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. . B, ;zr.1,rncepT8UHH, IIOCJie KpaTKoro ocisopa paBBHTH!l ycKOp!l!OlllIDC. 
' Tpy60K .]J.JI!l 8Jl8KTpOCTaTH'l8CKHX yCKOp1mrneit, H3JIOJK8H M8TO;zr, pac- . 
qeTa ycKopRIOlllHX Tpy6oK c' mi.KJIOHHID4H nonaMH. H paccuoTpelW paan11q-

. mre Bap11aRTL1. KOHCTpyKUHtLTpy6c>K. ·. . . · , i • · ' • 

Ilp~;~~~~. pa~qei ~ydK~ 'c: 'paBHb!M~' aii~~e ~TliMH iiiur i' ycxopi~ ix~ ·. 
sr-I t B. KOTOpO~ IlOKaSaH MeTo;zr Bb160pa ycnoirni1 BXO]J.!i ,HO HOB B Tpy6-. 
Ky, a Ta.KJKe OOOCHOBaH K?ppeKTOp, He06XO;,:(HMhitl ;zr.n~ Tpy60K c paB- ' 
HNMH 8JI8M8HT8MH. 
PaC:CMOTpeHbl ycJIOBHR coriacO:B!\HHH napaueTpOB HOHHOro il!CTOqmrna 
· 11 yc&opaIO!llefi Tpy6KH. · · · · · 

Paspa60T8lll,I OT]J.8JlDHb18 :BOIJPOCbl HSrOTOBJI8HHR HaKJIOHmlX 8JI8KTpOiOB 
11 Tpy6KH B ueirou; . .· ' · · · ·· .· • · · · 

PeayJibT8Tbl SKCilepm.ieHTaJIDHblX HCCJI8;,:(0BaHHit H npouecc SKcnnyaTaUHH 
. Tpy6KH IlO]ITBep)ll,Urn npaBH.JI:bHOCTD. M8TO]-ia 'pactteTa H 'llOKaBaJIH BHa-: ' . ! 

qHT8JlDHble. npeHMy~eCTBa Tpy6KH c HaKJIOHHblMH nOJI!lMH nepe~ Tpy6-
KaMH.06blqlll,IX,I:OHCTpyRUHit.'. · · .. · . .. · · .. · •· 1 • 

Ha yc1rnp'11Tene sr-I c SToit Tpy6i(ott nqnyqe HO· HanpruKeHHe 5 MB npli 
· HOHHOM TOKe B ·Tpy6Ke 85 MKa 6ea 3aM6THOit 8Jl8KTpOHHOit Harpya1rn. 

TiociJie pa60T!,! Tpy6KR ;z(Jl!l a;zr.epao➔HSHt!eCKHX 118M6peHl1it B T8t!8HH8 
, .3.400 qac He H86Jiro;zr,aJIOCl, KaKHX-m160 RS~eHeHHit ei' napaueTpOB. 

\ 
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B .B E ]{ E H 11 E I , . I 
• I , ,i - ,' • ·, . •. ; ·.:··_ ' . .,. ',,. - ' 

, .. ~~ Ha c.naCSwc uecT :s !3J18KTpocTaTHqecKmc. ycKopHTeJ!llX :ua · \ 
. nanpllllteHHe CBW.118 3 :Mll HBlI:!DTCfl ycxop:IDl!IBa Tpy6KH, orpa'aHmam- r . 

ntHe IlOlIY'iBHHe. OTHOCHTEIHI>HO BhlCOKHX rpa;ll:OOHTOB nOTeHI.\Mlia, no Tpy~ . 

Ke· OcHo:s~ott ;zteg,-eKT. ycKop~lll~ ~yooK aaKn~tree,TcB:B ~~' ·. qTO ci-1 
pem1qeHWJJ,l ;lllIHBlit TpyOOK, ;llOnyCTW rpa;llHeHTli B8.npfillt8Hldfi 13ll8.qH-1'. 
Tei.lI>HO, Cmma.DTCit, TO ec~:r, npOHBXMTCa: TSR :uaaimaewi 8cI$lKT non'.!' 
itoro BB.npRZeHHH ](llfl inHHHHX Tpy6oK~ Henponop1UtOB8.lII>HOCTJ:, .no.11Horo 

•/' • •: •,, C • •' • , ' ' 0 ' ; -• ',, : V 

BanpHZeHliUI ;ll.'IHHe Tpy6KH mreeT MeCTO aa-aa B08HHKHOBeHHH npli on-\ 
· pe;lle11eitH01,1. HanpHXeHHH aJienpoaHoit HarpyaKH, · 1<oropaa 9onpo:eoi?taeT~ . 
'ca KOntHW4 peHTl'eHOBCKID.l H8JIYll8HH6M; ocna6llfillntm& raaci:ayio;li80lIJmIDO 
B BhlCOKOBOJII>THD'1 'q!lCTH ycKOpHTelIH. · · - . •· . . . : . . .. . 

;llpyrHi! He:zlOCTaTKoi.i ;n:nHHHUX Tpy6oR HBJIHe!rcfI'• OOJI:&Illa.11 'nompa :spel.18..: 
HH - ;ltO H6CKOJI~mc c';tTOK - Ba TpeHi!pOBKy Tpy60K IIpli, Heodxo;zuwoc-: 
TR noJiyqaTI, HO!iUUtaJIJ,Hl,16 iianpmreHHit ycKOpHTeJilt. . . . ' . ' · ! 

, EhlJio BhlCKasaHo necito111,Ko npeitnoJIOiteHHit o np1,mmax H Mexamm1.e . 
06pa80BSHlffl IlOTOKa aapiJllteHHHX '-18.CTRU, nOHl3JiitlO~IDCCf! ,:S Tpy6KaX H 
npHBO]UllllHX K npo6ox,. Ho RH O;llBll H8 npe~nOJIOX8HH1i He' ;llS8T l!ei'-
xoro q>H8Ht!eCKoro npe;!iCTaBJI8Hl,rn· 0 npc~occax D Tpy,6ire • . 
Ilo Mepe BhlHCHeHHR paaJI!41llWX tJJa.Kro·poD, DJIHm>lll,mt Ha rrpo-quocn Tpy-

• _' ' • ' •, • ' ,,, ', ' • I "·) 

6Kll, paapae5aThlBam,w:r, HOBUEl KOBCTpyK~Hn TpyOOK. 
CynteCTD8HJIHU marou no IJYUI. ynpOllHeBli!i TpyOOK 6WIO ;!i148.q,par14npo
BaHHe, KOTopoe HBWIOCI, CJIBACTBHeM BhlHCHeHlUl <paKTa, 

0
l!TO yY6Jll,lll8~ .. 

HRtl npoxo:z1aoro cet1eHua aneKTpO:ziOD~Tpy6KM BHSllHTen:r,Ho CHlmaeT •.. · 
.anenp0Hey10 .mirpysKy [r~2]. · · ·. · .. · ,' . · · ,• \~- ·, · · 
B 6011:r,meit CTeneHR IIp0ff.BJiil1.!0CI, ynpoqHeHHe ycKOpHDlliIDC TpyOOK B 
cnyqae n8rOTOBJieHH1t•Bcex .,meKTp<>:z1oii Tpy6KH ·uanoro :zlJ,mileTpa ·.. · 
:(IO + 50 w) [3} ·H c 06ecnellaru1eu aeo6xo;znnl0ll ~KpaHMpOBKH iiaoJia
. TOpOB •OT aapimeHHI,IX "48.tTHU [4]. .. ;. . · .. ' .. ,· . ·. •. .· ' 
llpm.1euHJIHCI, TB.Klte TaKne qiopw 81.teKTpo;zr,on B. Tpy6Ke,'KOTOp~e,:c 
~en:r,ro. CH.mteni1ii 'BTOpHq,Hott aJieKTpOHHOll auHcc1rn, HanpaBnanH BTOpllll-:
HHe aneKTpoHli K ocH :Tpy61rn, u11ny11 Bhlll!epacno~ol!teHtwe BJieKTpO;zr.hl 
[ ] . . . . . . . , . ' 

5 • . . , '' 
' . ' i 

I ,. 

l 

l' 

_;,4 -

l{n11 ··no:z1aB1.t8HH1t BTOplllllihlX aapmteHHUX ti:acTmt BO :exo;zr,Hoit Il Bwco;zr,- · 
' HO it troCTHX Tpy6K11 npm.!8Hfl1.!11CI, . 8a;zr,epxurnaJOlllll8 . aiieKTpH-qe CKile n01If[ 

[ 6], BMOH.Tli. pOB8HHhl8 . B. ~:t._6Ky'. noaTOHHff.hl8 MarHHThl. / co'3;zr,aIO!lll1e . none._ 
pet1Hoe uarBHTHoe noJie L 7J. llpm.ieHan11c1, TaKJKe uephl :ztJIR aa;zr,epitau11a · 
HellTpa1.tI>!WX 'q!lCTmt, H:zlYlliHX B Tpy6Ky 118 llOHHOl'O lr!.CTOllBmta Ts] ... 

. 0:ziHaKO, 1,1cKn!Ot1RT1>. nonHocT1>10 Sg)q)eKT noJiaoro HanproKemm n · ].(11HHJWX 
. Tpy6KaX He yiaBaJIOCI:,. . . . . . . . . • ' .. , . . .. 

