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AHHOTAilMH 

Pa3padOTaH H HCCBe,JtOB&R KeTO~ ycTpaueHHH KCKaKeHKI H30dpaze­

HKI (~HCTOpCBI) B lOIOrOKaC.ICaJtHHX 3JieB.TpOHHO-ODTJiqecKBX npeodpaao­

B&TeJiax C HCD0~30BaRHeU CH~LBHX K8XHHTHHX noJiel aanpazeRHOCTLD 

AO 3000 a :s pezDe KHoroxpaTROI xaruJJ:THOI <PoxycBpOBKH. Henonso­

Ba!HCL 8KCHaRLHO-CHUMeTpHqaye K8rBKTBHe DOJIR, KaK O~HOPOAHHe, 

TaR H H80~HOpOAUHe• Bo BTOpOM C~yqae KHAeKC KO,JtyJIS~KH &KCRal~BOI 

xo.aoseurs noJis paBRaJiea 0,31. HadBD~anacL ~xyeHpOBK& :snaorL 

)tO II ~Kyca. I30TpO.R8B H CDKp8JILH&S !HCTOpCHB 6YBK DOA8BJI8BH 

.JtO I~ ua uaxcHKaJrl.uou P8JtHJOe, paBao:u 4 ell. 

B CHCTellaX C CHBLHD K&rHHTHlDI llOJleM., OrDa.JtUT J:8CTKBe :rpe­

dOBaHHB K CT8dHJILROCTH 3JIGKTpHqecxoro H MarHHTHOrO DOJiel, a 

Taxze K ~pue HMDYJILCa HanpaEeHHH npE HMnY~LCHOK pezHMe DHTaHBSe 

!HaiH3RpyDTCS ~TOpH, KOTOpHe He 1l03BOJISDT HCDOJIL30B8TL 

B C~eCTByD.HX KOHCTpyx~HRX 30IT'OB THD8 Yl BCe Dpe~eCTBa 

peXHM8 ~KYCHpOBKH CHBLHHU MarBHTHHY DOJieK. 



I. BBE,llEHHE 

O.JtH& H3 rJI&BHHX napalle:rpoB aJiex~:pouuo-on:ru:qecxoro npeo<Spa­

soBaTeJis (30fi), RaE yCHJIHTeJIS SpltOCTH H30dpazeHHI 06~eRTOB C 

KaROl KBTeRCHBHOCT:&D CBeqeHHH, SBJiaeT<:s CTeneHi HCKaEeHHS H306pa-

zeRHS, IIOJiyqaeKOrO Ha BHIO,Jte 3011'a. 3~:H HCitaXeBHH 3aTpy)tHSWT 

noJiyqesue BHCOKOI reoue:rpHqecxol :roquoc:ru o:ro6paxenHs, aanpoep, 

npit HC110Jii30Ba!UIH 3011' OB B aCTpOHOMIU! HJIH npB HadJIJ),lleBHH CJie,JtOB 

qaCTH:U B TpeltOBHI npHdopax S)l;epHOI q,H:JHXH. llOSBJieHHe ,ltHCTOpCHI 

CUiHO YJleH:&IIIaeT llOJieSHYJ) llJIODta)l;i cf>oTOR&TO,J;a, CORpa&l&eT Od'bihl 

HH~pK&I.lHH, nepe.]ta.B&eKOit no SJieitTpOliHO-OllTH'leCROKy ItaH~JIY, a 

HHOr,D;a ,1l8JI&IT npHllei&RHe 300'oB BOOdiJlU HeB03KOZHW4. 

Hsodpazeuxe B npeodpa3oBateJisx c uarHBTHOI qottycBpOBitOI 

HCICUeHO B OCHOBHOJ4 a.HH30TpOnHOI )l;HCTOpCHel, ltOTOpas B03HHit8.9T 

B sJieitTpOHHO-Oll'fHlleCKHX CHCTeMax C a.KOHaJliHO-CJrDOleTpHqHHMB 

SJieitTpHlleCB:D H M&rHHTIUD4 llOJISIMHe rayCCOBO H30dpazeHHe .B T&KHX 

CHC'feKax OR8.3HB&eTCS llOB9pHyTJDl no OTUomeHHD It Od'beXTY Ha yroJI/I/ 

(I) 

r,Jte )-/w, -HaHCSOJI:&JIIee 3H&lleBHe aanpsmBHHOCTH :U:ai'HHTHOrO IIOJIS Ha 

OTpesxe OCH ues)ty IIJIOCXOCTiD npe,1lMeTa l:O H IIJIOCKOCTiJ) H306-

pazeHH.fl 'l : ~~ ; q:::>m - aaudoJI:&mee auaqeuHe no:reunHaJia aa TOM 

xe o:rpesKe ,c; 

G(z)-
1-ltz) 
1-/m 

(2) 

, WrzJ 
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H3 (!) B~o, qro ~Ha rayCCOBa HSOdpazeHHSl yron flOBOpOTa 

He 3aBHCHT OT pa)l;HaJILHOI ltOOp~HHaTH Z TO&KH /1DISl H306pazeHHa. 

O.uaxo, B uenapaxcHaJI»HOI onruxe, HUei>ntel uecro B npeo6pasoBa­

renax, yro11. no:eopora e CTB.HOBHTCSl ¢YHKI4Hel e • 3TO C03~aer 

a6epp~HH, B pe3y11.LTaTe qero flOSlB11.SleTCSl OTCTyn11.eHHe OT rayCCOBa 

Hso6pazeuua, nponopnHoHan»aoe xy6y pa~Hyca/21. Orpesox npaKol 

11.HHHH npeBp~aerca B xapaxrepHy~ ;) -o6pa3HJD KPHBYD• Taxaa 

~HCTOpCHSl Ha3HBaeTCSl aHH3aTpOnHOI H11.H ;) -o6pa3HOI. 

B O,D;HOpO,D;HHX llOJISOC C B3am.mo na:pa.nne11.LHHMH CHJIOBHMH 11.HHH­

JDlK, KOr,Ita 

r,u;e 

~, 

""'( 

' ~ ) ~~ Wjz =--' 2; 

J Vlz~ dz = :l:Z; 
0 l/wfz) 

-I4HK11.orpouuaa qacrora a11.exrpoHa B uarEtHTHOK no11.e 

BOpota B 3THX yCJIOBHSIX 06p~aeTCSI B EY11.L 

(3) 

(4) 

(5) 

(6) 

J-1 111 • YroJI no-

(7) 



~-

O~HOBpeMeaao c 3TKM npon~aeT anm:3oTpoaaaa ~HcTopcma. ITpH 

TaKOI ~eaHbHOI KOH~Hryp~HH no~el H30TpOnHaa ~HCTOpCHH Taxze 

Hcqe3aeT. 

~aaxo, B pe~bHHX npeo6pa3oBaTeJIHX, xax npaBH~o, 3~exTpH­

qecxue no~a B aKCMaH»HOI KOH~KrypaUHH KU6DT 3aKeTHyD p~HaH»HYD 

xoKnoaeaTy. Xaxe B tex cByqaax, xor~a npHHHTH Meps x ~ocTHEeHHD 

xopomel o~aopo~aocTH 3nexrpuqecxoro nona, B03~euHa o~uopo~aoro . . 
MarHHTHOrO nona, C03~aBaeMHe KOHCTpyRi~HBHHUH 3HeKeBTaMH npeo6pa-

30BaTena, KoryT/J/ npHBO~HTb K 3aMeTHOI aHH30TpODHOI ~HCTOpCHH 
aa xpaax nona H3o6paxeaHa. 

!HCTOpCHD H306pazeBHH MOZHO nO)~aBHTb C ROKO~bD cneUHaHbHO 

no~o6paaaux xouqmrypauul 3Hextpuqecxoro H KarHHTHoro none!. 

B qaCTHOCTH, yueH»meHHe aHH30TpOnHOI lCHCTOpCHH KOZeT 6&Tb ~OCTHr­

HytO B xoaqmrypa~HH, xor~a aanpaBneaue KarHHTuoro nona coBn~aeT 

C aanpaBneBHeK napaxCHaH»HHX TpaeRTOpltl 3HeRTpOHOB TOHbKO B 

o~aoK 3HeKTpuqecxou none, 6e3 yqera -~~HHTHoro. E•e B pa6ote/4/ 

dsno noxasauo, qTo noBopor H3o6paxearu[ B Taxol xou~rypa~HH 

OTCYTCTByeT. 

