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·. '"ll padote' OllHCaH cnocoCS llOBHWelUUI nJIOTHOCTit npol'OHU,OrO 

nyt.Il\a, iikB°e,n;eH11oro "i113 mecrliMeTponoro cHuxpow-+KnorpoHa.o. ·- ., 

3TOT". crio'co6 'bB.())~H~ca'"x" cpopl!HpOBaHRil Ha nyTM BHBe.neHHOc::. 

ro . fry,:um l!ariUITHOfO IlOiISI .• onpe,neneHHOit KOHq>HfypaI{HH • B ~epa ... 

: ~ ~<::. • ;l • . . ,· ... 

· Pacqer · ,p6KycHpyromero ~eilcTBHa, uaruuxuoro. no.na npmrnne= 
~ . . ~ _., . - . ' 

IIpe,7.tJI0:18HHbiit ueTO,I( q>oxycHpOBKH OHJI pe8JIH30BaH aa ·,wtiCTBQ 

MeTp0B0M CMHXP0itMRJI0Tpone J!HCTHTyl'a 8,,!tepHWC npoelJieM B 
. ..:x) 

1954 ·ro,11 o 

"" _; t~ · JlBtiE:eHMe 3ap.F@_eHHH~ :,!-JaCTJlll ··.B A3HAU'TaJIL1JQ.~-,. ·•'"'•~·-... , " 

Io _rop1-rnOHl'aJ1l,Ha.fI ll110CKOC'?lto 

YpaDII0HHe ,I(BMaC8Hl1.fl aapsnieHHl,IX qacTlUt B asn:uyTaJibHO= 

CHLll,te1'J,1PIH0M ua.rHMTHO.M TIOJie .B UHJIHH)~PHlleCK0'1 CHCTeMe xoop..a 

x) AnaJiort1tJHLI~ 3(lxy~ltf gadJIID,!J;aJICSl Ha ra4II CUHXPO:UHKJIOQ 
TpOHe B IiepKJIH \IJ.o 
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IHKaT MOXKO aanHCa'l'b B cneiy1>me~ ¢opMe: 

2, 2. II 
"!- + 2,"l' - "l "!- _ e H= ("C) 

( 'Y./- + ''l' ij31e. - c p (I) 

r,11,e '.'(, 1-'- ~r O t ! .·•· p - HIIIJY /l~C 'IIIC TIii.iii t , 

H~ ("l) - Hanpaze11aoct1t uarKHTHoro ·noJUl, 

· PtW8HH8 ypaBHe~MS (I) MOZHO npeictaBHTL B .»~ie: 

LOJ >-.ot,o.,PoJ-lo+JioHi;("l)"ld"l . d , TJ __ i ____ -a~--a~·,i: · -:-~- --~·--:=::.:::.:;::=-,~~- _ ··. --· · :.... --J: "(, i -
'to "C \j Ho P<> "le (.1'o "lof o Ho+ J Ht ("C.) "l d "Cr) -( 2) 

. "GO 

· 'rjti 1 ·, .-, "i,o ~ :aaqa.niHldl iPa.JtKYC, _ . }
0 

- KpHlU13~a Tpae~_TOplUl 

1 -rottxe _·"Ca~. t< Ho.- aanpaxeHHOCtla uarHMTHo.ro non a B toqge 
~ ' - . - _.. :, _. ; : ' - .· . , ', .. 

-t·o' '>; . -~ ,, 'X- - 'T8KYUlMR- pa.itHYC,. no.uctaBJUI~ ,(2) . B (I); 

-nony11aeu --->--~==w~tt:l¥ir' - . _ - OHHY~ yr,na ~e.~~y H64_~JlbHb!M 

pa,1_KYCOM K xaoaT8JllaH0}4,;K_ 1:pae~T0P~~-. 