. O:z1iioit' 118 B08!!0l!tHOCTell, aaH60Jiee nonHo HCRn10qa10ll{ett .a~KT nonHo.:. ·. 
ro HS.npHllteHt1il :zl1IHHHHX:Tpy6oK, HB!fJioc:r, np!IIMeHeHHe J:taKjioHHWC .aneK~ 
TpOCTaTHllt}CKHX ,nonelt. ~ea npH!.!8H6Hllfl HaKJ!OHHb!X noJieil B yCKOpHIO-:

_' ~mc' TpyC5KaX 6wra npe;ll1I01.t6H8. 11 OCYlll6CTBn8Ha,~BaH ;zr,e rpaagpu, Poy- . 
. 'aoM 1,1 BRTKOBepou "(9]; , · . ' · . . . _.·· . . · .·· . · , 

I',> '. • l ' ' ~ : •., ... ~. '• . ', .\; 

HaKJIOBHble aneKTpOCT8Tl1ll8CKRe nOJIH npen1tTCTBYIOT npOXOlK;!i6HHD 
. no I BCeit ;zr,mrne. Tpy6KH BTOpllllHw.! 88pmtellHblli4 tiaCTHL(a.M H TeM cauw.' 
• .·cHJ,ll!tBJOT

1 
we ua1tciw111>Hy10 BHeprruo •. JJ.n11 ycKopei:11111 8apfll!teHHWC treCTHn 

He06XO;llHMO ~TI, Tpy6K14 C nepll!O}J;llll8CKl'IM H8M~HeH11eL! ltaKJIOHHWC 
.' aneKTpocTa'l'll!lleCKHX nonett, Td ecTl> coc'l'aBJiit!Oll\aa neKTopa;HanpfillteH
. UOCT11. noirn, HOpt.iaJII,H8.ft K OCH Tpy6KH, npH nepexo:z1e' OT'.yqac'l'Ka K 
: y'tiaCTKY }J;OJilltHa '. MeHaTi Hanpa:eneHHe Ha o6paTHOe. ••• . . . . 
•. MaKCRMaJII>H8.it aiteprHlt W IT1Cll(,. npH06pe.Taew11 BTOpHqHoil tracTv.nen B 'lOllKe ., 

A PHi::. ,I, or.pe;!ieJiaeTca mHpHHott nten:i. cl', •yI'JIOM HaKJioHa •aneK'l'po-
. ;zr,a, 9 ' p~CCT0fllllt16M ·MeJK]ly ,HHMH p. n Hanpfll!t8HHOCTJ,JO sneiTPHlle- . 

CKOl'O non11 (~) • 

, .. Wmo~ = (p-'+· 4--)eE / 
··. . StnS , .. (.I) 

.. \\\'\\\\\\\\\\\\\\\\. 
I\\\\\\\\\\\\\\\\ 

PHb/r •. cxei.IB • Tpy61t" c \ 
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Ilp;i i1cpoJI1>aoBamrn. B .nepeaapromou ycKopv.reJie ](Byx ycKOpli!OIIUDC Tpy-
6oK ](;mrolt no 3 ~7 Mic '.HaKJIOHmru11. rioJiru.rn, oi<aaaJioc:r, B03MOlKHb!U no
JIYt!ttTl> rpa](tteHThl no .Tpy6Ke ~o 2'MB/M. B 3TIDC Tpy6KaX .HCKJIJOtraeTcm 
3ijXQeKT . TIOJIHOrO Harrpmi:eHl1ll, aiiaq11TeJII>HO CHillKaeTCll pem:reHOBCKOe. 
t!3Jiyqe~lie itaK.no 11HTeHGllllHOCTH, TaK 11 no' 3Heprt111. Kpoue Toro,. , 
Tpy6itif c HB.KJIOHH111.1n noJIHUl1 He xpe6yJOT. rrpo](omri11rem,mii!_. TpeHiq>OBKll 

. nepe]( rrepeXO](OLI H8. p8lill114 padoTll C 60Jiee BllCO'KHM rpaJiHeHTOL! IlOTeH- .. ,,. ' 
. ~l"JlJia. IlOCKOJII,Ky B CTaTl>e [9] naJIOl!C8HII TOJII,KO. rrplIH~Hill:l pa60T!:l. n' 

HeKOTopi,re xapaKTejrncinKa '1wHKpeTHOlt pa6oT&I01i!elt ipy6KH c ·aaKJIOH"." :. 
· Hh!MH noJirtMH, B HllCTOllll(elt pacxne 6blJIH riocTaBJielW CJie]ty1vnu,1e aaia.:_. 

•• 'l!l!o . .· . . . . ,._. . . . . . . , .. 

.I. Paapa60TKa_Me T0.1(8. pac-qeTa ycKOplllO!l(eH Tpy6KH. C H8.KJiOHHli-
, • • , : j •• 

1111 nOJill!.!H • · . 

·2. CorJiacoBaH11e nap&MeTpon HOHHoro HCTOtIHHKa ~ Tpy6Kn. 

3 • PaapaOOTKa TeXHOJIOI'l!H naroTOBJieHHff ·HB.RJIOHHb!X 3JieKTp0](0B 
v. Tpyd1m _ll. ~e_JIOM. · · 

4. 1.-lccJie]tOBam1e CBOt\CTB ycKOpH!Oll\elit Tpy6Kl-l c. H8.KJIOHHW.!l-l no- , 
'JlllJAH. 

-· 
/ . ·. 

_I. PAC~ET YCKOPHIOmEtf TPYEKH, c HAKilOHHHMti\ noJim,rn < / .: )• 

a/ Bb16op 3JieM8HTa. Tpy6KH C HaKJIOH!filM ,noJieM , 

1 

- B OTJI~til-le OT ycKOpll~ll(IDC Tpy6oK. ~ np!lll!1Mtl 'aJieKTpoc'iraTll.'l!eC~ 
' ' . j • . ·, ,._ ' - ,· ',, 

Itmrn no!rrurn Tpy61m C HairnOHHblMH noJimrn COCT011T .. 113 OT]teJil>HllX, aJie"." 
'/.leHTO.B. 3Jiel.leHT0M Tpy6Kll HB.31:lBaeTC!l y-qaCTOK Tpy6K11; iro ]{JlHHe KO- ' 

Toporo Hop1.1eJil>Haa cocTaBJillIOJ!lall aJieKTpocTaT;.i11e ckoro rronll, coa]ta-
.. ~aeMoro 11e~;zi;y aJieKTpo]tau11 Tpy'oirn ~ ccTaeTCll nocTOHHHol,l' no Ben1111n-

- 1 ' ' • / \ • • ~ ' 

He 11 8HaKy • 

Ilptt' Bb16ope aJieMe H1·a Tpy.6KILHeoc5xo]tHM9 ;n;o611BaT:ocH Toro, 1!T06i:i 
, npon~cc 06paaoBaH11ll BTopnt{HlilX aap!llKeHHb!X· ttacTmi He uor npotwxo

,i(11T1> He.npepwrno no BCelit ;zi;HHe' Tpy6Kll, a saKaH'l!IU!ciJICil! Ohl B npeAe
JiaX Kall(](Ol'O aJIJMeHT8.,, CocTaBJIHlOUlero Tpy6i.y •. TeM caMWJ onpo;lleJIMT
Cfl h:8.KCI!MaJil>Hl-1H npOJieT -BTOpn-inwx qacT~ :B 3Jie-KTp11~eCKO!.!. rroJie 11 

· v.x MB.Kc11i.:a111,HB.fi aHeprmt. . . · · . · ·.•. -- . 
J ' . . , ~ - ' • ' . ' ' • \ ' ,. • • : • ' ' ·, 

Ta1nw oopaaou, KaJKAbllit aJieMeHT_ 'AOJiliteR ltBl1T:&ca c2oero po]ta 
' 1~JIOBYJllKOV.11 ]tJifi _BTOpll.trlib!X aapfll!teHH~X -qacTm{. . ,. . . . 

;,.. 

I_ 

-6 
. ,, ' 

8HB.'l!eHl1ll mi.paMeTpOB aJieMBHTa (yrJia HB.KJIOHB. nJIOCKOCTM aJie.KTpO]ta· 
OTHOCHTeJil>HO. HOpL!aJili' OCH Tpy6im - e, mapmw·ll\eJIH. B 8JI6KTpO~e 
~ d , paccTOllHHll uel!Ql;y aneKTpo;zi;aMH .:. • p ~ uif~HM8.JI1>Horo KOJIH"". 
tJ.eCTBa H8.KJIOHHb!X 8JieKTpO]tOB _B 8JieMirnTe) ,06ecnet1HBaJOll(IDC 8JI8KTpH-

' -qecKyJO rrpo1rnocT1> Tpy6KH )lO npHHllTOlt Ha sr-I L!aKCID,18.JI:&HOl,l Hanpll,;_ . 
lite HHOCTH nOJill . EM = I ,8 MB, onpe]teJIHJIHCl:>. 113 COOTHOmeirnll (!) • 
l{JI!l Tpy6KH 8JieKTpOCT3TH'l!eCKOrO. ycKO_pltTeJlll sr-I 6WI B&6pail 3JI8- . 