B03KOXHa CHCTeKa C~eYa HHqopKaltHM C 3Kpaaa 30IT'a, XOTOpaa 

aBTOMaTHqeCKH yqHTHBaeT peaH»HHe HCX8l:eHHgiS/, HH60 TaKas nporpaM­

Ma KaTeMaTHqecKOI o6pa60TKH KOOp~MHaTE:HX ~aBHHX TOqex Ba BHXO~e 

30IT'a, XOTOpaa yqHTHBaeT O~H03Baqaoe ~: M3BeGTHOe COOTBeTCTBHe 

ue~y xoop~KHaTaMM Toqex aa Bxo~e u xc~op~MHaTauH Toqex ua BHX0~~6~. 
Haxouen, ~HCTOpCHH HD6oro B~a KOXHO yKeH»mHT» C ROKO~bD 

CHHbBHX KBrHHTHHX nonel, C03~aD~HX ~B;yCHpOBKY H306pazeBMR B 

pexHKe MBOroxpaTHOI ~OKyCHpOBXMe Xauaa.a pa6oTa nOCB~eHa 3TOKY 

nocne~aeuy xexo~y. 
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BeJJHqHHH Cl H of B (8) H (9) BapaxeHH B CK., lj ~/'1- B 

BOJI:&Tax, E- B BOB:&Tax Ha c:u:, H H- B apcte~ax. 

Ana ~OCTHEeHHH ~KyCHpOBKH nop~Ra t7 B EaCR~e ~BHHOI 

L c:u: c O)tHOpo~HmLH nonsua:m BenHqoa 

, L 1-1 
n : 70,6 . Vfj' (IO) 

,ltOJIZHa npHHH:MaTI. ,ltHCitpeTHHe 3HaqeHH.fi n •I,2,3 H T ·~• 

BenHqHHa Lf orpauwqeua CHH3Y suaqenme:u: nop~xa uecxon:&RHX 
~>'Sxoc, u rt .; i 

EMOBOJI:&T, npH XOTOpOM eute )tOCTHI'aeTC.fi K03 BD;HeHT ycUeHH.fi lta.C-

K~a, a CBepxy orpanHqeuHe onpe,JteJiaetca uaxcHMaJ~t.HHM uanpaxeuHe:u:, 

ROTOpoe Rae~ B~epZHBaeT 6e3 npo6oa (IQ-20 RB). IT03TOMY nepexo~ 

OT O,ltHOKpaTHOI ~KYCHpOBXH K UHOroxpaTHOI 06HqHO CB.fi3aH C fiOBH­

meHHeK HanpazeauocTH :u:arHHTHoro nona. Tax xax nap:u:opOBCRHI p~uyc 

anexTpoua y.Meu:omaeTca o6patuo nponopn;Houan:&uo MarHHTHOKY nonD, 

TO aneKTpOHBHI nyqox, BHXO~RDtHI H3 O)tHOI TOqKH qoTOKaTo~a, MOEeT 

Tax cxaT:&ca npH 60JI»mBX YarHHTHHX nonax, qto ero ceqeuHe B 

JID6ol nnocxocTH xez~y xaTo~ou H axpauo:u: 6y,JteT :u:eu:&me pas:u:epa 

npe,Jten:&uo pa3pemae:u:oro ane:u:euTa H3o6paxeuHa. ITocne)tHHI onpe,D;e­

naeTca CBOICTBaMH CHCTeMU H3 JIDMHHOqopa, pa3,JteJIHTeJI:&HOI ITJleHKH 

H ~oToxaTo,D;a MHoroxacx~uoro npeo6pa30BaTena. 

On;eHHM uanpaxeuuocT:& MarHHTHoro nona, npH xoTopo:u: ceqeuue 

anexTpouuoro nyqxa CTaHOBHTca paBHHU pa3:u:epy npe,JteJI:&HO pa3pemae­

Koro aneMeHTa. 3~KTHBHaa pa3pemam-aa cnoco6uocT:& N nap /lUHtlu 

Ha MK ~eaJI:&HOI aneKTpOHHO-OllTHqecKOI CHCTeMH onpe,JteJiaeTC.fi COB­

MeCTHO Eait ,D;Ha.MetpoK ceqeum:a anexTpouaoro nyqxa <l) , Tax H 
. I 

pasxepo:u: xpyxxa pacceauua cl ~ .tVn • llpH atoll 

(II) 
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B npeae6pezeuuu xpoxaruqecxol a6eppa~Hel ~~a o~aopo~HYX 

noJiel noJiytJaeM 

(12) 

r~e a - JiapMOpOBCRHI p~HYC aJieETpOHa, ycpe~HeHHHI no yrJiy 

3KHCCHH H3 ~TORaTo~a, f/1 - 3H&tJ9HHe nOJIH, npH ROTOpOM noJiyqa-

erca ~xycupoBxa nepBoro nop~Ka. ITpmaHMaa lJia yrna 3KHCCHH toro­

axexxpoaoB JiaMdeproBcxoe pacnpeleJieHue, noJiyquu 

10 f7l.< 

ti'=- fRa~&..&-Sm()JO = jz(r/~.:n 6)~C.dJ5inBd&,-j ~~D) 
0 0 

(!4) 

Cpe~Haa aHeprua aJiexrpoHoB, uenycxaeMax H3 cypbMaHo~eaHeBoro 

~OTOEaro~a no~ leiCTBHeM CBeTa C ~JIHHOI BOJIHH 4500-5900!0, 

COCTaBJISeT /S/ 0,6 etf, OTCD~a 

(!5) 

(!6) 

Herxo B~erb, qro ecJIH MarHHTaoe noJie H paBBO HJIH npeBumaer aua­

tJeHHe 

1-1 = .lo" ·!lin 
o VI- ILY: )l 

(Nn J 

(!7) 
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To npH aenpepHBHOM nepexoJ,te or «floitycupOBKH n- ro nopRJ,txa K 

qx>xycmpoBxe ( n .:!' j ) nop~Ka paspemu.J)lttaa cnocodaocr:o ocraercSI 

ue xyze IV JUIHHA aa lOl. Tax, uanp:nmp, ecJIH npHHSiT:& tVn •20 JIPIHHI/ 

o, To .D;JISI coxpaueHHSI paspemeHHSI B npoJ,teJ.[ax 111 • !5 J.[HHJiii/JO.{ 

1-fo •3000 3• .]lJISI THIIHtlHHX 3HatleHHI ~ •10 Cll1 ij •10 KB/KaCK8Jt 

TaxOe IIOJie COrJiaCHO (10) C00TB6TCTBYOT ~KyCKpOBKe IIOpSJtlta 

n ~ 30. lipH CTOJii CHJiiHOI cpoxycHpOnKe OTIIaJ{aeT HeOdXOJ,I;HJlOCT:& B 

BHCOKOI CTadHJI:OHOCTH H8IIpRZ6HHJI H8 KaCita,D;ax, a TB.De 3JieKTpHqec-

KOro TOKa B B03CSyz,lt81JII(el OdliOTlte COJIOHOH,ll;a• I!pH KeHimHX 3HatteHHSX 

n neJIHttHHa H IIi] 
cpo:s:ycupoBKe onpeJ,teJieaaoro nop~Ka. O~:uocHreJI:&HaR paccpoxycuponxa 

- /...L ~ - t>l-1) 
Ll - f 2 Ll J-1 (18) 

ecJIH n. fJ. ~ 2/J , nuaunaex xaxoe Jce yxyneaHe paapem8.1l~el 

cnocoCSaocxu, KaK H ua nepno:M cpoxyce. 

B npormnonoJiozaoct:& axouy, xpeCSonaaHa x <IJOp:Me mmyJI:&COB 

HaiipSIXeHHSI (xopOTKHI ~OHT 1 MaJIHI CII~~ ua IIJ.[OCKOI BepmHHe) B 

pezoe mmyJI.bCHOrO IIHTaHHSI uenpepHBHO CHWia.DTCJI npH nepexo,D;e OT 

cpoxyCHpOBKH 1-ro nOpSI,D;Ka K KHOrOKpaTHOH lPOKYCHpOBite. 

Ha OTCy.J:CTBHe J:eCTKBX TpedOBaJUdt It CTaCSWI:&HOCTH IIHT~BX 

HanpSJ:ZeHHI H TOltOB dHJIO yita3a.HO B paCiote/9/ 1 aBTOpH ItOTOpOA 

npeJ,tJIOJCHJIH H pea.nuaoBaJIH :t.t:eTo.u; CHJI:&HCII ~PaxycHpOBKH B O,li;HOpOJ.tHHX 

3JieKtpHtteCitOK H erHllfTHOK II011JIX. 0IIM!C:aHHHlt Bfgf 4-x KaCK~HHI 
npeoCSpa3oBateJI:&, noKe~aeKHJ B no.11e 1,5 K3 ( h •IO), HMe1l pa3pe­

maDntyD CIIOCOdHOCT:& 10 JIHHHI/IDl H& paCioqeJ qactH !P<>tOitatOJ,ta J,tHa­

lletpOK 3c:u: • HCKUeHHSi yueu:&ma.JIHC:& CiJiaro,ltapa O;ltROpO,ltBOI CTpyx­

Type IIOJIJI. 