._ ue:·-oc-HOB&HMM ;i3wpazeHHSl (2) onpeiemtM· TpaeKTOP*I>, It'OTOPYIO 

., , <B )laJIJiHe·RweM dy)l8M Ha31i88.Tlt OCHOBHO~, HaqanbHU).(H: YC,JlOB~~MH 

),o) ~ 0 • J1BHHHM8 no OOHOBHOI Tpae&TOpHH onHUJ8M 

<J}yHJCl\MiUM :-

'f = Y7 (Ao ;t,o I "1.,) 

M 

f = ru ( Ao l "lo > ~) 

iyHKUHH -(3) -,t, ( 4) CB83aHli -Mes.ny codoR C00TH0ID8HH8M 

· -·._ .. df : -
tQtu=- "(; 

<II. - d"l 
; . ~ ' .. ~ ' 

(3) 

. (4) 
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Pa(:C110Tp.0.M CJiyqa,_tii W3~TJ.hlX: O'fJJIOH€Hl1il OT OCHOBUOH TpaeK~ 

TO PHH~ Pas;rara.H :s pSI,n; cpyH:r,,:rorn: (3) H ( 4) H orpa.11:niurna.acb nep"-' 
. . \ . ~~o 

BNMJtt ~JH~Ha.M.TA pasJioxemrn: np:Lt yc.noBHH L1 A O << 1) "lo << 1 

LJ."t,'t, (\ 1 ' . MOiIHO IIOJIYl!MTl> CJie.n;yIDII{He ypaBHeHl•Ui, CBH3Ii1Q .. 

Baromme HatzaJI:&HHe H KOHeirn:11e OTKJJOHeHHSI paccua:rp11Bae.Moii. T.Pa= 

eEt0pM!tI OT.· OCHOBHOtf ( 'f .=. Const ) 0 

(5) 

af _ arw _ a .. 
. . . . . 1 · ; :'l(,.. . . . . ·. ·. 

I B=Ao"(,o+Hofol f-i~(Y.)"ldt-1 a"-6 - a"(., - Y, {,r,e._ a2 
~o 

Ll "lo> c6 ~ o; LI ""l 
1 

. LI. fl = COOTBGTCTDy1om11e OTKJIOH8HI1:.lI OT 

napa.ueTpOB OCHOBHOU TpaeKT0pm1. Tamn! OC>paso'f!. H3:MeHem1e 

pasuepoB 11ytma B ropM30HTaJI:OH0ti UJI0CK,0CT:£-1 .M0IW0 onucaTI> 

CliCTe}.{OM JU1H0MHliIX ypaBH8Hliiih 

~ "l = a., ll,"'lo +ac. b. Ao) 

Af == 0,3 t1 'to + Ct4 il j o > 
(8) 
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,-J 

- r/ 

r.n;e Ito~rixiiirn;ir.eHTi,t CL 1 1 a..2 > ~ 3 , a Lt n!rpi\JJ.81ornrt1:;r 

t1icJ1enn11iJ · 21n:re-rp11poHaH!{8M v.f.;3 Iii·•··o•-·'\'.Pp .. p .. (' '.~I..:.. .~1,.f..i.),,-:c1.:.,.- li},s!.l. 
(17\ 
\,. j 0 

0 2o: BeDTlU~aJibHa.fI n.not:.:KOCT:bo . - . - . 

,Umrnrnmrn 3apH:ECeHHb!X ttacx:vru B B0J)'J:l1!{):UlbH011 mIOCIWCT!J 

MOXHO orrucaTJ.> ,IJ;V1qxpepem:i:t1aJib-HhIM ypaBH8!H{8M~ 

m ~aj = - ~ X ?J :~t z i (9) 

r.n;e .lJe,. c,a CKOpOC'.th ttaCTHUbI .A - fnmyc Ji",.::~; 

11e)it.Il:Y pa,n;uycoM M 1<aca:reJ11>Hoi1 _K TpaeKTop1n10 Hoene nepmrn.n:a . 
OT .n;:mpcpepem.iup0Bamu1 no Bpe1.1em1 K .uml3tpepea11upo:aa.r.rmo no Tpa= 

ek:ro pilll ( • ~ { '--if=- C..o Yl f, t ) ype.!lHBHl!6 (-g) l!Ol!C-

H O nepemrnaTh B cJie,IJ;y1omett qiopIJ:eg 

r.n;e 

C. 

d l +J.,e=O, 
d se. 