. ueHT cocTO!lll(Htl: na 9 HaitJIOHHux' aneKTpo]ioi! ( c yrnou _HaKJIOHa. 
8 ; 13°10, ' co 11\eJil>IO mapnHOit 40 _?ill lI pacCTO!lHrn3l,qt!el!Ql;y 8JieK

Tpo;zi;a1.rn P · = 2 ;s .I0-2u) 11 o)tHoro npHuoro aJieKTpoJt~ ,- ycTaHa:sJin
:saeuoro. Ha ,nepexo]taX;-MeJK;zi;y aJieMeHTaLm c reu11 __ lite .paa1,1epau11 11\eJIH • 

6/ Pac'-qe; TpaeKTOp1111 l-'IOHa B Tpy6KaX C 'HaKJIOHHblMl-1_ nOJillMH' 
• I ' • • . ' ' \' 

" ~ . ' 
, ~ , I -, , • \ • ,,, • .• , ' ,.,_ 

YpaBHeHHe: TpaeKTOpnH aapIDJteHHOiit -qac~m.u,1 _B ,HaKJIOH!J,OM noJie 
aanplllKeHHOCT1>10 E , 06.Jia](a10Uleit HB.'l!aJII,HOlit cKopocT1>10 V'o. n. :sxo
'AHllleit :s noJie no OCH,. cci:sna]ta!Oll\etl: c' OCl,IO Tpy6KH, liMeeT BH]t: . . ,• . . '. ' 

.'-

Y.=. V1fo2.+ 2?fx(1+iq2.,t~rx-lfofi ri~(v;,.z 2?E (i•~~-) 
1

.1~+ 
.. ·.· ·. nE··(1+ta.d,,·) ··, .. · 2 i.go. o+ ". . o X Vo 

··., .. '·· (· _,c :9 0 ,. ,'. '... . .• ] .. ' . . 

. •. · ··. _ ' _·.. _.,. , , +1,\tgd..o -· (2}' 
r]te, E) iii d..

0
yrnu, ·o6paayeMbl6 E . n · '\Jc;c oq1,10 a6c~ncc, +. · 

-:;? . ..:. _oTHom~Hne sap Ma K 1,1acce aapllllte a~ol,l -qacTi-tp.11. · -: 
· 118 ypaBHeHHft (2) cn:e;zi;yeT, 'l!TO ]{Jlll coxpaHEiHllll. nOCTO!lHCTBa TpaeK
. TOplill npll:,~314eHeH11R E ,.He06X:O](HL!O nponOpl\110H8.Jll>HO-HanproKeHHOC-

Tl1 nOJill 11aMeHH~l> Ha'l!aii1>Hy10 cKopocT1>; HO HOB, BXOJtlllllHX :s' Tpy61ty • 
06oatta'l!HB KOaj){Jlt11\He HT nponop~noHaJil>HOCTH MeR;B;y paaHOCTl>JO noTeH:.. 
~11aJIOB Ua' _orrpe]teJIHJO~en l>'o. 11 E,c-. I< ' noJiy11im ypa~iiem1e . 
TpaeKTOpHH~aapruKe.HHOl,l 'l!aCTH~ B HaKJIOHHOM. noJie B CJie;ziyiollleM BH-. 

- . , . - - ,, . - ~. 

,Jte: . 

l:f = 12. t,•~. NK• (i+lfJ..) ,ic V K)[½Mi'JK+(i•!,~)•~lfRl .~ 
• .. I . . .• +\JKt9~0 l (5) 
cne;n;yeT, ttTo TpaeKTOpl-lH -qacTH~ cicTaeTCH nocTOllH-·. 

npn H3MeHe,HHl1 E • · · · · · · · 
. .. . ' . 
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Tpy6KH c HaKJIOHHw.lH noruir.m uoryT HMeTl> pa3mm'me :eapHB.HTu j: 
. HcnoJimHH_fl [ro]. - . _- _ . _- -__ - -_ . · · 
. 'B CJiyqae, Kor;na BCe SJI6Ll8HTl,l Tpy6Kn HMeJOT O;zti'.&KOByJO ]tJIHHY, Ax 
. (AX,: ... ,\ Xtt : .1X) ' _Bpe1m npOJieTa t I'\ _ H IlOJIOllC8HHe, 3apH-:-_ 

:ateHnott llB.CTHIU,I !:Jn , :exo;nimiett B_.Tpy6Ky" 6es cuem.~mrn, nocJie ·m:i-:-
6oro 3JI8Li8HTa onpe:zt8JIHTCfl CJI8:ztYIDlllHMK llblpaJiteHHflMH: 

,t~Yfe. Nt{tf.J., ;_nAX'-'Ji;;..+(ri-t)#) c4i . 

~n = 2f98{½ l-,f1t1(V 1."q,4 •i4x'-.Y••~•,4 •(i-tJ40\ 
t:11. · · - , _ · . _ , · J,at•l JrJ. . . '. ,j-, 

+ £ [(V1!;,'.L> iAX -y ,.:-i,•J., ': a-.~) IJ x)tf t)(i/-.;..;.+j•x. 
. . . . . , . ·. - - . > ,:n. . ·. . -. . .· ~v...!5_ +I i-i}A~\11 ~2LeL 1~ ''"'-(V;JL_; +i4X

1

-

' .l..+fl'J..• _'-d · ... · --{Jf · ,· "9_ 0
· Y ~..lo f..l _. !~-fti2J.0 • ' (5) 

-vi;2;.._+ (i-~)il ~) 

)lmi o6ecneli8Hl-lfl ~e~6XO]lHMOI'O CM6lll8Hl-lfl Ha iBWCO:zte H3" Tpy61m B 
3aBRCID.IOCTH OT ee KOHCTpyKl{H:it CJie:ztyeT :e1,16pai;r1, COOTll6TCTBYIDlltH8 . ' 
3HatreHHfl I( , J..o H · Yo ( _ Y:l -,CMelll8HHe HOHa Ha -BXO:zte Tpy6-· 
KR)• . •·- . . . ;'. , . , _•· " . · . . . , · --- •· , ,_ ' _ . -• ' -

IlpH pacqeTe, Tpy6KH H3 8JI81.IBHTOB C pallH!ilt BpeMeHeM np0JI6Ta 
(-Cn = t, ~ ... i:: t 11 .: -t -=. c.011st . ) :epeu11 npoJieTa aJieMaHTa A><rion-
pe]leJIHTCH , , ,_ - - er 

t"Y? &'(1/ ~a.,~ ... +AX~ • V 1~.,.~. +A,: (~-•i) ( 6; 
__ -, B1,16pa:e :eeJintiniiy • nep~oro aJieire'nTa .4 Xs. , mx.o;n1-1U: B~aJB:eH~e• ]lJIH 

:euc5opa ;nnnHl:l JI106oro sJieMeHTa · A X" • IloJioxeHne llB.CTHl{bl rrocJie ' 
Jll06oI'O SJie Ll8 HTa ' ' rq: H y O = 0' <paB HO ' . ,, ' . . 

__ .,........,... _..;....., , --r ._. ____ ,.,., 

Yn = ~~~cLo (Vi~ ~(i+!,2.J..)
1

-l)[n~e(i/1+ ~(i::~2J.)'-~~t 
. ,, -. - -.- - _ ' . · . · · • -- + 2 ig ol.] . '. ' : . . 

Ilpe;ncTaBmte ~ 11,HTepec CJiy~tt, ~OI'~a npB clo- = 0 ,,· Y.'= Q Bp6Mfl 
. .· . . ,, - ' . : ':-' : ,'" ( . 

" \ 
i,-

,1 

• 
-8 . \' 

.riponeTa nepBOI'O d ~·- ,11, nocJie]t~I'~ :A ~N" SJIC;a5~TOB pa.Iino 1: 1 . 

. a ]lJIHHli OCT8.JI!,Hl,IX 8JI6M6HTOB BU6HpaMCfl ,'iait~ tIT06U Bpe·ul1 BX npo-- _ -
JieTa 6liJIO paBHOc 2 t. . . ', ., · . > ' : - • ,- - , " · __ . _ -
]lJI111W SJI8MeHTOB OT BTOpOI'O 'AO npe;nrro'CJI6'Al'.6I'O, I';l46. , 

-.. t2=;·~-=-c~-, =··· ·= 2-l: -. - onpe'A~JIHB)TC~_ Blil)ail:eH11eL1:' ·' 

~ ' ' ' 

'~ x0/n=N~L=-4Aii, 1,Jm+;-Vni')~(n-1){,J~~1·-(ril}+ ~]-·· 
· ' n n -- \ · - , ~ - _ .· (8) ' ', . '=~ ,.,· ' ·.·,·: . ·.~- ;• ·.'·~ ·' . ,~ ,, '~ 

:,I''Ae AX', - ;ltJIHHa nepBOI'O BJieMeHTa,' ' ' 

m .:. K08qJqJH~B6HT m,onopl{HOHaJil,HOCTU Meiciy' Hanpflllt6HH8M 
- npe;zt:eapHTeJil>HOI'O ycKc;peijlifl v, · M HafiPRllt6HHeM Ha -
~~M~~~. - . . 

;_ IlOJIOli6l!He SKCTpeMB.Jil,Hl,IX TOti:eK TpaeKTOpHH llOHa, Ha BJI8MeBTax 'oT 
, -n = 2 ){O - _ n :N-T HaXO]tflTCfl HS COOTHOmemitt .- . 

~X~=.dX,[(4n~S)Vm~i·~rm+2VmJ(vm~i ~i/m) (9) 

'1 

, , '.' 