IToBe~eume 30IT'oB B ueo~uopo~HHX anexxpmqecxzx nonsx B 

pe:&K:Ue CJ4JiltHOI cpoKyCHpOBKJ4 paHee He JLCCJie~OBaJIOClt. Rla:eDTCJI TOJiltRO 

~a.HHJ:le 0 TOM, qTO OUJ4C8.HHLtit B padote/IO/ 30II J4CfiLtTHBaJICSI B O~HO­
pO~HOK KarHHTHOK none HanpHE9HHOCTltD ~0 450a npH cpoKyCHpOBKaX 

I-ro, 2-ro m 3-ro nop~xoB. EHXO odHapyzeuo aauetuoe y.Keu~tmeuKe 

$- 06pa3HOI JtliiCTOpCHH npH nepexo~e OT n •2 K 1'1 •3• J{a.HHLte 0 

nOBeJJ;eHHH 30IT'OB B H90JtHOp0JtHHX aneR!pHqeCXOK H YarHHTHOK UOJIJIX 

B pexoe CHnltHOI KarHHTHOit <fX>RYCHpOBR.H.B JIHTepaType OTCJTCTBYJ)T. 

TeopeTHqecKHit auanma padoxu 30H'a B ueOJtHOpOJtBHX nonax 

noKa3HBaeT, qTO npH ~OCTaTOqHO don~tmcl HanpaxeHHOCTH uarHHTHOrO 

nona JtOJIXHa uadJIDJtaT~tca cnadaa Bapman,Ha paapema.nntel cnocoduocTH 

npH H3KeHeHHH aJiextpH~ecxoro H MarHHTHoro nonel, a cHX~tHoe noBs­

meHHe KarHHTHOrO nona JtOAEHO npHBO~HTlt K y.M8HltW9HHD HCKaXeHHI. 

l!a 3TOrO HeOdXOJtKMO, qTOdLt npOCTpaHCTBeHHLte H3KeHeHHSI CTa~HOHap­

HHX uarHHTHoro H aJieKTpHqecRoro none~ dHJIH uana ua npota:xeuHH 

JiapKOpOBCKOrO p~Hyca aneKTpoua, T.e., qTOdH C06JIDJt8JIHClt Hapa-

BeHCTBa " j aHi j 
a a X~-< :::::EC f 

}1-lj/ ' 
(19) 

JJ;JIS JIDdHX KOKnOHeHT OOJiel H JID6HX npOC~CTB9HHLtX KOOp~HHaT. 

B 3THX ycJIOBHHX TpaeitTOPHIO ~BDeHHa: anextpOHOB 9 (t) KO:IHO 

npeJJ;CTaBHTlt B BHJJ;e/II/ 

(20) 

~-
tyux~a C(i) onHcsBaeT rpaexxopHD ~BmxeHHa: Be~~ero 

I.teHTpa, a 4>YHKI.tHSI a (l} 3~aeT Bpat~taTeJiltHOe JtBUeBHe BOKpyr 

TpaeKTOpHH Be~~ero ~eHTpa, C UHXJIOTpOHHOI qaCTOTOI H p~HYCOM1 
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d~Haxxu x ~apuopoBcRoyY. TpaexTopHa Ee~~ero ueatpa npaKTRqecxH 

OOBn~aeT C C~OBOI ~HHHel MarHHTBOrC nona. YCXOBHH (19) xopomo 

BmiOJIHS:DTOH ~JIS: THOH"'IBHX KOHtPTrypa,ultl noJiel, npHK8HH8llHX B 

30IT'ax. rroatouy nepeuoc uao6pazeuHa cy~eT npoHcxo~HTL B~OJii Tpa­

extopHA B8~~HX U8HTpOBt BHXO~S:~HX HS pa3JIH"'IHHX TOti8R o6DeRta 

Ha 4)<>To:rtaro~e. 

Yxo~ ne~~ero neurpa c onpe~eiLuol cHnoBoK JIHHBH MarHHT-
. . 

BOrO fiOJIS: BHSHBaetcs: EOKnOH8HTHOI CKOpOCTB 

---?> de u .J. ;:::. ci 1:: ' (21) 

nepneH~HRYJIS:pHOI K aanpaBJI8HHD CHJIOBOI JIHHHH B ~aBHOR TOqKeo 

B paccuarpuBaexou 3~ec& cnyqae ata xounoueura panua/11/ 

(22) 

r~e 

(23) 

-~ m -~ IU.1. 
L! I'YJ = e 1-1 :z • H x c i . ct J 

(24) 

--Ex!-/ 
J-1~ 

(25) 

H3 (23), (24) B (25) B~HO, qTO BCe COCTaBJis:D~Be nonepet~HOI CKO­

pOCTH Lf~ DpB H8H3M8HHOI ROH~rypaUHH noxal H ~KCHpOBaHHOK 

ctpexs:Tcs: x uynm, xor~a r/ ueorpaauqeuuo Boapactaer. rroaxouy 

npH ~OCTaTOqHO 60JiimHX MarHHTHHX DOJIS:X TpaeKTOpHH 3JieKTpOHOB OKa-

3HBaDTCS "npHBS:3aHBYKH" K CBJIOBHM JIKBBS:M MarHBTBOrO DOJIS:e 3TO 

03BaqaeT, qTO ~aze B H80~HOpO~HHX KarHKTHHX OOJISX ~BCTOpCHS: H306-
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pazeaHa ~oxzaa y.weubmarLca. MaxcHxanLaoe no~aBxeuHe ~HcropcHH 

dy~er ~OCTHraTLCS B ycXOBHSXt ROr~a CHXLBOe MarHHTHOe none odxa~ 

~aer nxocxocTLD cHMUerpHH, a caua nnocxocTL cKUUeTpHH pacnoxoxeua 

Ha paBBOM paCCTOSHHH KaR OT ~TORaTO~a, TaR H OT sxpaua (pHc.1). 

CMe~eHHe 30II'a OTHOCHTeXLHO STOI nnOCROCTH CHKMeTpRH B~OXi OCH 

~ dy~er conpoBo~arLca noaBneuHeu ~HcTopcKH usorponuoro xapax­

Tepa. 

OnHCI:mae&e HUe OULI'rli dWIH BHIIOJlH6Hii C 30II'rum THna YM-95 

H Yl-16aii2/, ROTOpHe noue~&nHCL B npO~OXLHOe MarHHTHOe none Han­
paxeHHOCTbD 4000 34 

3. OTIHTH C 30IT'aux B CHHbHOM OlHOPOlHOM 

IDHHTHOM IIOJIE -
lxa H3yqeRHS xapaKTepHCTHK 30II'OB B CHXLHOK OlHOpO~HOM Mar­

HHTHOK none dKJ H3rOTOBXeH coneHO~ ~HHHOD 100CM H BHYTpeHHHM 

~Haxerpou 18 eM. Coneao~ codpau H3 51 cexnuu, uaworauuol MelHOI 

TpydKOI C Hapy.EHHM ~HaMITpOU 0,8 CM H BHyTpeHHHU 0,4 CU. CeRUHH 

CO~epzaT OT 14 lO 18 BHTXOB• Hapy.EHHI H BHyTpeHHHI ~HaKeTpH cex­

UHH paBHH 34 CM H 22 CM, COOTB6TCTBeHRO. CeKUHH COelHHeHH no TOEY 

nocne~oBaTeXiHO c noMOIJtLIO Ke~wx HaEJl3JtOK. IIapa.nxeJILROe coe~HHe­

RHe ceKUHI no BO~e npH ~aBJieHHH 3 aTM U03BOXaeT CHHMaTb C OOJie­

BO~a pacceaHHyD MOIJtHOCTL ~0 75 KBT. 3JI6RTpHqeCKOe COUpOTHBJieHHe 

COJieHO~a paBHO 0,3 oua, qTO COOTBeTCrByeT MaRCHllaJILBO ~onyCTHJlO­

My TORy B 500 a. 
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Cn~ nona ua xou~ax coneuo~a 6~1 cxouneucHpOBaH ~o6aBne­

HHe:u: qe:rapex BHTKOB B IO xpaHHHX C8XI.tJISX • Topnu coneHOH)ta, 

H3rOTOBBeHHH8 H3 :z:ene3HilX quiaHI.t8! TOJIElHHO! 2,5 CM C OTB8pCTH814 

~HaKetpo:u: I8 eM no ocH coneuo~a, yuen:omanH aqxpex:r pacceauuoro 

noJia. tJia.HD;H coe).tHHS:JIHC:& :u:e~:~y codol I2 zenesuwm nnacTHB8li:H 

ceqeHH8K 8 X I CJI.2 (PHc.2) • BJIHaHHe Tc~KOI "6pOHH" Ha KOHqmrypaD;HJ) 

noJia pacct~HTaT:& TPY.ltHO. rroaxouy B HyJ:eBOM npH6nHXeHHH oueHHBanoc:& 

none, cos).taBaeKoe 6esxene3HHM coneuou;;o:u:. HaHJiyt~mas O).tHOpo~uocT:o 

nona 6HJia ).tOCTHrHy:ra 3aTeM nyTeM 3aXOJatlHBaHHSI OT).teJI:DHHX KOH~e­

BSX cexn;HI coneaom).ta. 

Pacnpe).teneHHe aKCHaJI:DBOI KOMOOH6HTH nona r/z B,ltOJI:D OCH 

COJI8HOKX& npB 3aROpOq8HHHX ceKI.tHaX i 6 H ~ 42 ).taHO Ha pHc.3. 