- I dH~ \ -
d., = a"(_, j\ I-lop 0 

(IO) 

Pas611BaSI ,rpaeKTOIJlUJ Ha ytJaCTirn, )l;Jl.H KOTo:pux J.. ~ eons t 
J1erKo noJiytiwh, pe'.;ieHue --ypanueHMR ( IO) B B11,n;e g 

=- Vrt,,' x···X -u; (
r.k) (Co-13ifi,S; · SinU.S,)- ·(-W;S¾SK 5ini/Z;51<)(6i 
2 ~ -W:, Sin 1/J; S, Co!, tfi. S, . -'Ji; Sin/i;_ 5, ~ $ u; Sx t;

1 
II) 



r,IJ;e 7- z. · 

1 = ( d 2 ) - HaqaJU,H!Je ycJIOBiUf aa BX0,1te: -o, o . d 5 _o , . 
t?<) l ~ -aaqaJU,Hble ycJIOBHSl ,ll;JIH (K+I) yqa_CTKa T~aeKTOpHH. 

BblpaJIC8HiU{ (II) Il03B0JUill'I onpe,JteJU!Tb reoM.etpHtie·cxHe: 

pa3M0pbl ny1.nta B BeptHKaJll>HOi' IlJIOCltOC.T~f B,llOJUr tpaexTop1nr ... 

n2 JlBHJieHMe sapa:m:eHl{blX qacTM!l. B: a.3HMYTaJijHO-· . 

cilMMetp11qHoM MarHHIIJQM' ngJie npH, HM\PJKir BQ3MYUJeHKSi: 

JimfiqiepeaUHaJI:&Hoe ypaBH8HHe', onKcliBa1n1lee, Tpaeictop111>, 

sapRl!C8HHO« qacTHnLI B ropH30.HT8.Jildt0lt nJI0CK0CTlt,; »on·o: :JanH~ 

cau,: 

r,l!e "t
1 = ~J , . Hi ("lj .f) :- aanp-HZeHH0C1'• wal!HHTKOI!o• 

noJist npH HaJIHtUUt B03MYD{8H:KJlo JlJISI; y,1t·o6C.TBa:. aHa.iIK38;: ,Jt'BHX8HH$li 

onpe,IteJil1M OCHOBHYD TpaeKTOPHI>' K8.K' tpaeKrOpHD,, B,JtO'Jlli'· KOTOp'olt: 

Bosuyma10ntee wa_rHJl!THoe· none paBHO ·ayn1r •. · 
• 

nepexo,n;a B CMCTeMy KOOp,Il;HHa.T,,.· CBSl3'8.HHYlf' c: 0'CH'OBHO1f 

TpaeKTop11e~, ypaaHe1rne (!2}· M.o:11ro nepenHca'?l>c B;· 1nr,Jte:::: 



ca 7 ._. 

r.1te n~b'.~iteipli ' : '!3o ./ ·-·~ 0: onpej);e.JI.flf!T 0CH0BHYIO xpe.eETOPHI>, 

a . ·.·. s~'>(' ~' p~i~~MaTptfBaeuyilo. PasJfa:ran }JarmtTHOe none Ha 

OCHOJU{O~ .'TpaeXTO!)lUf :B :pn)t M. orpaHrit!HBaSICl> nepBIUllI tIJieH&IH . 

pa3)1oiE.ei11in,· ·nonyiiiu.fa , . · 
0 

H. ·(~·· 5) ::::,H· :(~"j'S ) +~JH1 ri + ·( d H~) . I\ S. . (14) 1 . I . ' . . C·· ·. 0 j· .Q : ~· ., ' .. I '. ' 5 ,U •· ) ' . ·· a~ So d 5 . o 
., ; •t : ., , l, ~• • •·, ~ '. ,',: '. '. • • ' ., •-•. ;~ • • . •· ,, 

,, ,. •• , - •• - ',, ,. ,. - , .... -~ ,, _.,. ~ < • : >'t, ., .. 

r.rce.;,•• ... : ::;;. :f .,. ·: ~, ~· "l:•1 4 $ = S•- So 

~"' .. ,;;·>:·-~;::_:. .,:·.,:~~::.·:·:~'..{ :-,<;".-~ ··' ~.;; ·,..-~ ' - ' 