' • ' :. ': ' •, ' ' ,- . ', -.. '" : .2. ' ' 

,·t1-gri =-2~><;-l96 (V_m+{~Vrif'). _· -- (IO) 

• , • • ' ,. . , , I ·, . , ·, 

B npHB6]t6H~. Blillle pactieTaX ycKopmonien Tpy6KH ire YtIHTblBaJrnc:r, 
' fiPl-!3MaTHliec1rne nOJIH, KOTOp1,1e BOBHHKaIOT B peaJI:&Hl,IX Tpy6Ka:x'. Ha 

_ . nepexo;nax OT OJJ;Horo BJieMeHTa- HaKJIOHHOI'O no.na K ]tpyroMy ~ 
\ ' ' '. ' ' ', ' ', ' ' . ' ' ' . ' ' 

- II0:zto6m,1n. pacqeT Tpy61rn noa:eoJineT opl'!eHTnpoBOliHO onpe:zteJIHTl> xa-
pa1tTepncTnKwTpy6K111. IlpH8MaTHtieCKHe IlOJifl MOI'YT 6b!Tl> ytiT6Hli CJie-

' \_ . ' ' ,, ' ' \ " ' 

- ;ityIOUllil,1 oc5pa30M. . - - ', _ : -
Yti:aCTOK ,' npH3MaTHt!6CKOI'O. no.iii, o<5pa80BaHHI~fi npHMblM 1-1 lIBKJIOHHhlM : 
,:lJieKTpO]taL!l-1, _HBOc5pallteB Ha pHC~ 2. :Oc1, g COBna;ztaeT\C ,npflMID! 
BJI8KTpO]tOM, a ()Cl,' .x - _c 001,IO ~yc5KH. · , ' - ,, - " ·: ·, 

' Paa)teJIHLt y!'OJI oo'a. ; paBHblit e . IIJIOCKOCTf{!AH' ipi N: paBHblX '' 
yr.noi3- .. A 6 = 6/K - . , . - _. 
CliHTaeM, ti:To- nJioc1mcT11 npe]tcTaBJlflIOT co6oi'i sK:enrroTeHL\WlJil>HOO no
:eepxao C:TH :c ~ paaHOCT:blO no Te HUH?,JIOB; Ll8JK'AY COCe'Alll!LIH . Ll l.L': olL - --·. , .. . . N 

' 

,_ 
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E.n=pnA8 
Ha yqacTKe. · 

-:.paBHOMepHO H no ac5cOJI«)THOn BeJIH-.. 

• 3:zi:ecr, 9n .1 fl . - ,;D;JIKHB ;D;y!'H:O~pyit- .. 
' '• ,,,, ,, , / ,, 
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. P11c. 2. K pactieTy y-qac~Ra npl,1'3M8.TMll8CKOro IlOJlfh 

I. 
, .\, 

·, 

. Onpe:nemra COCTaBJIHllll!\Ke. nom1 .J.J:JIH.YtiaCTKa M COCT~BKB.Jl>:aBH8HMe 

;D;BID!tOHKH HaXO,ZJ;IW .flOJIOllt8ID18 HORS. nepe)J; CJI8'AyIO!l\IDI ytiaCTKOM, ;n;Jlll · ,·• .· 

· . KoToporo BHOBl>. oripe~e.nHeTCH BeJIRtlHH8. .noJig n cocTaBJIHeTc.H ypa:a

HeHne 'ABmiten1r1n. '1:aHHM o6paaow npoxo]iaT Bee 'N° ytiacTKoB. 

.fipH8M8.T~l'JeCKV.6 noiin ':aHOCHT CY!l\8CTBeHHbl6 H3M8HeHHH B onpe:lleJieHH6 

.TpaeK'XOpHH HOHa 'H .HX o6aaaTeJII,HO HyitHO YtlliTbIB8TI, npn pactieTe' . 
Tpy()KH; . . . ·. . . .. . . . 

. Ha p!4c. 3 npH:ae~eH O'AH!i .us BapHaHTOB pacqeTa TpaeKTOpHH HO HOB . 

'AJIH Tp.y6KH 91'-I. C Ytl~TOLI' H 6ea yqeTa npH3M8.Tr!.1!8ClUiX noJielt B. CJiy:.. -

·. qae, KOr]\a TpyCiK8. BI:UIOJIHeHB. HS. SJieJJeHTOD paBH0£\ ;n;JIHHbl. :PactieT , 
C ' • ' , : \ ' ... :, •••• , , > 

· TpaeiiTop11111' c ytieTo:11 np111aL1aTHl!ecKHX nonett BblnOJiaeiLHa LtamHHe M.:..20 • 
113 ::,JHCyHKa ~ne;n;ye'.T, tlTO pacqeT zj)yc5KH

1 
003 ytieTa. ·• .. 

-., 

H~ 

\' 

l 
'· 

- 10 
:\ 

nonen uoxeT npHBeCTH K cynteCTBeHHW Q~Hc5Kau. 

.~ 

I 

I '\ 

C-.J 

... °"~ 
'= 

.:::n-7 ,~ 

. /.' 

...,.. 
I 

---~---
~j- , lC) -c::, 

. \ 

'"? 
~ . >:< 

g 

l 

. 
) :\ 
~ g 

~ 
:,; 
0 

.a:,-. :,- . 
r:q :s: o·.,. 
fil~ 
j ~.·.· 
~ 13'. 
0) :a 

-~ ~ !r:! !(I) 
P'I :,< 
CCI·» 

. Pt 0 
'(1) ' :s:, 

('\J 
,;s:· 
en :.. .. -. 
S' ,s: 
11:m 

·O'I';; 
~o 
01:: 
0 
(.)~ .. ~ 

.G.> 0 . 

. · -5 !\? . 
. i:-.:;: 
P.8 

""!.i 
·-~•P'l ~ 

!S §'' 
0 

. :s:.~ 
11::0> 
:s: I>' -p.:,, 

:-~(!) 

~-8. 
('j . 
Po-· 

E-tH 

, "' -
• 

0 
:,; 
P-<: 



- u·- :/· 

,C./ 

B/ Bb16op 'KOHCTpYKI.\lrn ycKopmomen Tpy6Kli II 1 

• Bb160p' KOHCTpyltll,Rli Tpy6Im ;ztJif{'8JI8KTpOCTaTnqecKO;ro ycKOpllTe-· 
'JIH sr-I onpe;n:eJieH, ll OCHO:BHOM, cnoco60M CTa6n1maaum.1 llt!COKOl'O 
Hanpro1mmrn Ha YcitopnTeJie. IlocKOJII>Ky cTa6Mnaau1rn ocynw CT:BJIHeT
ca c noMOlfi!.JO aJieKTpOHHO!.t nymKn :m npm.ieneHne ;n:pyroro · cnoc.o6a. cm

' 6rumaau1rn He npe;i:tcTa:BJIHJIOCI> BOBMOlltHID4,. noaTOMy Heo6XO;i:tID!O 6blJIO 
coa;i:taT:b ycJIOBllH l(JIH np0:1!6]:teHUH' ti:epea Tpy6Ky ::meKTpOHHOro nytIKa. 

KoHCTpyK~nii !iOJIOHHhl ycKopnTeJIH TaKO:Ba·, ti:To ycitopaJOm,aa 
· ·,TpydKa ;n:omrna cocTOHTI> )ta 16511sonaTopo:B. · · · 

CoBepll!eHHO O'!eBH,ltHO t ll:TO. ]l;Jlli gpoBe;i:teHnfi iIOBHOrO nytIKa qepea) 
Tpy6Ky C B8 60J11,ll1ULI o'TKJIOHeHHeH; OT OCH Ha,'. llblXO;n:e 1!8 nee HeO 6XO

;n:m.10. ll!.!8TI> ti:eTHOe qncno ~lle:treHTOB C' npOTll:BOilOJIOl!LHIDI~ no 8HaKy 
' . ' ,_ ' , I' 

COCTa:BJIHJOll(IDm IlOJIH. . •' . ' ', ' 
. ;no 6nBaHCI> MB.KCliMaJll>HO-B08L!OlltHOro. ynpOqH8HlHI. ipy6KR,; H8, o6nwro 
., 'lncna RaonaTopoB, cocm:BiIHJOll\HX Tpy6Ky, cne;n:yeT B1,16paTI> 14 rurn . 

16. 8Jl6MBHTOB. . . - . 

· IlocKOJII>Ky Heo6Xo;n:UMo c5wro. ocTaBnTI> HeKOTopoe KOJmtiecTBO naonn-
' TopoB ;n:na rrpe;n:BapnTenHoro ycKopeHmi noHOB n· ::iJieKTJioioB~ Bb16pa.:. 
. HO q1wno aneueHTcfll pairnoe 14. CJie]lOBaTellI>HO 140 nao1rn;TopoB 6u.:. 

. ' ' ' ' , . ' ' ' . ~ . 

JIU aaHHTbl aneueHTaMH.C HaKJIOHlll:lMll IlOJIHllU. 
· :Zlna ocymecT:BJieHMa cTa6wraaa~m1 BblcoKoro aanproitemrn c · no1,1om1,10 

aJieKTpOHHott nymKn B m1ren ti:acTH ycKopHJOmen Tpy6Kn nocTaBneHbl · 
Tpn v.aoJIHTOpa c npHM!:lMH' aneKTpo;n:a1rn. OcTa:Bmneca 22 naon.riTopa :He-
o6xo]lrurn ]l;Jlll 000Cnell6Hl'lfl YC.JI0Bl111 BXO;n:a UOHHOrO.ny1uta· B Tpy61cy. 
811eprna Bxo;v;a noaa onpe;llenaeTCH '.ilT~ yttacTKOU Tpy61rn, a yro'i! · 
BXO]le: - TaK Ha8blllaeMblM KOMneHcv.pyIOlllIDd yti:aCTKO!.!,. COCTOH~HM 118 

.·. H8.KJIOHHWC aneKTpO]];OB t KOTOpble paciIOJIOl!CBHhl aa npm,1wm sneKTpo;n:a-
MH Tpy6KH~ . . . . . ' '.' 

