;pyroi1 3Jimmc. B 3TOM ne..parpaye MH paccMoTpi1H cnocodb!, Koroph!M:H 

MOXHO oOecneQHTb, QTOdb! BeCb nyqoK ne~an BHyTpH 3T0f0 3RRHTICa 

B KORb~e. 

B !fJa30BOM npocrpaHCTBe npRMe..:i anepTypa onpe~enReT npHHYID 

JI!tiHID:>. IT03TOMY napa napamrem>HhlX npRMbiX anepryp onpe~eJJSieT mro­

IJ.{8JthilWToparr n·oKa3aHa. Ha pH c. 3. Jll4H3a H3MeHReT 3TY fiJJOIJ.{a)th Ha 

nnom~h pHc. 4. ~aJJbHeHman napa napanneJJbHb!X npaMHX anepryp o6pa­

syer napannenorpau. EcnH ~aHbl ~Be oOnacrH ~peR~ ~JJHHoa L, H L~ , 
~Be aneprypb! H JJHH3a (cu. Ha pHc. 5), TO MO~Ho perynupoBaTb cBero­

CHJJY JJHH3bl H 3a3op ue~y aneprypaMH ~o rex nop, noxa napannenorpau 

B wa30BOM npocrpaHCTBe He 6y~eT HMeTb MaKCHMaJJbHYD nJJO~~b, neza­

myiD BHYTPH Heooxo~Huoro annanca. HanpHuep, ecnH ~30BHM 3JJJJHnc -

Kpyr, TOr~a napaJJJJeJJorpaM MaKCHMaJJbHOM llROIJ.{~H db!JJ db! KB~paTOM. 

TaKHM o6pa30M, MOXHO onpe~eJJHTb ~OpMy 3JJRHnca B O~HOM H3 

HanpaBJJeHHH, HaiipHMep, B ropH30HTaJJbHOM. MOXHO TaKXe RCnOJJ:b30BaTb 

no~odHyiD cRcreuy ~JJR ynpyroro HanpaBJJeHHH, Ho dy~er Heo6xo~HMO 
\ 

HCTIOJJb30BaTb ~pyryD CBeTOC14JJY ~HH3bl. CaMHM rrpOCTb!M MeTO~OM ITOJJY-

qeHHR 38.)taHHbiX CBeTOCHJJ JJHH3 B ~BYX rreprre~HKYJJHpHb!X HanpaBJJ8HHHX 

HBJJHeTCH HCTIOJJb30BaHHe TpHnJJeTa - Tpex KBaApyrrOJJbHb!X JJHH3 C O~HHa­

KOBb!M BHeWHHM B036yz~eHHeM. 

Cacreua, KOTOpyD B KOHUe KOHUOB UH HCllOJJb3yeu ~JJH ~OpMHpOBa­

HHH rryqKa, ITOKa3aHa Ha pHC. 6. 

CHCTeMa HaJJ~KH 

Terrepb uoxHo oOpa3oBaTb rrepBoHaqaJJbHble 3JJJJHUCbl qepes axpo­

MaTHQeCKYD CHCTeMy H 3aTeM - CHCTeuy OrpaHHQ8HHH nyqKa H 

IlC 

T/" ~ ..... 
)f.E 

JI.J 

3J 

O; 

pl 

~~ 

or 

CJ 

Mf 

IIJ 

Tl 

nc 

q~ 

~. 

ue: 

JJHJ 

Ka: 

xo. 