B .,ItaJU,HeKmeK Oy.rce.u HHTepecoBaXI,Cfl MaJIW.m. ~TKJIOH8HHSIUH 

o:r 0ClI0BH0it TpaeKTOPIIH npK YCJIOBM11p qro a3HMyTaJihHaR npoTSc;, 

xelll!ocn oel11actH B03ldYlll~IDU! 'f < 1 11 ( :~) 
5 

/ > ( ,J tt 
Bi-1,zceJl!Ul i!S. BllpaiteHHil (12) Ep1'IB113HY OCHOBHOil TpaexxopHH 

i~.,-:_:~l?~f~~~;'.e_r~!I,,~~f8-~~vI -~OpMK:~-'(p· f- u (Jlf .. -)i , MORHO . 
··.· ·•--.• __ ....... . ·.· . . "lo .. ,,,,.,. 1.dSo•. . . 

_no.11y,rn:T1> ,zcmp({lepeHqMaJI1,irne ypa1meirne · 'ABR:r.tenHa 3ap.a:JKeamix · -
·:, ~: ~. . ;·~, ~ , ... '.:. ~_£ -.,,_ '.i.'["'. ; ;-·; -· .,,. ,_.. ' . . ' . 

~uic:r~u~ B ropli30HXaJ!bHOn m1oc1-:ocTM JJ.JlJi CJiyttaSI MaJiliX 0IKJI0Be;... 

Hlttt OT OCHODHOll TpaeKTOplfflg • 
; ,.,.,. .. ' ':: .• ;•." . 

'df~, +f dP +p (J +J)==O I (I5) 
d So d5o. 

z dc:.o dc.~o (d ) I 
r,!!e: f- - 1 ~ ( ili) ~* J r/.."" c~ a"!:, So. ~ 1-(~~!,_9f J 

d&o . . .. dSo ··:,· 

~ [t Jd~o)_c]-z d<-';o + 3 (~)e lt-a° 
- o,; ldso dSo dSo dSo r - - .""~----· -~·-.. -. ,e•-"-·--•- ) 

" 0 [1-(ffit] 

... 

'J 

__ ,, . 

'< 
' ,I 



. p = m,myJI:bC tzaCT111D;Uo Ec..r.m: KOGcp<I>HttHe~t!:! y.n;OBJU)'f:SOpSIIO? 
• ' ' t :, ' 

nepaBeIICTBY r-3 ~;_Kl~~·« 1 . '. It.{·{<(_ J._'.. ' 9 TO ypaBHec:;, 

Hue (I5) MO:il:8T OU'rb 8an11caHO .B tj)OpM~g 

(16) 

.. -
,llB1'tE:emae l!aCTHrt D BepTMI~aJI:bHOn ttJlOCKOCTll OilMChIBaetca 

aHaJiornq1u111 ;r.m1i<pepeHLtMaJI!)HJll! ypaBHeHiteug · · 

(I7) 

IloJiyt1enH1iie ypaBHeUUSI ,. ( I6) ·u ( I7) . Il03DOJUIIOT paccimxal'h 

-
reou0Tpw-rec1i:ne pa3llephl nyqE~ B 3oue Bo3uymemis uarnHTHoro 

IlOJI.flo 

,. , • ~;;. ~ Jo 

Ogemca IlOBLiill8HU.f(' cpe.Ii,Heil _Il)IOTHOC'.rU npcnrnBo;iimaci. nyTeJ.{ 

conocTaBJrem-u1 ri.1i6ma.Aeti nonepe11HHX cetzemr!i BLIBe,IJ;eHuoro · ny,ma 
' . • ~ •·.; .'~. ~ :,;•: .-! i,~~ I f ,.,, .. • ,, ;_ . ~. •·• . ,., --.; · : ' .· •. • 

B OTCYTCTBlrn li nrm HaJIJ1ilUU1 f,POKYCHPYD~er'o 'uarHMTIIOrO ·no~no 

Onpe;ieJieHue ceqemdrnyqKa' M 'Bb~Oop napa11eTp'oB ·; B03l.I}'!IteHH:Jf° ; 

1.1arHMTHoro noJI.fI .n;ir.a lllecT~n.reTpoBoro·, c~HxpotlvrKJib!poHa ripo,:I3Bo~ 
. . , 

,ttMJIMCb nyxeM °TpaHe(fibp1:rau;rrn ocnmcxeit HatiaJU,HHxcycJionnil B ro..., 

pli30HTaJII>HOi1 M i3epT'.0:KailhHOil'.·TIJlOCK0CTHX, BJJ;OJib. TpaeKTOpMvI · nyq ... 