:Una Bb16opa aHeprnu~n yrna BXO;n:a noHa :a Tpy6Ky·6blJio oripe]leJieHo 
_OTKJIOHeHne VIOHa g N nocne Tpy61rn, C yqeTO}.! npR8MB.TUqecirnx no:-

~,Jiel1 B cnywe t Kor;n:a BJieMellT npe]lllapRTeJil>HOro ycKOJlBHHfl COCTOHJI 
»a 22 npflUblX aneKTpo;lli:>B, To'ecTI> son BXO;llwr B Tpy6Ky nq .ee ocH.' 

'c aooprueil, onpe;n:eJIH6MOiL22. 'npoMelltyTKElMH. B ;n:aHH01.I CJiy11ae HOH 
mmeT MaKCID.18.Jll>HOe OTKJIOHenite' TaK KaK cyMMa MOMBHTOB KOJIHqeCT-: 

l .·, 

·, 

- 12' -

Ba 'ABr!XeHHH, KoTopaa BOBHmtae,T ua-aa 60111,mero :epeMeHH rrpoieTa 
HO HOB. -ciepea H~ll8THhle 8JIBM8HTl,I i'py61rn, He KOMIIaHClipyeTcn. : 
O!I'KJIOHeHHe HOim OT OCR Tpyc5RH B aa:BRCHL!OCTli Of pa3Jnill:HWC;, 

,.BeJIHT-IHH ytre.CTitOB npe;itBapHTeJII,HOfi'.> ycitopeHRa l_i. KOUJ'leHCaruui onpa-
1 ' ', .-· , ' • " •• 

;iteJIH!ca·cne]lyJOJJmM ~b!paxenneu: 
. '/ 

·g,.. px~B{x + #.~x•fV n,(n.,•t,'ex•)~ n •• JJ ~CJNx<ul 
. ,l , ·. \ '. - , 

· np¥.,ycnoBKH, ec,m IJN+ Yo +lh,K-iK==O 
l';ite . f1n!,I nic · , ,:. llKCJIO li80T.HTOpOB 1 000,CIIeti:HEatorqHX COOTBeTCTBelf-

1' ... . " ' . ' ' . ' ' ' .. . ' 
HO HanpHllteH11e npe;n:Bapv.Tem,Horo· ycttopen11a u ua-

•Ill)f!lKeHna mi, KOMIIeHCHpyIOillOM. y'II.Sc_Tite ,: · 

X =yn;;;: Vif:' . flo =-nn~ -ni< . . . I . 

'nr - KOJl~qeCTBO . .130JIHTOpOB BO ·,:scet-i Tpy6Ke 1 003 
ytrocTK& npe.zi:eapHTeJI1>Horo y91tope HRH, BJ!BKTpO-

'- . , - . HOB, . , 

. ?J'IK u-ti<- CKOpOCTI> HOH8. nocne KOMIIBHClipyJO!l{ero yti:acT~a 
· · H BpeMa !JPOJieTa HOHOM Tpy6Kn. · 

YpaBHeH'lie· ( U ) MOlltHO pemHTI, rpaqiiiiqec:m, 8f.l]laBali 8Hall6Hl1ll O]tHO..:. 
MY na H6li8B6CTHb!X '( n" , no)• . 
Jlna ·oito.HmiTer.1,noro 'Bl::16opa yti:aCTKa- npe;llBapHTeJILHoro•ycKopeHHH · 
ueo6xoi:;1A1,10 pacc.tntTaTn TpaeKTopmo uom :B Tpyc5Ke c y11eTou npHs- , 
1,!aTl·1'16CKHX. no'iett C orrpe;lleneHllbl1.IH n" , :ii.1m KOTOpUX BeJil1ll:lUia . 
Y.vx 6m1:ar.a ;c HyJIIO. ;/{Jlll Tpy6Kl1 sr-1 noJiytieHO nl( =.5 H80JIHTOpaM, 
a :::JI9](0:S8.TeJII,HO no . = 17 l'l80JIHTOpau. ' ,· 

, TaKv.1.1 o6paaoM, SJI8MOHTa:.m, cocTaBJIHJO~HM!t! Tpy6Ky, HBJIHIDTcn • 
• . I , - • 

I. 8JieMBHT npe]!.BapnTeJil>P.Oro yc1.opeHi1fl ]Uitrnott - 22 p •, 
COCTOHll(H~ HS ywcTJ:ta c llPnMI:.Illl'l aneKTpO;i:taMii ;i:tJIHHOfi - 17 p; 
Ko1meHcnpyIOl!l8l'O ytro.CTKa ' - • 5 p •·\ 

. - ' ~-. -

·, 2. I4 8JI6MeHTOB C 9 HaKJIOHHblIDi aJieKTpO,D;aMv. li OJ(HHM upm.1m1 
$JieKTpO,D;OM Ha nepeXOAe li.e-;;.'lJ,y 8JI6l.!6HT8.Mli '. · - no IO p. 

. 3: y'wcTOK npe;ll:aapl'i'!'e.n:r,noro ycKopeHirn· BJie1:tTp9uoB ~ 3 i. 
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;I'/ KoppeKTHpOBKa nytma JlOCJIO ycKopruo~ett Tpy6KH c. paBmmH 
anel.eHTa1.m. · · · · · · ·· 

B OTJilitilfil. Of Tpy6oK C npllID,IMH 8JIOKTpOCTaTrl1I€~CKIDJH IIOJiflMl!1 

'KORCTpyKUHfl Tpy61rn C ll'llKJIORH!il!U 8JI6MeHTauH' paBHOiL:ztJimm, Tp~6y- ' 
• . . " j ~ ,, ' , ' • ' • . . . -. 

eT KOppeKTHpOBKH IIOJI0l!t6Imfl nytma B nonepeqHOM nanpaBJieHUH Il\8JIH 
8JI8KTpO:zta. '\ ,: . . . . . ,, . 

071mni na BOSU()l!tm,1x> :aapHa.HTOB KoppeK~HpOBKH nonollte HR!l ny1ma. !IB~ : 

JUieTCfl ·, npm.!8HOHl'J.8 8ll8KTpOCT8.TH"48CKOI'O · KOppeKTOpa nocne BWCO}ia_ 
·

1

' HS ycKopmouien Tpy6Kl!. ', ' ' ' ,, ' ' ' 
Ha Tpy6Re. SP,-1 ycmnoB11eH aneKTpocmTHtreCKllit. KoppeKTop c o:ztnoit. ' 
napoM IIJiaCT,HH. • i!nfl o6e cnell8HI'lfl mmeitHOl'O H~MeHOHlifl BB.npf!llt6HHfl 

. Ha KOppeKTOpe C HS1'8lI6llH61Ui8.Iij>fDK8Hl!fl Ha Tpy6Ke BBnpHJ.'ieune Ha • 
. KOppeKTOp .no;ii;aes:ca c noc1reltnero npOMal!tYTKa ycK~llXIIl\8~~·Tpy6KH, 
KOToputi myHTUpOBaH COnpOTIDllreHl!JH.l KOppeKTOpa ' /( KOp. . ' ' . 

BeJI~q.rna '. R. KOp '9npe:zteJifl8TC:R no <p0puyne (12) .- HB ycioB
1

Hli ' 

·. co:imeniem&fl TpMitTOpi!H HOBB. C OCI>Jl_ Tpy<nrn Ha aa:ztaHHOll paCCTOH!llrn ' 
OT e e BWCO:ztae .· 

0 ' /'J 
i\. l!op '<.. ------12+ d. ;· 

',11 

2tgol. 
' i +:(.g'-rlv 

·"' 

r'/1,e 

R+., - 06l.1We conpOTHBJieHHe '/1,BJIRTena TpyCiKH, 
fl ' ' - l(JlHHB. ~!3:CTHH,l{OppeKTOpa' ' ' 
d. paccromme. Wllt:ztY ,IIJiacTu·mu.m •. • 

( 12) 

PaCCTOliHHe KOppeKtOp8. OT IIOCJie:ztHel'O HaKJIOHHOrO. 8JI8KTpO:zta Tpy6..: 
'KH onpe':ztenaeTCfl•CJie'/J,yI01I1ID.!06paaou:. ' . 

' ' 

• .. L. .. :c· YNT . .J_ /}). .·, ' ·= - . - +.-·"-.. . . 'tgr:J.. '• 2._. ·, . \ ' '' ·, ,. 
(I3)' 

' ' 

r;14e Y Ni' - - OTK.noire,Hne HOHll Ha ll!iX0'/1,e HS Tpy6KH, 

:·t9C:(=. v".YT -~ lJ-y~, lJ-xi . -~; ~o~TBOTCT~~HHO. riKopo~TH HOHB.-na 
: - ' 1'xr, ,llb!XO,l(e ns'Tpy61rn n'on~pe:Efllie'nu H ll:ztOm,oc11. 

'-~"'· 

::.14 

· . J!Jia Tp;f6Irn sr..:.i .:.,' l = 0,5 u, cl = o,os 1,1., l = 0,5 M,. 