B TaKOM BapHaHTe COJI8HOH).t C03).taB8Jl none H8npSili:8HHOCT:DD ).tO 4000 3 

C O).tHOpO~HOCT:DD ~I~B uHJIBH,ltpHqeCKOM o6Qe:u:e C ~HaKeTpOM 10 CM H 

).tJIHHOI D;HJIBH~pa 60 CKe HeO).tBOpO~BOCT:& B03pacTaJia ).tO ~~ Ha ).tJIHHe 

79 cK. 30ll noxe~~c~B ~euxpan:&nyn t~acT:& coneuo~a, r,1te O).tHOpo,lt­

HOCT:& nona ~ana nyqme ~I%. 

HcnH:raHHa CBO).tHJIHC:& R BH3Y8Jl:&HOMY H ~OTOrpa~qecROMy Ha6JID­

,lt6HHD H306pazeHHSI KHp• Ha 3Kpane 30ll'a, H K H3MepeHHD ~HOBOrO 

CBeqeHHS axpana C nOMOilt:&D t3Y t pa60TaDJ)tero B JIHH6IHOlt 06JiaCTH 

(pHc.4) 

I. .Kax H o:a:Qanoc», ucxazenua H:3o6paxenHa 6HCTpo yMeH:&ma­

mTca npB YB6JIHq6HHH HanpaxeHHOCTH KarHJIITHOrO nOJISI H nepexo,Jte OT 

nepBoro 4Joxyca x donee BHCOXHl4 (PMic.s) .• :SI:VIo ua~eno, t~To ).tJis: 

YM-95 

/-I 
h :::::. 0, 1.; 81([/' ' 

(26) 
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r~e H- n apcxe~ax, Ll- B non»rax. 

0CTaTO't1HaR aHH30Tponuaa ~HCTOpCHH A~ Ha paCCTOSIHHH 2 CM 

or ~euxpa ~roxaro~a npm:se~eua B Ta6n.I. 

~ 935 !280 1680 
. 

11 e, pao 
(4,2,:t0,2) (I,5..t01 2) (I,O.;t0 1 2~ 

ro-2 ro-2 I0-2 

LlZ 2 H3orponuaa JtHCTopcm:a ·-:z- pa1ma (014.:t014)•IO- npm: 

H•I680 a ua TOM :a:e paccxoaHHH ox tteHT]>a ipoTOEaTO.Jta. TaxHY odpa3oM, 

yxe npH none H:::::; I, 7 xa H U •6 x:s/KaCKB.Jt, HCKa:a:eHJUI H3o6pa:xce­

HHSI B Kpyre p8JtHYCOM 2 CM He npeBimia.D~~ I%. 

Pa3pemam~aa cnoco6uocr» pa:sua 3~~ nm:uma/MM ua ueraTHBe H 

!4 nmum!Vw ua aKpaue. IIocne,~tuee 3Hatwume cne~yer paccKaTpHBat» 

xax HHJ:HDD rpa.HHey pa3pemaJO~ea cnoco6E:ocTm 30IT'a :a none 1-1 •11 7 xa, 

Tax Ita.It npH cpoxorpacpupo:sa.Jutm pa3pema.mu;aa cnocoduocT» :scel ycTa­

HOBKH onpe.n;enaJiaCb JtaqeCTBOK o(Sor,eKTHBS. 02, reJIHOC - 401 -z:>j-..: j,' 6 

2. ITpH mcnHTa.HHSIX 6w10 oduapyxeuo, 'tiTO nOBHUleume xarumr­

uoro nona npH cpuxcmpo:sauuoK nanpaxeHHH ua xacKaJtax conpo:so:a:~aerca 

ycmJieumeu ipouo:soro c:seqeuHa axpaua, muen~ero xapaxrep uecipoxycmpo­

:sauuoro uep~auma. no uepe y:senmqeuma uarumruoro noJia c:seqeume cra­

ao:smrca uecxadHJI»BHM H 3atex nepexo,~tmr B apxHe :scnsmxm. 3ro a:sJie­

HHe npenstTCTByeT )J;aJihHelmel(y fiOBHm9HHn KarHHTHOro UOJISie 
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Ha pHc.6 noxasa;a THnH'tlHa.a saBHCH:MOCT:o :uaKCH:Ma.JI:DHO ,ItonycTHMOI 

HanpoeHHOCTM Kai'HHTHOrO nOJIJI OT Haiip;iiJ:6HHJI Ha Ka.CXa.,lt6 • 

H3M6p6HHJI TORa y:retlltH KaCICB.,ltOB fit)Ka3a.JIH, liTO 6e3 MarHHTHOrO 

noJia npH L! •IO KB/xacx~ :rox yTe'tl:tM paBeH 5•10-9 a. IIoBmneHHe 

MarHHTHOrO nOJIJI CODpOBOZ)taeTCJI 6HCTp~ pOCTOU TORa yT6'tlKH, 
7 ,8 r.•MeH .. ~!fi!J. 

KOTOpHI ,n:OCTHraeT ~ !0- a B noJie H•l:t 5 K3. TOK yTe'tlKH OTa.HOBHT-

CJI ot~ea:o HecTa6KJI:DHHM, H B uexoTopux o6pas~ax 30II'oB .JtOCTHraeT 

B61IHtlHHJ:l l0-4a npH Hanpsa:eHHH Ha KU.CR~e Bcero H6CKOJiliKO KBJIO­

BOJI:DT. laJI:DHelmee YB6J1Htl6HH6 MarHHTHOrO DOJIJI npHBO)tHT K 31I6KTpH­

'tl6CKO:Uy np060JO KaCit~a. 3aBHCiD40CT:& SI]>KOCTH CB6'tl6HHJI OT HanpaeH­

HOCTH KarHHTHOrO OOJIJI )taRa Ha puc.7. 3Ta 3aBHCHMOCT:b CT&HOBHTCSI 

6oJiee ItpyToH, ecJIH HanpSixeuHe no,ItaT:o na -qe:r:wpe nocJie)tHHe xacx~a 

(pHc.a). 

Hcn:s:raaHa 20 o6pasnoB xaclt8,JI;a ~:Hna Yll-95 nosBOJiaDT c,JteJia:r~» 

BHBO,Jt 0 TOUt liTO TaKOe noBe,IteHHe KaCK~~OB SIBJIJ16TCJI THnH'tlHHM, XOTSI 

OT 06pasna It o6pa3Izy Ha6JID,]taeTOSI pa36!10C KpHBHX:t 8.H8JIOrH'tlHUX: 

npHBe,n:eH~ ua pHc.7 H pHc.a. 

YCTOlt'tlHBOI pa60TJ:l npeo6pa30BfLTeJUI Ta.IClte He Y.Jt&6TCJI JJ;OC­

THrByT:b npH HMnYJI:bCHO:U pe:a:KMe no,JtatlH Hanpazeuua. B qacTHOCTH, 

6HJI HCDWTaH TaROI Bapi:aHT HJmyJI:DCHOI r:epe,n:aqH Ha.n:pa:a:eHHJI Ha 30II' e, 

npu xo:ropoK rrpaMoyroJI:DHHI mmyJI:oc HanpaxeaHa no)taBa.nca Ba Bee 

ItaC~H mecTHKaM6pHOrO 30IT'a qepe3 eME:OCTHOH )t6JIKT6JI:b• MMoyJI:DC 

OT reaepaTOpa HUeJI CJI6.JtyDUUI6 napa:M:eTpLr: aJmJIKTy,n:a - OT 10 RB )tO 

50 RB, )tJIKTeJI:ouocT~» - o:r I Mcex .ItO IOO Mcex, BpeMSI aapacTaaHa 

nepeJJ;Hero ~pou:ra - xopoqe O,I MXcex, cna.n: aMnJIHTY.ltH Ha nJiocxoH 

BepmHHe - :ueHee I%. 
lJISI BHJICH6HHJI npHpO,JtH a:roro JIEJ16HHSI O)tHOKaCita.,ltHH6 o6pa3UH 

03IT1 0B llOMe~a.JIHC:b B 3a30p 3J16KTpOMarHHTa C npKUepHO OJJ;HOpO.JtHHY 

MarHHTHHM noJie:u B sasope H ua6JID.Jta.JIHC:b BH3Ya.JIJ»Ho. Eano sa:ueqeuo, 
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qTO B K8fHHTHOK none HanpazeHHOCT:bD B HeCKOX:bKO COT 3pCTe~ DOHB­

XSieTCH XOKaH:&Haa XDKHH9CUeHUHH 60KOBW: CT9HOK KOX6H 30IT'a (pmc.9)o 

llpH ~M:&HelmeK DOBlmleBJUI MarHHTHOrO DOJISI 06XaCT:b CBeqeHHSI C~BH• 

raeTCSI OT 3Kpa.Ha B CTOpOHY €P<>TOE8TO,lta. 06pa3UH C HaH60n:&meK 

uecta6HXiHOCT:bl) padOTH B CHX:DHOM MarHitTHOM DOJie Hli9JIH BaH60Jiee 

.qetKO BHpUeHHOe CBeqesme CT8HOE KOJI6Uo 

3TH Ha6Jll),lt8HHSI DOSBOJISII>T C,JteXaTl• BHBO~ 0 TO:U:, qtQ CBeqeuHe 

CTeHOK XOJI6H BHSBaHO 3JieKTpOHaJm, KOTOpHe o6pa3yJ>TCS B6JIJ/I3H XpaeB 

MeTaJIXH38UHH BOKpyr cpOTOKato~a BCXe~c~~BHH 8BT03JieKTpOHHOI 3KHC­

CHH H sate:u:, JCKOpHBmHC:D 1 non~aDT Ha 60KOByD CTeHKY KOJI6H. 