Kao OdJiaCTU Hff'-IaJE:,HbiX -YCJIOBMH 'iia: BX0,1J;e ,B; :39HY B03MYI'.l0HHH 

noJiyqeuu: M3 ycJfomrn:, 1.rammura;JI1Ho'1i reo1v1e~p:v:P-1,ecxoil nponycKHolt 

cnococ:5Hocxu 11arm1rHoro KaHa.na 0 
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Ha pnc.,. l 11_ 2: TIOKB.3l!,IIO 1131,iehtHirn odnacTOfL Hcl.lIB.,JlbHhIX ' 

yCJIOBHl1 B,TI;OJ!:O ;L'PaeKTOp:mr BUBe;r,eHH·oro nyv.Ka ... , 

Ilpo:aeienuue pactr.eTH n0Ka3c.;nr,.,_ t.ITO onTm.ryu ~)01eym1.pym~e_=· 

ro )(0llCTBIHI Ha IlY,tIOlC Il]Ol'.OHOD· C GHC_Drlrn~ 680 I.urn,;' BSIB6,l1.8fF-"' 
,• 0 . 

HNit ,_113. Kauepu. lil0CTI1l1e.T-pOBoro, CUHX:[:O~H1:.l10TIJOHa,, Il0Jtytme1c.H 

. npu nsMeuemnr: uanpREeHHOCTU. uarmrrHoro no1rn 750=1000, :,pc= 

Te,n;/cu B 30He B03llJ~memm np0TilIWHH0C'I:hKJ li,5 Cllo-, 

R pesyJI1>xai.e; conoc.TaBJI.emnr l)ac,.wrnax: ce1rnm1:11 nytiI{a 

OhIJIO Hau.n;eH0,c 'tLT0;, llJrO;TKOCT.E; DJ1Be;n.e1nroro nyt1m1 IU!, pacCTOR= 

·HUH. 12: }JCT!)OB, OT: B:&xoi~mro~ KOilI(R f)O:Kycupymmero Y~Tl}Oik:r.ua 

110:1<:ex.· dLII.I:i. yne}nrneHa. n: TJ2tr pasa ... 

IY-o- I.·TarmrTHoe· no.11e n~ !3"0HH ll)OK,;£CI!]lDII1ero YCtJ.!Oitc~rnao 
I 

1?01t;y:cv1py10I!le.e;· noJLe.'. cos,n.aBaJrnc:o. B~ Henaoo_qeii oonacTH 
, 

J.IarlllITHOr 0: IIOJIJL :¾.CKO.P.IIXeJIJE C: IlOMOlllEI)~· :in:e;re3HJ.iIX MB.CC onpe.n;e-

nemroii: K0H@trY,pan;mr~. Ha .P.Mc·.,,: 3 noKasaHoi ce'.lrnmrn xe.Tiesamr 

lJ~cc lQOiticupiroutel!m y.cxpoilcT.Ba:.,, m1ac:cnmi; _•'l"' It ~2": odecne-

. tJIIDat0T' nnm.ien1io IlOCTO'SIHHl:Iki~ J1]2UJJ;M:0HT' DOJUI' B, pac,o,rnu 3OHe 

l.IJ01eycupy:10uter0"· yCT.I!OilCT.Da; .. 

JlJUI; TOPO't+ ttT.001£ ll0Jl,:½IIR~Ii. H.0O()XO'Aru.mit ,!CRana30H rr11011s

BO;IJ;HOit HanpnEeHHOCTK:'. Lm.mra:TJI.01!0/ OO'JISll Jr; o6JiaCTIL DO31lYutemu1 

011,;rra· npe,11;yCI:roT:geHa: nosnol!H"O'C.'!!i,· nsne1remrH~ Qacc:r.onmur Meiit.n;y 
. - ; 

IlJ1aCTIUia1,m: CQOKYCHpY,IOU{erm l):C.1ip011'C'nna: 6e:3; nap:y:memur BaKyy1.1a 

B Itru.rnn~: yeKO]n:ceirsr,,,, 

.. 

~:i . 