'-:- R KOp = 2,5 MoM~· . ,' . -

,{ 

! · / 
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!'~ 
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' ' ' ·; 

'll./ CHCTeMa. <p()Ky~upOBKH rlOHHOl'O nytma B .yCKOPli!OIIle-it .Tpy6Ke: 
/, ,. . , ' .· 

' - IIpH pacqeTe, ;CHCTeMN @C>KyciipriBKH MOHHOI'O nytlKa 6WIH HCIIOJI:&-
SOBaHl:l pa60Tl:l [1:2 ,13 ,14] ~ . ' . :_', ; " ·•. ' ' ' 

. nJlfl 000 cne ll8HH!t JIHHe llHOl'O H8M8H8HHli npe'l1,BapHTeJII>HOI'O ycKope HHR 
·. HOHOB c asi.ieueHHeM lianpfmSHHff Ha Tpy6Ke B _CHCTBuy nHmHH!! <p0Ky- '· 

CHpOBKH · HOHHOro HCTOIJHHKa BKJllOll8HO conpOTHl3Jl6HHe Ro , Ha KOTO-
' . . ' . ,, . ~ . . ~ 

pou o6e,CnellHBaeTc~, npu npoTeKamrn TOKa ~eJIIJITeJllt Br' HeOOXO:ztH-
MOe na;z{eHHe Hanp!llltellHR. ' 
BeJIH~HHa ·corrpOTHBJiellHli Ro OnpS;z{eJiruracI> CJI8'l1,Yl0llilil! BupaxeuHeM: 

~ /" ' . . . . ' ' 

' RT·' 
Ro =··N- :t: ~-14) r;14e 

\ 

· ~r - conpOTHBJIBHHe ;zteJIHTeJlli Tpy6Ki, · 
. :- N":.-_ oTuomeHHe . sHepl'HH lioHB. Ha Db!XO:zte mi Tpy6K11t K snepr1:rn 

' . rrep~:zt BXO:ztOll. ' ' ' ' 

.Una ooocnetreHHH ~o6X0'/1.HMOil <p01tyc11poBKH nytlKa HOHOB ua pasHWC 
· paccTOHHHflX OT 11wco:zta Tpy6Kl'I conpoTimJieHHe Ro cocTOHT Ha 2.c 
. ~onpoToJieHHll .;. nocT?HHHor6 60 Mot.I H nepeMeHHOl'O 20 Mou~ 

. CxeMa Ill'ITaHI,'lfl <p0Ky·c~y10ntell · CllCTeMbl. HO' HHOl'O KCTOllHHKa 'c. f_HCTeMOL\ . 
B1ITHr1:mamrn (rs .,.I6j noKasana Ha pHc. 4.,, . . .: . · 

. Ha conpOTHBJI6HM R = 2 MOM npOHCXO:ztHT .Bll~HTa.HHe Hanplil!t6ID!fl' 
llh!Tflr 11IBa H>ili HS na np,mite Hlili npe;ztBap Ii Te JII>H?ro ycKope ID1ll • 

j 

r 
\ .•. 

i ~ .. 

I 
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• .. 
Pv.c •. 4. Cxe1ia nuTaH11a <1>01tyc1apymmett cncTeMh! uoHHor~' 
. 11CTOl!Hmta •; . . • 

. . 

2. HEK0T0P!:IB B0IIP0Chl TEXH0Jl0fiUi l/!Sr0TOBJIEHViH TPYEK!ii . · .,- . . :, 

• B Tpye5Ke ;l(aimqn KOlICTpyKl\Rll npma1rnein. Tpu BHJ.\a aneKTpo- · 
·1-. . . . 

'\ 

· a/ HaKJIOHHh!e. co: ll\eJI:bJO 14_0 x 40 MM, c yrJIOM Hal\JIOHa n.noc-: , 
KOcT11 sneKxpo,na OTHOCHTein,Ho · IIJiocitocTH RSOJIHTOpa n°ro . 

, 6/ Ilpm.iue CO n:eJII>:'.ll 140 X 40. MM •. · 

. ' B/ IlpH~e c ~eMH ~TBepCTli!U,!H ;zrna11eTpOM · 38 w. 
_SJieK'I",i)O~hl noitaaam,1 H8. pv.c > 5. . ' 

.; 
;~ '-

,· 

7 

1· r. • 

,, 

/ 

· 1. 

t· ·' 
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Puc •. 5. Tmi~ ·aJieKipo,noB .,nna' ycKopa~lllefi Tpy61m c_ HaKJIOH.;; 
IlliLm nonmm. · · · 

AJIH Il0Bbllll8HHH ::meKTplltieCKOt\ npOtiHOCTll npO.MelltyTKa,. H8. OCHOBamrn 
pa6oT (I7, rnJ, · c ooomc cTopoa mioJiaTopa 1J;er.amrn:& ·npoTotiKH •... 
Harap Kirea H8. H80JIHTOpax, o6paaoBaBmRiiCH; npH~pacnetiK~ CTap~il 

•Tpy6KH 11·m>yroo_ aarpmrnemrn: l'lBOJIHTopa Y'ASJIMHCI> o<mm'ou 13 nequ 
npll TeunepaType ?oo0c .c DwteplltKOi B T8ti8Hll8 6-8 tre.COB.. . . 
Ilocire o<mv.ra · HB01IHTop1:,1 no.nBepraJIHc:& npoBepie.:oc nouO!itI>IO ym;Tpo
SByKOBoro l);8qt)KTOCKOiia YJJ.:U-I llJut YJJ.U-IM • 
C1menKa Tpy6K11 npoHaB~;nimac:& KJieeu. m>-4. _6ea _npill.!eHen11n c:i:nml\o- · 
BblX npOKJia,noK Mei:tP;y RB~JIHTOpaMll ll SJieKTpOll;8llH. 

· · 0a dni1Ta HBl'OTOBJieHHll ·11 nocJie,nyroll!HX 11omuum'llt Tpy6K11 c HaKnoH
. Hmm no:iiHM.t ~~n sr:..r. uOJKHO ~;11enaT:r, c.ne;nyroI!liie llh!Bo,nu. 

'. 

,, 
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BoayoxHocn noJiyqeHHll nOBW!IeHIU,!X rpa;n:ReRTOB nOTeHLUmJia Ha 

Tpy6KaX C H.8.KJIOHHHMH IlOJiRMU MB-:-Ba C:Be;ll8HH!l K IIHHill!YMY 8~KTa 
noJrnoro 118.npaxeHRlt npti;n:~llBJlH6T nOBW.!6HHHe Tpe60Bamrn R H30JIHTO-:-

, pal.I, cocmBJI!l!llliHX Tpy6Ky. . . ., . . . 
''B :an;n:y Toro, 'IITO, BCHKoro po].ta m,cia6wu,_H6cTH · nanpftllteHHH B oT;neJil>- ,. 

Hb!lC IIpOM8lltYTK!lX H BO ~eel TpyOKe ,.- Onpe;n:eJIHeJ.We,, Katie~TBOM ·J,i8l'OTO:l3,
JI6m1!J Tpyci1rn, IIPOllBJIHl>TCll'', ~y6!{a:x: 'c BB.KJIOHlllill.li noiirua:K l3 (JOJII,-:-
mett crerie1m; treK B 061>NKWC ~ydlta:x:, ipe6o:aaruui K_ KaiiectBy maro- · · 
TOBJI8H14ll ~y60K C i!aKJIOHBHMH nOJI!llUl 'AWllB:Fili Cl!iU,· OC06eHRO B!ilCOKH. 
Ilepe;n: CRJiettKOl Tpy61u{ 01'].t8JILK!il8 8.1I8li8HTli IIe06XO,llw.10 HC!Th!Tb!BaTL . 
Ra. pac~eT;slt rpa;n:He ri n:OTelmMJia ~ 

3 ~ -SKCITEPtmEHTAJII>HAH, ITP<J8EPKA ·FA C'Cl~OB Ii REKO'.t'OPliE 
XAPAKTEP~CTwtli TPYEKM C HAKJIOHHb!MttUOJlHMH 

a/
0

8RCil6plOOffi,II,B8,)l npOEepKa paC'll8TOB, 
\ ' , ~ '' " • \ J • 

'-

, IIpo:aepKa pacqeTOB npomniO,Zl;HJiaC:&, Hll C'.OOH]te C ':aepXRelt CeK-;-
Ul1:eH ycROpll!Outei! Tpy61<111, COCTOHnteil HS 8J18M8HTa npe,nBapHTeJll>HOl'O 

\ . ', . ' • ', • . ' I.• 

ycKopem1a M 'AB"jX 8JI6_1&8HTCB C BS.KJIOHRW41i nomu.rn, TO_ ecT:& C6Kl{llfl ' 
COC~OH1Ia 118 42 Vi80JIHTOpOB. < . . . · . , . ' .· -- ', 

1Pac'lleT npo11s:so;zu.mcH no MeTO)l;y_ KOJITH [19] -~ yqaTor,1_ npza~THqecm,1x · • '· 
Il0JI6H H no Me'rolJ,y J4!31!0E6HBOJIY EWlle 'c yqeTOJ,! 11 008 yt1ere. npl43M9.-
Tllll6CKHX noien •... •, . . . . . . . . .. . . . . 