3TO npHBO,IJ;HT 1 C O~HOI CTOpOHH, K JIDIOUreCD;8H!lHH CTeKna H no~caente 

~TOK8TO.Jta, a, C ~yrol CTOpOHH, K HaJ:OnJieHHD noBepxHOCTHHX sapa­

,Il;OB Ha cte:&Jie c nocJie).tyJ>BUUI aJiextpHqec:xo npo6oeK B Baxyyu ·no 

OOB8pXHOCTH CT6Uao 3TOT BHBOJt DO,ltTBepz,n;aeTC.fl TaDe Te:u:, ttO B 

cneUHaH:&HO HsrotoB•esuY.X o6pasuax npeCt6pasoBateJiel, He DeD~HX 

uetaJIJIHSaUHH Boxpyr ~:roxa:ro,n;a H cHa6J:euuwx ueTa.nJIHqec:&HM KOJI:&­

nou - XOBymKoK, KOtopoe DOIIeutaJIOC:b OE(IJIO CT8lCJI.fiHHOI CteHitH EOJI6H, 

DOSIBJieHHe CBeqeHHS Ha6JID,JtaJIOC:D npH Cl~9CtBeHHO 6on:&mHX MarHHTHHX 

DOJISIX, ttell B 061il1HHX o6pasuax (pHc.IO). KOHCtpyxTHBHOe HCDOXHe­

HHe o6aquoro H MOJtH<P:m:n;xpoBauuoro o6pa~:uoB noxasauo ua pmc.II. 

Hcnu:ra.uma tpexitacxa.ztuoro npeo6pasoBateJIH c liOJtH<PJ!nmpoBaH­

HHMH ItaCK8.Jt8JOI noitasanm, ttTo TaitOI npe~o6pasoBaTeJI:& pa6oraet yc­

TOitzHBO BDJIOT:b )tO 15 KB/KaCXa,lt npH Jlai'HHTHO:U: none ,11;0 3 K3 

(pmc.I2, pmc.I3). 

Ha Sltpa.He ,ltHa.JletpOM 5 CM HCKUE~HH8 He HU6JID).taJIHC:D B npe,11;e­

Jl8X TOtiHOCTH HSMepeHHI ~ 0,~. 
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Taxol npeo6pa3oBaxenL yctolqHBO pa6oxaB xaxxe H B xunynLc­

uou pezxue. Tax, B none H•2,65 xa uanpaseHHM li •12,5 KB/xacxal 

H :wmynLce ,ltJIHTeBLHOCT:&D 0,1 D:CeK C 8lmBHTy,JtOI 4,5 KB npH CTa­

THqecKOM "no~nope" aanpaxeuueu 4,5 KB ua xpeTLeK xacxa,~te 6sna 

nonyqeaa pa3pema»~as cnoco6uoctL B 8 nmaHl/KM aa ~Toxato,Jte. 

AHa~orxqawe pe3ynLTaTw 6unu non~eaw ua qexapexxacxa,JtHHX 

30IT'ax xmna YM-163 (pmc.I4). Ecnu B none H•230 a ( n •2) aHH30Tpon . 
uaa ,JtHCTopcHa nopa,Jtxa I~ noaBnaexca, uaqmaaa c pacctoaHHa 

Z •I, 2 CK1 TO B none H•2000 3 ( n •20) HCRUeHJUI BenmqHHOI :8 

I~ nOSBBSDTCS H8 paCCTOSHBH 31 7 CK OT ~eHTpa, aHa KpaD nona 

H306pazeHHS ,ltOCTHraDT TOBLKO 2%. 

3. llpH HCCBe,JtOBaHHH S~KTa paC~RYCHpOBRH B MarHHTHOK 

none 3 xs snexxpHqecxae H MBrHHTHOe none nnaBHO xeaanocL, qxo6w 

nonyqHTL nepexo,Jt OT HCXO,ltHOrO nopa,JtKa ~KYCHpOBKH X COCe,JtHHU 

nopa,Jtxau. He o6aapyxeao yxy~euua pa3pemam~eH cnoco6uocTH B 

npe~IIIZ 10 RHHHI/KK. 

Pe3ynLxaxu npoBe,JteHHHX onHTOB nosBonanT YTBeps,JtaxL, qto 

HcxazeuHe H3o6pazeuma ua sxpaae 30IT'a c~ecxBeuuo ygeuLmaexca, 

ecnH 30IT c ueo~opO,ltHHM anextpHqecxHU noneu nouecTHT:& B o,Jtaopo,Jt­

Hoe KarHHTBoe none uanpaxeuuoctLD oxono 3 xa. Pa3pemam~aa cno­

co6uocTL ocxaexca npaxtHqecEH uem3ueuuo1 npH ue6onLmHX H3Meue­

HHHX HanpazeHBOCTH noneH. 

~Haxo, HCnHTaHBUe 06pa3UH 30ll'OB pa60TaDT B O,ltHOpO,ltHOU 

KarHHTHOK none HeCTa6HBLHOe llpHqHH8 T8KOI aecta6HBLHOCTH COCTOHT 

B TOK, qTO 3BeRTpOHU, BHpHBaeuue C KpaeB ~OTORaTO,Jta HBH OKpyza­

D~el ero KeT&nBH38~HH, nona,JtaDT npH YCKOpeHHH Ha 60KOBHe CTeKRaH­

HUe CTeHKH KOB6H H BH3HB8DT CBeqeHHe 3Kp8H8 HBH npo6ol. 
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rroatoKy pa6o~ee uanpazeuHe ua xac~ax 30IT'oB Tuna YM-95 npuxo­

.1tHTca CHD8TL, ,ltaJ:e npH RanpmceHHOCTH w:arHHTHOrO DOJIJl HD:e I Ita. 

Tex ue Meuee, noxe~euue 30IT'a B o~opo~noe xarux:ruoe noJie oxa-

3aJIOCL rexum~ecxx BHDOHHHMHK H no~e3HHM. Tax, uanpKUep, sxcne­

PHMeu:rs /I3+!6/ 6HRH BHDOJIHeBH C DOKO~bD 30IT'a, HCDOJIL3yexoro B 

Ka~eCtBe apKOCTH H306paxeHBJl TpeKOB B li30TpODHOi pa3pR,1tHOI EaMepe. 

HanpsmeaHe Ha Ita.CK8,Jte paBHJIJIOCL 9 RB/KC1Clt8Jtt MarHHTHOe DOJie 

0,8 + 0,9 K3 H n •4+5. 

Jl,na TOrO ~T06H npO,ltBHHytLCB B o6;':1aCTL 6onee BHCOKHX MarBHT­

HHX nonel npH c~eCTByD~el KOHCtpyx~H 30IT'OB H nonyqHTL e•e 

6onee CHHLHHI 3~KT fiO,ltaBJI8HHB HCEaE8HHl H306paxeuma, He06X0,1tHMO 

6HJIO yctpaHHT:& HeCta6HJI:bHOCTL pa60TH 30ll' OB B CHJILH:SX: MarHHTHNX 

nOJIBX• M3 CK8.3aHHOro BHme JlCHO, ~TO )t~iJl 3TOrO He06XO)tHl40 OTBeCTH 

nOIOKH 3HeKTpOHOB OT 60KOB:UX CteHOK KOJI6H 30II'a. 3TOrO KOJ:BO 

,ltOCTHrHyTL nyTeM Taxoro H3MeBeHHS KOH~HrypanHK CHn:bHOrO uar­

HHTHOrO nona, ~T06H CHJIOBHe JIHBHH noJia npH YJtaJieBHH OT ~TOKa­

TO,Jta CXO)tHJIHCL K OCH. ECHH KpOKe 3TOrO fiJIOCKOCTL BHMKetpHH CHJIL­

HOrO llai'HHTBOrO UOJIS COBMeCTHTL CO cpe;~Hel UJIOCKOCTLil K8CKa.zta, 

TO B 3THX YCJIOBHBX MOllBO OEH,]t8.T:& nOJIHOro UO)taBJieHHSI .J;HCTOpCHI. 

MarHHTHOe none ,ltJIS MHOrOita.CKa.ztHOrO 30IT~a ,ltOJIJ:HO HMeTL nepH0,1t 

MO)tyJia~HH, paBHHH ,]tJIHHe KaC~a. 

IIepBwe axcnepoeHTH 6HJIH npoBe;~eus c noxo~»D cmc:re:us 

zeJie3HHX KOJien ,ltHaKetpOK !8/14 CM,TOJI~MHOI 7 CU H 3830p0K MeE,Jty 

KOJILUaKH 3 CU. rny6HH8 MO,]tJJISnHH aKCH~tLHOI KOMUOHeHTH DOJIJI 

paBHSJI8CL 

(27) 
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HenstauHe B raxo• no~e 30II'a rxna Y.M-95 noxasaRo onpe~e~eu­

uoe y.MeBiZ8BHe BeCta6H~iHOCtel, H D0~63BOCt5 BBe~eHHS KO~Y~R~HH. 