Ha 

~p; 
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IHHX 

IHa-

IJ 

riO.'IJ"-IVITb .!{Ba HOBhlX :?JlJUHlCa. I{pOMe TOI'O, Mb! 3HaeM npVJC5JIH3HTeJJLH0
1 

r':aKK?. 3Jimmcu BhlXO,D;P.T 113 reHcparopa. ,UBa 'llHCJia onpe.rr,P.JIHJOT 311JIHnc 

)laHHon flJIO ml:l.Al1 . Il03T0\Iy HeOC5XO,D;HMbl 48~bipe HC35.BVJClUHl:~ nepeMeHHl:iX 

JVIa roro, qroe5u no~orHaTh 3JIJIMnchl, BHXOA.illllVJe ~13 reuepa·ropa, K 

3JlJl~1flCA • .~ol, KOTO p.bte HyJCHhl npH BXO,Ite B CMCTeMy <fx>pMHpOBaHHH IIy'I.JRf'l.a 

O,JJ,Ha CHCTeMa C 'I.JeThlpbMH He3UBHCHMillfH nepeMeHHl:iMH ITOKa3aHa Ha 

p11c. 7. Heoe5xo,n;Huo , 4To6u cBerocVJJihl JIHH3 B .n;Byx uanpaBneHH.HX 

~3MeHf!JIHCb HC3aBHCMl.tO ,!tpyr OT ;tpyra. liO)lpOC5Hl:i~ pactleT )lJlH 

onpe,n.e.neHHSJ 3TH X cBeTo CH.n uerpy.auo c,ne.narL. MozHo onpe,~tcJlMTb 

CBerocH.nu JIUH3 aHaJIHT11lleciu1 I .3 I, HO y weHR Her .aocraro'IHO Bpe­

MeHl~ ,14JI.H omtcaHHH MeTO,Jta,. 3TOT MeTO,D; IIPOllle, tieM 1r1CIIOJI:D30BaHHe 

rrpe,n;craBJieHHH uarpHUH. 

ilOC~e orrpe,D;eJlCHHH BeJIH'IHHH 3THX CBeTOCKJl ClH ,ClV ,C2H ,C2y 

TeopeTK'I.JeCKVJ,HeOC5XO,D;MMO npHMeHHT:D MX Ha IlpaKTMKee ECJlH MH XeJ189M 

nepe.n;BMrarh Jlr1H3hl, ro HHor,n;a Bos:wouo Blie5parL :wecra, r.ne 

(IC) 

4TOC5bl C5hJJlO B03MOJICHO HCfiOJib30BUTL O,llHHOtiHl:ie KBa,D;pynOJibHl:ie J1HH3H 

,D;JIH Cl H C2• O,n;HaKO 3JIJIHITCH, KOTOpl:ie Bl:iXO,D;HT H3 reueparopa, H3-

MeHHDTCH, a, xpoue roro, ,n;JI.H pa3HHX ycnoBHH ua:w uyxHH pasuHe sn­

JIHncu Ha BXO,n;e CHCTeMH ~OpMHpOBaHHH nyqKa, IT03TOMY 6y,n;er Hey,n;06HO 

K~,n;hlU pa3 nepe,n;BHraTb JIHH31i. ilpH ITOCTOHHHOM ITOJIOXeHHH JIHH3, Heo6-

XO,D;HMI:i TOJibKO ,D;Be KBa,n;pyiTOJihHhle 11HH3l:i ,D;JIH KSX,D;OH CI H C2• Hecuorpg 

Ha 3TO, ITPOllle H3MeHRTb CBeTOCKJlW B ,n;ByX HanpaBAeHHSX He3aBKCKMO 

,n;pyr or ,n;pyra c nowomon rpHnAeroB. 
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BCH 3R8KTpOHHO-OTITHqecKaH CHCT8Ma TIOKa3aHa Ha pHC. 8. ilOA­