.. 



o LO. 

· . Ha pHCo 3 npHBe).l;ellU TaI,.;:t:i:e- pacf.!eTmlle H 3KCf!,8PlI1JeHTaJU.,Hl:Ie 

3Haqemu1 IIanpmieUHOCTH . MarHHTHOro llO.TI.fl . B. 30He B0!3:U:')'llleHmI 

npu pas,m:,mwc noJioxeHt1SI_X m1acT1m cpoEycupylOl!(ero ycTpoi!cTDao 
. . ~ 

. . 
. . 

PactteT uanpstJi8HHOCTM .. uarmtT.Horo noJUI OCllOBbtBaJica Ha 
.. 

npe.n;noJIO~CHlUt oO>OC8BOll uru.rarHUtUIDaHIUI ~eJie3Hl:lX tm~c ).tO na ... 

cumemrn(J) o U3u~p-eH1u1 Hanpm:;eHHoc~u uo.rnwrHoro. noJin DHyTpn 
' ,. :-;·-

lV0Kycupy1omero ycTp·~ib'xna npof1sno.n;unric1> C nouontb!l cpmoKcuerpao 

r!cnpaB,JleHHe D03MYDt:~:~HR MarmtTHoro no,rn B 30He nocne.n; ... 

HHX opC>ltT t . BU313aHH08 DJiaCTUHW.llI 4101tycupyrontero ycxpoi1CTDa, 

OCYntCCTDJISIJIOC!» npH DOUOII{H .~Mll (mID.CTlUILI J puc. 3). lI::31.tepe= 

HMSI Hanpsi~eHHO~.TH 1.1arHHTH0ro noJuf B 3TOit oc5JiaCTH C TOlllIOC?!,lJ 

.n;o O,D' npOH3BO.n;HJIHCh npnC>opou,· HCllOJI~3yromuM stDJieHue SI~epno

ro pe3oHaHca<4)• · 

Oc,maa cxe11a BLIBO,l!;a nyqy.a, ye1-copC!UIIlIX np~T0H0B IrI3 ItllMC= 

pa mecTuueTpoBoro CI·mxporcuKJI0Tpona no1ca3a1_m Ha p;rco 4o_ 

Yo 3 a li n ro q e ij He, 

IIpoBe~eHHLie 3KcnepH:U8IITU Ha meCTUMCTl)ODOll C!iHXpOr(I-mJIO= 

. TPOHC llOK0.3aJm, l!TO om-rcaHHOe <POl•:ycHpymitee ·ycxporicTDO no-

. 3BOJUieT yne;rntnrnaT:& llJIOTIIOCTI, n:pOTOIIHoro nyt1:Ka D 2, 8+ 3 pa= 
·• 0 

sa. linuepeH11st nJio:ruoc:ru npotoHJioro nytrn:a npommo.n;umrc:& 

Ha paccxosuum 12 uexpoB oT nuxo,u;uoro :r~ourta. cp0Kycupy1m1tero 

ycTpottcTDa no pea.1trc:0:n ·. C 
1
~ ( P.r p, n) C :., o 
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B 36.I\:m:JtreHrre 8.BTOpll BliipB..j!{aIDT OJiaro;r,apHOCTI, · rmeHy= 

}C,OppecrroH.~6iiT;/ AH CCGP· Uof~Ueme:Pm<.:.OBY 3a ·noCTOHHHUM I1HTe=; 

pee n 1101.wurb np11 6cyqecrB.11emn1 2Toi1 paoorhl,. a· 1:e,1n:~e :t1HJR:e= 

Hepa.11 To HoJrJ~I!.'fHHOH 11 p O Aol.IemepoBy 3a npclBe,IJ;<~HHLie -rrnuepe= 

•'HMS! 1.tarmi:tnOro noJla 1( T.IMCJieHIILie paC'tleTLio. · 

··: ,,. ,. 

/' -: ~ 

• 

JI 1r-<r e p a T. y p a ~ 

I WoMo Powell; L,.R.,He~rlch, ·.o.;A .. Kerrts,;DoCoSewell, 
0 . 

.. · a~d H.,L .. Thorton "Electromagnetic ,Deflection for . " ·,, . ... . ··,, . . . . . . . . . . 

q ·;'; ' 
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