O~uaxo, excxe.a zenesuwx xone~ ue noseonana c~pMHpoBaTi none 

C dOBimOI rny6HHOI MO~XRUHK, B oOLexe, rpe6yeMBK pasxepaMH 

npeo6pasoBaxe~a YI•I63 c nonessHM ~xauetpow ~xoxaxo~a 8,9 ex. 

rrosro~q ~JIJI ~aJiiselmn axcnepma:euroB ljHJia usrotOBJieua cxcxee 

6pouxpoBaRBHX zenessHX xaxymex, ~p~py.o~HX noxe rpe6yexol xo•­

tPHrypa.uHx. 

4. OllliTH C 30II' 8.KH B OHJil>HOI HEOJlHOPOJUIOI 

IAI'HHTHOM IIOJIE 

HeO~HOpO~HOe K&rRHTHOe none ~pKHpOBaJIOCi CHCT8KOI H3 6 

llarHHtiHX Ea1'ymex, CMOHTHpOBa.BHICC COOOHO Ha 0611(91 {flepMe (pxc.I5). 

0CHOBHH9 napaxeTpll C:ICteW: paCCTOJIHHEJ KeQy cpe,ltHHKH DJIOCKOCTSIJOI 

xat,.ex !6 ex, qucxo BHTXOB B xarymxe ~ 40, JtHauerpH rpy6xx 01 7 B 

0,4 CM. Jla.B:CHK8JI:bRHI pa6oqJII TOE npH ll0Jt1lll011 OXJIU)I;8BBH - 300&, 

JIOIJUIOCTi t CHHMa8Jl8Jl C 6 xarymex, paBHEL 22 ltBT t lre.&CDUUIJJHast Ha.n­

psmeBROCTJJ DOBR Ha OCH - !!50 a. Pacnpe~eJleHJie DOJ[S B~OBJJ OCH 

noitasuo sa puc.I6. rro aro JJ;aBHLDL :u:oJ:Ho o~eBHTi xou(lllryp~:rm 

IUOBHX JlJIHlll DO~a Ba paCCTOSHHII OKOJICI 5 CK OT OCH xarymelt 

(pHc.I7). 
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las no~yqesHa to~ectBexsol xaptHBH no~a BO Bcex xae~ax 

4-x xacx~oro npeodpa3oBate~R, qme~o xatymex 6~o BHdpaao paB­

BHK 6. ITpH ato:u aa6Rm~anca en~ nona n od~acru qotoxato~a no 

cpaBH8HD c noJie:u na cpe.u;amx xacxa.tta.x: ,, npoepao a a 4~. 3rot 

Cfia,D; MOXBO dHIO yctpaHHTh nyteM He3BaqBt8JILHOrO fiOBHmeHHR TOEa 

B036~8HBSl B RpaiHHX R&Tymxax, O~HaKO H3•3a CJIOXHOCTK 3JI6RTpH­

qeCROI cxeKH fiHT&BHSl OT 3TOrO np&JIOCl• OTKa3at:&CSl H BC8 ItaTJDIKH 

6HXB C08~H6HH DOCR8,D;OB&T8JILBO.· 

Hcnraas:wa 3aKJID'CiaJIHC:& B ua6JII)~E~HHH onrHqecxol ~mpu, 

ltOTOpU npoeRTHpOBaJiaCL Ha cpoTOitaTO)t aOIT'cx qepe3 oCSt,eRTHB THna 

r-53 C qK>KyCHHM paCCTORHHe:U f •20 CU: CB8TOCHJIOI ~ •1:8 

H pa.3pema.mqel cnocot1uoct:LD B ueatpe noJia 35 JIHHHlt/D. reoKeTpH­

qecxoe JIHHelsoe yxes:&mesue paBHHJIOC:& i•• H3odpazeaHe ua axpaae 

30IT'a ~TorpatMPOB&IOCL C y.M8HLm8HH8X B 2,6 pa3a o6&eRTHBOK 

roro ze rxna co cBetocuol 1:8 na nneJute Mupar-300. !IpH atoll 

Btopol o~extHB nepe.n;aBaJI c axpaua se 6oxee 14 JIHHHI/.x. Ha PHc. 

18 npHBeJteHH 3Haqexu toxa B xarymxax:, npH xoropHX peux3yerca 

q,oiCyc:epoBEa Bl1JIOTL ,~to 11-ro nopa,Jtxa npm: sanpazeBHH 9 RB/xacxa.tt. 

rropa,D;OK q;oxyc~OBKB B YM-I63 110)t'CIHHSlHTC.S: 38BHCHXOCTH 

1-/ 
h =107•- (29) ; (U. 

tororpaq.H H3o6pazeBHa uxps sa aKp&Be npH Lf •9 KB/xac~ 

noxa3aHH ua pmc.19. 
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I. ITpH DOB~eHHH HanpazeHHOCTH ~arHHTHOrO nona H nepexo~e 

x ~oxycHpOBKaU donee BHcoxoro nop~xa, ua6Am~ae:roa pesxoe yueu»­

meuHe -~HcropomA. Ha Pmc.20 npHBe~euu suaqeaHa H30tponuoa ~Hctop­

CHH, H3MepeHHHe npm ~Byx 3HaqeHHSX TOKa B KaTymRSXo no OCH adc­

~CC OTBOXeHO paCOTORHHe OT ~eurpa ~TOKaTO~a ~0 H3MepaeMOI 
. . (tl'l) 

TOqRH. no OOH Op~HHaT- B8BHqHKa OTHOCHT8BiHOrO OTKHOHeHHS l~ 

aa6x:o~aexoro H3o6pazeuma or rayccoBa Hso6pazeuHa. KpHBue, npoBe• 

~eHRHe no sxcnepKMeuran»HHM roqxau, oaHOHBaDTca RB~pa:rmquHUH 

napadoJiaJ.m 

(n :::11) (30) 

Oo:ra:roquaa ,D;HcTopcma, ua6JI:o~aeMM npm h •li, Mozer 6HT» YJi8H»­

meua ny:reY 6oxee roquoro COBU8J118HHJI ~·3Htpa.JI:&:a:olt nJIOCitOCTH Kac­

Ka.Jta C UJIOCROCT:&I> CWOleTpHH KarHHTHOrO UOJIS. 3HaR W30rpORHOI 

,D;HCrOpCHH 3aBHCHT or nopa~Ka CJie,D;OB8.H1.1S 3THX fiJIOCROCTel. 

~OTOrpa~H, npHBe,D;eBHHe Ha pmc.I9, H ~~aHDHe pHCo20 6HJIH TIOJiyqeHH 

B YOJIOBHBX, ROr~a C~BHr M8JC~y nJIOCROC:~sum paBHSJICa I Clh 

CnHpaJI:&Han ~HcTopcma, msuepeuuwi B rex xe ycJIOBHax, npH­

Be,D;eHa ua pHc.2I. B xaqecTBe xapaxrepllCTHRH ~HcropcHH B3aT yroJI 

Ll 8 18. pateCTOHHHH e •4 CM OT U8llTpa ~roxaTO,Jta. KpHBaSit 

npOBe,JteBHB.H Ha pHCyaRe, COOTB9TCTByeT 3aBHCHKOCTH 

(3I) 

YJtOB119TB0pHTeJl:&HO OfiitCHBa.J)lll9t.f 3aBHCHIWCT:& ll e Ot HanpaxeHHOCtH 
n oJI.a npm J-/z 7 500 a. 
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TaKKM Odpa30K, IIpH HanpazeHHOOTH KarHHIHOrO nona OKOHO 

I K3 H30TponHM H om~pan»HM .IJ;mcropcm.il ue npeBumanT I~ B xpyre 

p~HYCOK 4 ex, a B uea:rpan»HOI qaCTH ·PDTOKaTo~a HK9DT 3HaqHTeXiHO 

xea»myD BenHquay. 

2. HpKOOT» ~HOBoro eBeqeaua axpaaa H oTenea» aecradmn»­

HOCTH Ranpaxeuu sa :rtaclt&,l{ax CHJI»HO 3·5LBKCJ:T ot noxozeuua 30IT'a 

OTHOCHT9XiHO KatymeK COXeHO~a •. iOBOBOe CBeqeaHe etaHOBHTCa KH­

HHKaHiHHM, ROr~a ~eRTp&niHaJI nnOCKOCT& RaCK~a COBn~ae:r B npe.Ite­

~ax ~ I CK C nnOCROCTiD CHMKeTpHH EaTymex. 