3KcnepID'6HTaJil>HaH npc>Bepxa 110Ka;;,ana xopomee corJIB.cHe .aICcnepv.ueil
Tam,BliX H paC'll6THWC ;zi;aBM, nony'lleHBWC c nOYOl!l~D H8.CTOH!ll6ro Me~ 

. TO.n;a paCtleTa • . _ _ . 
STtil4 lEO 8KCI!apmreHTOM no;ztTBepz.neH BWIO'A O nOCTO.llHCTBe TpaeKTO
'_piin 140F.0B B ~y6Ke C BS.KJIOHHID,lH_ nOJIHLUt npll 113.!.!6He;imt o6mero ire.'- . 
nprul':SHlUi H8. Tpy6Ke." 

,: 

·6/ HeKOTOPl:l8 xapaKrepHCTHKli y'cKopmomev. Tpy6Klll c HaltJIOR:.. 
. Hlildtl IlOJifi!.{H [20]. · .. _ .. .··. ' . _ . ., 

Tpy6Ka COCTORT :na Tp6X CSKD;llil o6ui~g ;ltJ!l'lnO~ 4 ,I25 M~ ;l\Jifl 

_Tero llT06a nonyin-tTI, Bl-COKHe rpa)l;lieHT!,1 Ha tpy6K~' ,He06x0,1t!r1MO 6h!-

! 

/' 
,' 
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JIO, np0118BeCTll npe;ztBapHTeJII,HyIO Tp6HVipO:aKy OT"/1.611!,HJiX ceKUHit. 
BepXHHfl H cpe-P,Hfiil C8KUHH Tp6HlipOBaJIHCI,. no 6 + 8 'IISCOB K8.,U8H JC 
6wrnnonyqeHU MaKCl/lllaJII,HbJe rpa-p,:0.e'H1'1\l no'reimoo~a pa:inwe I,7 MB/ii, · 
IJTO 6Jrnaio K pacqeTHOJlY I ,8 MB/u. , Ilocn:e ~eH111pOBKH B Te'lleHHe · 
~ 'IISCOB ii inm:Heit C6KUHH Ha6JIJO;zta.1rnci 'llaCTHqHJi18 npo60l'l npR l'pa;n:11.,-

'\ 

, 6HTe __ Il0Te}ml'laJia HaCeKD;HH, paBHOM I,26_ MB/11.. CHHllt6HH8 BJieKTpll-: .. 
, , 'll6CKOi! npo"'IIHOCTH ceKUHM 'npozcxo;n:WIO HS.,-3a HH3KOl'O Ka'lleCTBa. OT-

' ~em,Hb!JC 11soJia±opoB, m&eJOll{HX Boa;n:yia~lie :sK1IJOtreH11H~ · . ·· · · · ·· 

-:r 

. Ilo;n:o6Hble 11aOJiflTOps ;zio HX ylta.JieHHfi orpaHH'll1maJI11 nanpIDKeHHe m . 
:BepXHeit 11 cpe,1\Hej C6KL{llflX ,llO rpa:z{HeHTa 0,8.MB/M •... 
. OcTaBmReC!l B pa6ore H80JIHT0plil HH3KOro KatreCTBa H onpe-P,eJIWIH•·:eep-
• XHliit 'np~)l;eJI rpa)Ul6HTa Tp!6KH, paBHJ-lH I ,26 M.B/i.l. . . 

~itoi:t Ha ocHOBH!iX xapaKrepRcTmt yciopHIO~mc TpyooK· c _mutJIOH-
- • J " • • .. 

HliMJ/1 OOJI!ll,11/1; llBJIH8TCH . ere neHI> no.n;aBJIOHHll .. BTOplltt'tlliX aapflllteHHHX 
qaCTm\~ 06paayIOl!lHY.Cfl B Tpy6Re. .-.... . . . . . 

_· a To c:aoitCTBO. Tpy'6KH .61\1.10 . onpe)l;eJie HO . CHllTHeM, aaimcm,:ocTk ;TOKa 
aapMKl'l neHTl\l (I sap) 'oi. uanpmteH14fl na ipy6Ke (HT). ' 
Ila p11c. 6~. no,Ka8aHO_ ll8MeH6,HHe TC>Ka '.aapH;l!KH _JieHTl\l OT Harlpflllt6Hllll 

. 'Ha Tpy6Ke npH paaJill'llHliX B8Jlll'lllll.HaX TOK~ nyima :a ~y6Ke •. 
_, ...... ,., 

I 
f 4· 

. ' ... · ·. ., '; " , . , ·, ,' ..... : '-', '. .- .- ' ._ '· 
.. P11c~·6. Mawoo1m.eT0Ka··aapazr1rn·JieHTU (I_a __ ap.) OT.·nanp.ffl!te-, .· 1 ,_ 
. ,. . .• . Hlrill · sa . 1'py6Ke ( lfT) 'AJlll paaJIJ/l'llH!,IX TOKOB ny'llKa. . . _ · . -

.·· •.. -· .. 1 ;- TOK nytlKa.paBeH 0,2 ;-'14 MKa~ 3-50 MKa,'.4,.:.. 85<MRa. 
'. ~ . ~ ' \ ·,,. ' .. · ', ' '\·.. .' .\ ' . . 

·, 

( 

·' 
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I/Ia 'p111c. 9 ciJie;n;ye!r, tiTo. nponop~HOHllJll>HOC!rl> MelUY TOKOH aap!U!KIII 
H HanpHllteiureH Ha Tpy6Ke · B npe;n;eJiaX 1iauepeirn1 npaKTHqecKH lie. Ha"".' 

· pyiraeTCfl npH y~ciJIHtI6HHli;TOKa· eyt1Ka ;D;O 85 HKa. J/IcK_JIDtieHKe 8ll;8K
Tp0_HH01t HarpyaKH :ii STHX rj,yeiKaX noaB011ae!r aHB.tIH~JII,HO peJIRtIHT:& 
yc:KOpfleL!hrlt HOHHb11t !rOK npH HaIIJ)HlltemtlllC. c5JIH8KWC K HOJIHllB.Jll>HOJIY no 
cpaBHemm C OCil:ltlHbllllll TpyeiKaHH; . . > ••• -· •• • • • • 

. CJl8;D;CTBH6ll no;n;aBJl61UUl HOpHtmblX npOUeCCOB B Tpy<5Ke flBWlOCl> 8HB.
tIHT8Jll>HOe yJreHI>meHRe peHTreHOBCKOrO H8JlytieHHfl KaK'no .HHT6HCW3-
HOCTH !rOK · Ill no 8Hepr»H.· · . . . . . 1 : ' . • • • • . .· . 

-B iaHHOll TpyeiKe 11cintHOCTl! 7'bs1,1 peiTreaoBcKoro. Ha.nyt1eHHfl cawiteBB. . . . . .. ·- ' . . . 

'aa ;n;Ba nopMKa no cpaBHeHHIO ci Tpy6Ko£1 OCiHtIHOI KOHCTpyKUHIII, ]tY..3.!p-. 
parirnpoBaHHOll meCTHa]\~8.-~l>IO.-·nepe:kpI,i:BaIOll(Hl,!HCfl mmwpart.ra.Ml/1 C ·. npoxo:d-

, Hl,111 OTBepCTReM B 40 IIJI. , . . .. 
... -... . , , ·• ,, . ' , - l 

MaKCID'8.Jll>Hafl aaeprHfl cneKTpa · 111aJiytieHHfl 6Jil/l8Ka K pacqeTHOll: B6JIH-~ 
tI111He i onpe]teJIHeTCH :zi:'JI111Hon ·anelleHTOB Tpy6K111. . . · · '• ' 

. B 0T11111q111e OT oeibltIHOit · Tpyeiirn, B Tpyc5Ke~ c HalmOHHID4H ~oJiru.m noJio
: llt6HKe nyt1Ka 8~BHCRT OT aa;n;aiinoro pacnpe;n;eJieHHH HanpflllteHHH' :e;n;on'1, 

~ TpyeiKH. , . . . , : 
!tiaL!eHeHHe pacnpe;n;eJiemm HanpHllteHUH B;D;OJII,• TpyeiKH,. nplllBO;D;Hntee K. 
8HatlHTeJII>HblLI 'nonepetiw,i11 napeMenteHHHLI nytl:Ka Ha-ilmI16HH, npozcxo~ 
;n;HT np111 111aMeHeHHH IIJIOTHOCTH aapfilia.aa Jie.HTe B xo;n;e Ha11eaeHHH 
aanpimemm H8. SI'. Bp;eLIH ycTaHOBJieH"H aa;n;aHHOl'O pacnpe;n;e.JieHHH 
nanpHllteHlllfl Ha TpyeiKe, B 5TOl4 cnyt1ae ~ onpe;n;enHeTC!CBeJillllllllHOll 
. , ycKOpl1T6JIH. . . . ' . 

HeaHat1HTeJil>Hbl6 nonepet1Hhle KOneOOHHfl nyt{Ka (I-2·-w) 20 Ha MHJlle.:. 