podHOCTH pacqeroB, KOTOpue npOBO~HRHCh AnH 3TOR CHCTeMU, OTIHCaHH 

B crarbe/31. 
4. CTaCi HRH3aT\i'i:Sl no cpo,n: CT BOM cn er~TQOMeTpa 

a ) BBe.n.eHI-1e 

H yYr..e cKa3a n, qro Mh! XOTI-iM ode cneqHTh pa::mm:.{y Me1.t,n:y :mep-

rv.e tt 3R8KTpOHOB, COOTB8TCTBY10ntHX MarH111THOMy TIOJID HHJ1!8KUMH, k1 

3HeprHeR 3nexrpoHoB, Bblxo,n:H~Hx H3 BaH-,ne-rpaacpa, MeHhlllYD t~e:M 

150 3B. Heodxo,nHMO pelllHrh ~Be npodneMH, qrodu ~ocraqh raxoR roq­

HOCTH. CHat~ana H806XO~HMO H3M8pHTh 3TY pa3HHUY, TIOTOM .HeOdXO.Z(HMO 

cKoppexrv.poBaTh ee. Odblt~Ho B cnexrpoMerpax ycroRqHBOCTh uarHHTHoro 

ITORH CIT8KTpOM8Tpa orpaHH"HI:BaeT TO"'HOCTb 3HeprHI-t 3R8KTpOHHOrO 

rryt~Kae Y HaC 3TO He npodneMa. MH XOTMM, "'TOCibl HarrpHE:8HHe reuepa­

TOpa CR8)1.0B O. JIO 3a OTKROH8HH8M MarHHTHOrO TIOR.li. Heo6XO~Jtfl,IO TORhKO 

HCKn~qJr1Tb ~pyrHe 3~8KTbl, KOTOpble H3M8HHDTCH BO Bp8:M8HH. Cne~yD­

~eR npo6R8MO~ HBRH8TCH B03MOXHOCTh HCTIORb30BaTb 3HaHH8 OTKROHe-

RH~ ~RH cradHRH3aUI-'tH reHeparopa. 3a K~~Htt HMITYRhC rnaBHOrO 

nytiiW HanpH'IC8HM8 rra,TI;aeT Ha ~eCHTh ThiCHq BORbT; HMTIYRhCbl DODTO..., 

pH.IOTCH nwrh~ecnr pa3 H ceKyH;iy. I1o3TOMY ueodxo,n:HMO Rcnonh30B8.T b 

6ucrpo.n: c ttc rnyJ'l ll{e e cpe,n; CTBO cre..c51-'tnH3aUHH. Caubltt Cihlcrpo.n:e~cTBY~­

mlii :Vr Mero.n. - li!CTIOJib30Ba.Hli!C _ ~pyroro rryt~I-ca. Mbl .n.enaeM TaK, qroeibl 

3aps~ruamlll n Tor< reneparopa 6Nn Ha.MHoro Cionbllle cpe.n.Hero ToKa. nepBo­

ro nyqKa 6e3 BToporo nyt~Ka. B 3TOM cnyqae HanpaxeHHe reHeparopa 

HenpepuBHo yBenHqHBaerca. IlpH HaJIHt~HH Broporo nyqxa Hanpa~eHHe 

reHepa ropa rra~aer. 

l 

J 

1: 

Ii 
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R3-3a paBHOBeCHSI uex,ny 3TH:MH ,nsyu.fl 3qxpeKTawt HanpBXeHHe 3a HCKJID­

qeHHeM HecKOJihKKX MHJIJIHceKyH.n nocne HMTIYJibca nepBoro nyqKa .nonxHo 

M8H.fiTbCSI M8Hbille 48M Ha 200 B. 

d) CMCTeMa Cfl8KTPOMeTpa H H3MepeHMM 

CXeMa Ha pri G• 9 HOF.U3blBaeT 'JJICKTpOHHO-OflTY.48 CKYIO CY1CT8MY 

encK1'1JOMeTpa. ¥h.mynhc TOKa ( IO Ma) BhlXO,l.(!1 T H3 r~aTo.rta K?. 

EOJibi.IIHHCTBO 3TOrO TOKa TepneTC.fl Ha anepTypax AI H .A2• 3TH anepTypbl 

BJviA CTe C 11I1H3C'I.U~ Cl H c2 YM8llblllaiOT pa3Mep H HH.TeHCHBHOCTb nyqKa 

1\8 1 KOTOphl~ na..rtaeT flOCJie MarmtTa M Hfi MHillCHh T. 