3. IOHOBOe CBeqesue 3Kpaua H HeCTadHHiHOCT» OKa3anHCi 

HaHdOBiWHKH npH TOKaX 75 + I80 a, a npH IIOBHmeHHH TOKa CBHme 200a 

BeCKOXiKO YK6RimaDTCa. lueBHO 3TO n03BOBaeT padOT&Ti B pesHMe 

MHOrOKp&THOI ~KYCHpOBKH npH ~ocra:roqao dOBiWHX HaiipKE9HHRX Ha 

xac~e. B o~aopO.ItHOM none raxoro aBneuaa He BadnD.Itae:rca: 

IIOBHm8HHe aanpazeBHOCTK KarHHTHOrO nona IIpHBO,II;HT X KOBOTOHHOMY 

B03paCTaHHD apROCTH ~HOBOrO CBeqesHa M ReCtadHHiHOCTH HanpszeBHS. 

4. Pa3peman•aa cnocodsocti B cra:rmqecxox pexHKe paBaa 

IO BBRBI/KK IIO BCeyY 3KPaHY BBH 7I0 BHBHaK Ha Bee» ~KaKetp. H306-

pazeHBS H~_alpaae. DP•'trox_~~~euus cocraBXHDT xeu»me I%, a 

rpedyeuaa :roqaoeti no~epzasua noe:rosaetBa aneKTpHqecxoro nona 

COOT BeT CTB yeT 

' 
(32) 

a KaraBTHoro nona 

(33) 
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Pa3pemMuta.a cnoco<SuocTL B mmyJIJ>I:HOK pexoe no,ttaliH uanpa­

xeHHS1 H3Kepanac» B cJie.JtyJ>utHX ycJIOBHax .• Ycta.HOBltB. co,JtepxaJia 

5 xaTymex C 06KOTKOI no !0 BHTKOB B ~UE,JtOI. f4y8HRa KOJtYJIS1UHH 

KUeJia TO ze 3HaqeHHe, hn •01!4, HO cpe,JtHee IIOJie 3aKeTHO II~aRO 

H3 .... aa xpaeBoro aqxpexta ua IS~ B o<SJia.cTH nepBoro xac:Ka,D;a. IlpH 

:MaiCCHJI8JILHOK TOKe B 360 a H HanpsmeHHl~ !0 ICB/KaCEa,JJ; 6WIO IIOJIY­

qeuo H306pazeHHe J-ro rpOKyca. DaOK-CXt~Ka :w.myJIJ>CHOrO IIHTaHHJI 

)taRa Ha pHc.22, r;te yKa3aHH HCXO,li;HHe :3HaqeHWI IIOTeHnJ{aJIOB. 

0KOHllaTeJILHHe padoqHe 3HaqeHHS1 IIOT8HI(H8JIOB IIO,Jt6Hp8JIHC:D IIO­

KaCKaxHo, np~epXHBaSICL B npe,tteJiax ~ 3aBHCHKOCTH B~a 

(34) 

cpe,JtHee r ,Ite vi -BanpsmeHHe Ha 

3Haqeume l-Iz B o<SJiaCTH i -zo Kacxa,u;a. 3TH noxeHrtHa.JIH 3aTe:u: 

IIO,li;CTpaHB8JIHC1> ,ltJIS1 .D;OCTHli8HHS1 HaHRyqmee 3Haqeuue pa3p6WaD~el 

cnoco6uocTH. 

iOTOrpa~OBaHHe IIpOH3BO,ItHJIOCL aa qJoTOIIJI6HKY H30IlaHXpOK C 

qyBCTBHT6JILHOCTl>D !200 e,It. rOCT qepe3 O~eKTHB r-40 CO CBeTO­

CHnOI !:2,8 H JIKBeiHHM JM6HLWeHHeU 3,3. B 3TDX ycJIOBHJIX H3KepeB­

HaJI pa3pemaDutaS1 CIIOC06HOCTL paBHSiJiaCL: 

6 JIHHHI/MM B CTaTHqeCKOK pezH:u:e, 

5 JIHHHH/KM B HMnYJILCHOM pezKMe, 

no Bee MY axpuy. 

laBHaSi YCTaHOBKa C OIITHli8CKOI CHCT8MOI1 H306paE8HHOI Ha 

pHC.2J H 5 KB.Tymlt8lm 6HJia HCIIOJIL30BaHa ,ItJIS1 cpoTorpaq&lpOBaHHS1 CJia6o 

CBeTJIJJtHXCJI Tp8KOB B H30Tp0IIHOI pa3pSI.U.HOI K8llepe npH npOB8,Jt8HHH 

UIIHTOB/I?/ Ha CHHXPOitHKJIOTpOHe Jla6opa.TOpHH sutepHNX npo6JleK ORHH. 
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5. B I:l B 0 JI I:l 

I. Paspa60TB.H H HCCJie,ltOBaH KeTO,It yctpaHeHHJ! HCitalteHHH 

H306paxeHHH na MHOrOKaCK~HHX 30TI'ax ~ HCflOJI:b30BaHHeK CHR:bHHX 

KarHHTHHX noJielt Hanps::a:eHHOCT:bl) ,ltO 300) 3 B pe:am:ue wtoroxpaTHOI 

uarHHTHOit ~XYCHpOBXH• 

2. B nepBOI cepHH OflHTOB MHOrO~~C~HYe 30TI's no:uemaHHC:b 

B O,ltHOpO,ltHOe u:arHHTHOe none • Ha611D,ltaJII)C:b CYnt9 CTBeHHOe YlleH:LmeHHe 

HCKazeHHI H306paxeHHSI• PaspemaD~aJI COOC06HOCT:b npH 3TOU npaxTH­

qeCKH He H3:U:eHSIJiaC:b • 0,1tH6KO t B O,ltHOpO~~HO:M :uarHHTHOK UOJie HCnH­

TaHHHe 06pasns 30IT' OB THna YM pa60TaD~C aecTa6HJI:bHO. 

3. liiCCJie,ItOBaHHe npH'IHH Ta.KOtl Hec:ca6HJI:bHOCTH flOKa3aHOt qTO 

B 301I'ax CYJl'eCTBYJ)~HX KOHCTpyKUHJ!X THlia YM 06HapYICeHO napa3HT­

HOe SIBJI9HHe, 3aKBD'IaD~eeca B TOY, qTO UOTOK 3JieKTpOHOBt 3YKH­

THpOBaHHHI C xpaeB fi>OTOKaTO,lta H OKp)'XcU:UJteU ero KeTaJIH3aJ.Uiel, 
.8.£iii'16HCJ;'I tfAI'Hv;m-IOM none 

npH y6~eHHHYfi6JtaJ)T Ha OOKOBHe CTeMJIHHHe CTeHKH KOJI6H, C03,1tai>T 

CBeqeame 3Kpaua H BH3HBaDT npo6ol~ :~-sa 3Toro Bee npe~ecx­

Ba CHJI:bHOI q,c>xycHpOBKH He y,ltaeTCJ! HCOOJI:b30BaT:b nOJIHOCT:bD B 

HcnstaB.SX o6pasuax 30IT'os THna YM. 

4. Bo BTOpOI cepHH OOHTOB 30IT:1H noxe~aJIHC:b B HeO,ltHOpO,ltHOe 

KarHHTHOe none, 06Jia,Jtan~ee flJIOCitOCTSIJm CHWAeTpHl! • .AKCHa.JI:bHaSI 

KOMIIOH9HTa Kai'HHTHOro OOJISI 6HJIO npOKO)tYJIHpOBaHa ,ItO SHaqeHHJI 

hi •0, 3I. Ha6nm,Itanac:& q,oxycHpOBita nnJIOT:b ,ItO II nopJ!,ltxa 

(YM-I63). HsoxponnaJI H cnHpaJI:LHast ,ItHm~opcHs 6HJIH J')rleH:Lmeaw ,ItO I~ 

Ha KaitCHUaJI:bHOK p6JtHyce, paBHOK 4 CK. 
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5. IlpOBe,ltaHHHe HCCJie,li;OBaHHSI ,li;Oita:::btBa.DT BHCOityJ) 3fPPeltTHB­

HOCT:& :u:etO,ll;a J'M6H:&meBHSl HCICa:EeBHI H30CipaxeHHSI -Ba aapa.He MHOro­

ItaCita,ltBHX 30II'os C nOllOIJl:&l3 CHJILHHX: Mai'RHtHWX: nOJiel Hanpa:aceHHOCT:&J3 

,1(0 3000 S B peltHKe MHOrOitpaTHOit MarHHl'HOI cpoKyCHpOBRHe 

OTcyTCTBHe xec:rxxx :rpe60BaHHI x BeJIHqHHe uanpaseuKa ua 

RaCR~ax, It ~pMe HMnyJI:&Ca HanpaEeHHSI H CTa6HJI:&HOCTH MarHHTHOrO 

noJis npe,11;ctaBJisteT ~oJI:&moe nJeMMYmeCTBO ~auaoro Keto,lta nepe,11; .ltPY­

rHMH uetO,ll;aMH y.uea:&meaHst ,ltHctopcHI. CJ~ectBeHHHM JOCTOHHCTBOK 

MeTO,lta stBJistaTCst Ct&6HJibHOCT:b H306paxe:ECH.S:t HeOC:SXO,ltHKast ,lt1UI tOliBltt 

msKepeaHB• Taue qax:ropH, xax cJia6Lte nnemnHe :uarum:raue noJis, 

H3KeHeRHe nanpazeHHI, ltOTOpbte B 06htliHHX CHCTeMBX BH3HB8mT CKe­

llleBHe mso6pazeuua nepBoro tP<>xyca, ue nxasYBMTca B pezHlle cu:&­

uol cpOKYCHpOBRH, Ta.It EaR H306pazeuHe "zecTitO• npHBSI3aHO K JlarBHT­

BHK CHJIOBHM ~HHHstK, :r.e. cpaitTHlleCKH K te:u: ROHCTpyitTHBHHM &JieKeH-
TOK 8 

T~OTOpHX C03JJ;aST CHJI:&HOe 148.I'HHTHOO noJie • 

Cep:&e3BlDI orpaHHlleHHeK npH HCOOJlb30B8.HHH pezHKa CHJibBOI 

cpo!tJCHpOBKH B OTeqeCTBaHHHX KHOrOKaC~~HHX npeo6pa30BaTe.Jiax .S:B-
1.0 . 