Hli npo111cxo;n;a!r npu KOJieOO.HliflX 88.p!U!H9ll JieHTbl, KOTOp!i!e ·.I!plllBO;D;flT. 
K HaMeHeHlllt> pacnpe;n;eJieHIIIH aanpID!teH111a.n;n;oJi1, TpyeiKH, BCJie;n;cTBllle 

. Hep!l.BHOL!epHOl'O Ha:i3e;n;emm aap~a H8. KOJIOHHY ycKOplll'rena •.. : . 
KoJie 6aHlllfl nytl:Ka, B03H»KaIOntlt1e BCJie;n;CTBUe Hep8BHOMepaoro Hal!e,lle
HIIIH aap!Ul8.- H8. KOJlOHHy ,.,B»;n;ID.10, MOJKHO. 11CKJlIOtilllTI, COOTBeTC:TBYIOnteil 
KoppeKuuen 111oaaoro nytl:Ka, • aanpm.iep, nocne BblXC.lla 11a ycKopH!Onteil 
Tpy6KIII;.. . . . . . ·_·· .. •,· . .. . . . . • 

. . Yc1copH10ntaH Tpy6Ka ll08BOJIH6THO,IIHl1M8Tl> Hanp!IlKeHHe aa· SI' ,!10 . 
5 MB c TOKoM:a Tpy6Ke 85 '1m·a. B re-qeH»e aecKOJII>KRX .M»ey-r.· O;n;Ha
io, B U6JlflX BJcoKOBOJll>THOH' Tp8 H~p0BKIII 11pOMel!tyTKOB Ill OCie cneqe Hl1fl 
Heo6xo;n;m.1oi1 CTa6~JII,HOCTIII :a pa Clore .'Tpy6KH,' cJie;n;yeT no;n;aimaTI> H8-

_ nplllK6HHe B ret1eane oonee ripo:ifomK»TeJII>HOJ:'O BpeMeH» {I~2.qaca), · 
tiTO, .Ka.K npaBUJlO, COBi:ra;n;aeT c Tpe 60:aaHHeM aKcriepID.leHTa·. BbiCOKO..:. 
.qacTOTH!,lit l!CTO'llHHK C aBTO{iJOKyc'11pOBKOi1 OCiEfo_neqHBall IIIOH.Iillii fIYl!OK 

lh \ , • ,,. •,•'",_, '; ' 
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,;n;11aueTpou 4-5 MM im Li1111:1euH, OTCTOHBmett O!r. MaI'HIIITHoro anaJmaa
_Topa~ iia paccToaa111111 ;n;iiyx MeTJlOB. Tpy~a 6wia BBe;n;eira ·B sKcm1ya-
. T81UUO B Mae 1%4 ro,lla H K Hl!llllJ 1%5 ·ro;n;a OTpaeiOTaJia )!JIH roi;epllO-

' (Plll8Ht1eCKIIIX
1 

5KCTI8pH!,!6HTOB cnr.knc, ·3490. tl8COB, 1118 KOTOpli!X n:plll nanpn.;, 
Zterum CBl,lll!e 4-x MB OKOJIO 400 tlaCOB. · . 
B, Teqerute 'Boero :BpeL!e~M: ycKOpHT8Jll> paeioTaJI npn, TOKe H/l lnmem! : . 

.. 20-47 MKa ( TOK nepBott ~8f9li), Clea KaKnx-ilneici HaueHeHHll :a r.aIJU-
L!eTpax Tpy<5KH ( aa HCKJ!IO'll8illi6M BblXO;n;a H3 CTpOH ]teqieKTillIX M80JHI-
·TopoB). . . . . . . 

:,, 
. . 
8AKJ1I01lEH!tiF; • 

· .. B pa.CioTe. npe;n;JIOl!teH MeTo;n; pact1eTa ycKOJ)H!Oll\lllX Tpy6o~ c I!B.K- ' 
' •. JI_OHll!,JMH ITOJIID.!U l1 paCCL!OTpe·Hbl pa8Jilll'l1Hbl6 BapnaHTbl IDC Bb1ITOJI11emm .... 

. ·. ]!Jif[. HOHHOrO HCTO'llHIIIK8. 6mra paapa6oTaH8. CXeMa 8:BTO~Kycv.pOBKH, i 

• KOTOpaa ll08BOJil,L"Ia, 06ecneq111T1> ;n;ocTaToqeyro creneHl> !pOKyc»pOBKH • . 
. 110HH01'0" nytIKa. Ha L!mlleHH~ pacnOJIOllC6liHOtl. llB. 3a,llaHRI:iX paCCTOflHMX . . . . . . .\ . . . . . . 
OT. ,TpyeiKH. \ 

Paapa60Ta1Ia Te.xaonor111H. Haro_TOBJI~ anri HB.~no HHblX sne KTp o]ioli 
H Tpy6,rn B U6JIOt.!' ~ BHflBne Hbl 1'8KOT0pble OCO Cie HHOCTH. 8TOtl. TC3XHO~ 

, . I. ; . ·~ 

JIOl'HIII. 
UoKaairna aeo6xo,1.1H~ocT1> np·e,1.1:aapHTeJI1>HIDC HCilblTaH111i1 0T;n;e;11>HUX a;e~ 
MeHTOB TpyeiKH Ha pactieTHblt.i rpa;nHeui nciTeH~111ana. . · · 

V.ccne;o11aH»e Tpy6Ki'.. Ha SJieKTpocTaTnt1ecKoM ycKopnTe.ire 81:':-I. 
noKaaaJio, t1TO Tpy6Kn c iraKJIOHHHMIII no'naMH HCKJ110t1a10T 1acM)eKT non-
uoro aanpfllltelll-!H~· ·· . . '· · · · 

. . -··' ,; ·. - '. 't· 

. B Tpy CiKe. npaKTH'tle CKH . IIICKJIIOqe Hb1 npoue CC bl nplllB07lf[IJ\l!e _K 5Jie KTpOH-
no n Harpya1ce ~ · 06 OTCYTCTBIIIH aneKTpoirnoR Harpyaku :a Tpy6Ke c:a.t

.]J;eTen:&cT:eollano OTCyTCTBHe paaOO.JlaHca T8KOB H8 Sr-I BCf":aceM pa.:. 
Cioqeu 1rnrepBane HanpHllteHHii. 
BcJie]\C!.'Bllle SToro :u:ontHOCTI> ;n;o31,1 peaTreao:acKoro' HSJiytreHl1H ciillll!te
Ha 6one_e t1eM · Ha ]iBa ~opfl.l(Ka no cpaBaeaim c .l(»aqipar:r.mpo:aaHHoii · 
Tpy6KOH 06b111HOtt KOHCTpYKU1111. . . . . . 

• 8Hepr111H ·TopuoanoroHany~~HHH TaKJKe CHllll!teaa 11 onpe,llenaefoa'.;n;Jin- • 
· · aolt aneMeHTOB. Tpy6KH; ;. · , · 

' : ' \ 

·_,..., 
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Ilo;na~Jie ime 'BT0p imrux npouecCOB B '. yCKOpH!OlllMX Tpy61:tax . ~ H8."'.' 

,KJIOHHID!H noJimni nos»oiaeT'ycKOpHTI> CioJII,lllH8 TOKILllO cpaBH8HHJO' 
c Tpy6KaLni' ?C5hlll~ ,K~HcTpyKUHti~ · "· · ' 

B npociecce HCCJIEl]tOB~Hl1fl H aKcnJiyaTa~i-rn Tpy6KH BNHBJI8HO 
Tamite, 11'-ro ;nJia no.Jiy11eHRH HciinrnaJI»HbtX nap,aMeTpoB pa6o~aroll{et1 · 
Tpy6KH Tpe6yeTCH 8Ha'IHT8Jl:&HO LieHI,nie-BpElM8HH Ha. ee. TpeHllpOBKY 
(o;n1,1H..;;l\Ba,11aca' BM8CTO irec,KoJI:&KRX cyToK).,/.' .· · .. ·. •.. , 

· Ha,' ycKOpHT8JI8 ar-1 C 8T0!1 Tpy61:ton noJiyqeno Hanpf!2K8Hll8 ·~ MB. npH' 
TOK8 nyti:Ka 85 l,4Ka .• . . . . . . .. 

Ycitoproolll8.a irpy6i(a, HB.Xo;nac:& B aKcITJiyaTaum-1 c Maa _1%4 ro
;na' no !,!!OJlI, 1965, OTpa6oTaJia ]lJIH H]:l8pHO-qJll8litreCKllX aKcnepmreHTOB 
3 ~400 ti:aCOB · 6ea . Kamn,-Jil160 l13M8H8 Hlill xapaKTepliCTl,ll:t. . . . . · . . .. 

•. IlPH~eti:aHlie:·.Iloc~e o(J?OpMJ18Hl,1fl H8.CTOH~~t1 pa60T~• 6WI~ O~y6_:,-·· 
• JiliKOBaHa. cTaT»fi [21] c oril'icaH1,1eM c:iiottcTB ,ycKopa-, 
· · IO!llen Tpy6K1,1 c .. re1rnoHH1,11.i1-1 ncmm,i1,1.:B o-rmitJHe oT ·, 

npe;nhl.1lYllll1X ny6JillKau1,1tt B STO!i CTaTI>e noitaaaH!l 
. ·. ,, ' . '- - ' . ~' ."· ·. ' ' ' 

cxeMa ycKoprooll\ett Tpy61rn; KOHCTpYKUllH SJieKTpo;noB, . 

' .. 

llOKa3aHa 
1 

.xaKlitt'l H83aBllCliMOCTl>. np06HBHOI'O rpa;nooH-¼ 
Ta OT ;na:imeHllfl B Tpy6Ke llilJIOn· ;!\O ;naBJI8HllH rn-3

rop. 
BitcpepnMeHTam,mle. ;naH~ble a»TcipoB yKaaaHHOH cTa'.r:&H ,. 
H 'HaCTOH!llen pa60T!1 HaXO]lHTCR B x_opomeM corJiaci-rn~ 

, 
,_ 

; 
·• . 
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