MHill8Hb - BHe BaKyyMa, H ny40K nepeXO)lHT qepe3 TOHKOe (O,J:aw) 

OKHO H3 aJIDMHHHSI. Kor,na ny40K na,naeT Ha YHmeHb, ero ropH30HTaJibHblR 

pa3Mep - O,I MM. Pacce.fiHHe Ha OKHe yse.nH4HBaer pa3uep nyqKa ,no 

0,3 MM. ily40K HOMHHaJibHO~ 3Hep~HH H~aeT Ha O.ItHH KpaR CUHHTHJIJISITO­

pa. ilOCKOJibKY H3MeH8HHD 3HeprHR 3JieKTpOHOB Ha 150 3B COOTB8TCTBy­

eT CMe~eHH8 0,2 MM, TO B03MOJICHO dy,neT 3aYeTHTh TaKOe OTKJIOH8HHe 

3HeprHH. 

r) Mero.rt cTadHJIH3agHH 

[·.!u liCllOJI:&3yeM" BO B'l'OPOM nyqKe HMIIYJfbCLI ITOCTOSIHH0!1 )tJIMH11 

H TOKa ( 0, 5 MKC8K lii IO Ma. ). C TaKill:I m.myBhCOM HanpRJK8lB18 reHepa­

TOpa na,naeT Ha 50 3B. 0ap.fl)tHhla TOK BhldpaH 0,5 ua, H npH OTCYTCTBHH 

TOKa BTOporo nyqKa, HanpSIXeHHe Ha reHepaTope YB8JIH4HBaeTCSI CO CKO­

pOCTb~ 5 B/MKCeK. il03TOMY 8CJIH 4aCTOTa flOBTOp8HH.fl HMllYJibCOB COCTaB­

JISI8T IuO Kru, nanpnxeHHe reHeparopa npHdJIH3HTeJibHO nocTOHHHoe. CHr­

Han CO CUHHTHJIJISITOpa HCfiOJih3yeTCSI ,I{JISI TOro, 4TOdhl H3MeH.fiTb qaCTOTY 

llOBTOpeHH.fl ~MnYJibCOB HanpHXeHHH. 
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C 3TMMM na pru&CTpaMH CMCTeMa o6pa THOH CBH3~ yOToftqHBU 

~~ v.oJ:P.T ~YHKUHoHupoaaTb, ecmt HaiipH~eHHe l13MeHI!eT c.H .Ha cro Ka. 

C~'I!{8CTllYI'IItaH CMCTeMa CTa611nH3aUMifl 6e3 cneKTpoHeTpa I~ BTOporo 

nyqxa nerxo HcnpaBnReT TaKHe H.3M8H8HMR HfinpSIXemHI, Y.OTOpHe 

HM8DT MeCTO TOJibKO npK npoOoe. C CyllteCTBYDIIteR CHCTeMoa CTa0HRH3a­

UHH rrocTORHHaSi apeMeHH IOC Mcex; c c1.1creuott cra6¥tJIM33.UI-m 

cner:TpOMeTp8. OOCTORHHaR ·Bp8M8HM 20 MKCeK, n03TOMY CBR3H Melt.ztY 

cHcreuaWI aer. 
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Pttc. 3. IlJIOIIta,Ith, onpe~eJieHHaH 
napoa arrepryp B uecre 
pacrroJioxeHHSI anepryp. 
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Pttc. 4. IlJIOIIt~h, orrpe~eJieHHan napoa 
artepryp, nocJie JIHH3H H npo­
crpaacrBa ~pea~. 

< L1 I~----7tf ~ > 

Arreprypa nHH3a Aneprypa 

Pttc. 5. CttcreMa ~Byx anepryp, ~Byx rrpocrpaHCTB 
~peitcpa H JIHB3H. 

z 
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