JISieTCSI B03paCTaHHe llfCTa6HJILHO~ cpoHOBOrO CBeqeRHS 3Itpana npH 

yBeJIHlleHHH KarHHTHOrO OOJISI. 



-26-

TIOXITHCK K PHCYHK!M 
----------------

PHCole CxeMaTH~ecxoe H306pazeHHe ~XYCH!tOBKH B CKnbHOK HeO~HOpO~­
HOll UarHHTHOM no11e • I - CWIOBYe J.tHHHH MarHHTHOrO fi011St 
C}K - lf>OTOitaTO~t 3 - 3I<:pau, s- fiJtOCKOCTb CHlOieTpBH lm.I'HHT-
HOrO noHa:, A.B,C, (A' , B1 ,c 1 

) - :ro~xm o6Dexxa (nso6pa-
zeHHa:), T - :rpaexxopna: sHex:rpoua, ncnycxaeuoro B :ro~xe c. 

Pnc.2. MarHHTBHI COHeHOH~ ~Ha: KHOroxpaTHOI ~OEYCHpOBKH H306pazeHHa: 
B sJiex:rpouHoonTm~ecxoM npee6pasonaTeJie. O~ua ms zeHesusx 
fiJiaCTHH CHa:Ta. 

Pmc.3. Pacnpi.,9PneHeHHe aKCHaJibHOit KOMIIOUeHTH fiOJUI BJJ;OJib OCH COJienrvJr.r..a.~ 

~ KpHBaJI 1 - Ha OCH COJieHO~a, KpHnaa 2 - Ha paCCTOSHHH 5 OM 
OT OCH. 

Pnc.4. CxeMa HCllHTaHHS npeo6pa30BaTeJiel, padOTaDntHX B CHJibHOM 
O~HOpO~HOM KarHHTHOK llOJieo 
HC-HCTO~HHK cBeTa; I - :t.mpa; 3 ... sepxaJio; o1 , o2 ... 

o~eKTHBH; tK-<PoToiCa.xepa; Jl-JtHa•pparMa. 

Pnc.5. Hso6paEeHHe MHpH ua sKpaue 6 xac1~uoro 30TI'a THna YM-95, 
noMenteuaoro B o~HOpOJtHOe MarHHTHt)e noHe H. 

-H•I50 3Jl'ilanpa:xeuHe ua xac:~a,ltax I-6 Ll,_6•6xB, 

Vl •I; 6-H•935 3, Lt,2 •5 ::cB, l/3 -6 •5,5 xB, 

h •6J B - H•I.680 a, Ll1,z. ··~ KB, L/
3

_6•5,5 xB, 

PHc.6. 3aBHCKMOCTb npeJJ;eJibHO JtOllYCTHMOrO uanpazeHHS: Ha ItaCKaJt OT 
Hanpa:zeHBOCTH MBrBHTHOrO noJia. a - JJ;Jia OJJ;HOrO KaCK~a, 
6 - ~JIS 4-x ItaCKaJJ;OB. 
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PHCo 7. 3a.BHCDOCTL apKOCTH <P<lHOBOrO CBO~eHHSI aKpaua 30II'a OT 
HaDpmteBHOCTH uarHHTHOrO fiOJISio I!O OCH Op,D;HHaT OTJIOZeH TOR 
~otoyuuozHTeJIH, perHcrpupy.o~ero cBe~euHe axpaua. UH~H 
Ha ltpHBI:.iX 0603Ha'Qai)T aanpsa;eHHe Ha ItaCKaJJ;e B KHJIOBOJILTaxo 
~oe H3 CeKeiCTB !pHBSX CHSITO Ha Onpe,n;eJieHHOK 06pa3~e 
npeo6pa3oBateJISI :rHna YM-95 np:a BKJIIl~eHE:H :roJILKO nocJieJtuero 
KaCRSJ.tao 

PHCo 8. 3aBHCHliOCTL apKOCTH <P<lHOBOrO CBH~eHHH aKpaHa 30Il'a OT 
HanpazeHHOCTH KarHHTHOrO ~OJISI flJlH. BIUID~eHHH 4-X flOCJie,IJ;HHX 

KaCKa,IJ;OB YM-95. 06o3uaqeuHa te ze, qro 1~ ua pHC.6t3• 

PHc.9. 1IDMHHic~eunHa creua xo.116a npeo(jpa30BaTeJia, noKe~eRHoro 
B CH1lhHOe KarRHTHOe noJie. XOpOmt) BH,IJ;HO paBHOUepaoe CBe~e­

HHe 3Kpaua H JIOitaJihHM JIDUHHECUt3HUHH 60KOBHX CTeHOKo 

PHCo!O. 3aBHCKUOCTL SlpKOCTH ~HOBOrO CBe~eHHH aKpaaa HeCROJILKHX 
06pa3UOB O,D,;HOrO KaCit8.,1ta THna YM·-95 ( 06pa3~ 6e3 :t.leTaJIJIH-

3aUHH H C "JIOBymEOI") OT HanpHXeHHOCTH :~arHHTHOrO nona. 0603Ha~e­
HHa te ze, ~To H ua pac. 6.3. 

PRe. II.KoucrpyxnHa o6aquoro (a) H MOJtH~HUHPOBaHHoro (B) xac~oB; 
q,-ipaTOKaTO.ltj 3 - altpa.Hj ~ - <PottYCHpyJ>~Hit UWIHH)tpj M-:veT8JI• 
JIH3auua; CK - cteKBaHB&SI xon6a; T3 - tpaexropHH aJieKtpouoB 
aBT03MHCCHHj KM - Kpal xetaJIJIH3aUHHf AIT-aKBa,n;aroBoe noxpH­
tme; OK - oxpauaoe KOJI»uo. 

PHCo!2. 3aBHCHMOCTL apxOCTH CBe~eHHJi aKpaua 3-x xaKepuoro 30IT'a 
(xa.Keps THna Y1l - 95 - - - o6sqaoro THn~ H - • - o , -

KO,ltH~KUipOBaBBOrO THna ) OT HanpazeBHOCTH O,IJ;BOpOJtHOrO uar­
BHTHOrO noJis. UH~s oxoJio KpHBHX o6o3saqamt uanpS~Xeume 
Ba KaCK~e B KHIOBORLT8Xo 

PHc.I3. H3o6paxeBme MBpH ua axpaae 3-x &axepuoro 30II'a c KOJtH~­
uupoBaHBHMH KaCK~aMHo 

a) H•250 3; L/ •!2 RB/xacxa.n; 

6) H• 3 xa; L/•!5 RB/&acx~ 
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Pmc.I4. Mso6paxeame MHps Ha aapaHe 4-x Racx~noro 30ll'a THna 
YM-163 B o~Hopo~HOM uarHHTHOM none 

a. Lf•B KB/JCaCKa.D;, H•280 3; 

6. U •6,5 KB/Kacita.JJ;, H•2.COO 3. 

Pmc.I5. YcTaHOBKa c HeO~Hopo~HM MarHHTHHM noneM. 

a - od~an cxeua, MC - HCTO~HHK CBeTa1 P - ~H~YSHHI 

paccemBarenDJ M - uxpa; MK - MarHHTHaa xarymxa; 
01, 02 - o6~eKTHBHo 

6~ KOHCTpyRUHS MarHHTHOB KaTymKHo 

Pmc.I6. Pacnpe~enenme aKCHaHDHOB Him p~HaBDHOI HeXOMnOHeHr 
MarHHTHOrO nona B~OXD OCH CHCTeMHo 

PHCoi7. KOH~rypauma CHAOBHX BHHH~ MarHHTHOrO nona Ha paCCTOSHHH 
5,5 CM OT OCH CHCTeUHo 

PHCoiB. 3aBHCHMOCTD nop~Ka ~EyCHpOBEH n OT TOEa B EaTymKax 
(m cpe~nel nanpaxeHHOCTH Hl axcHaBDHOI KOMnOHeHTH Mar­
HHTHoro noJia). 

?mc.I9. Kso6paseume MMps, c~oTorpa~poBaaHoe c 3KpaHa 30IT'a npm 
lJ • 9 EB/EaCKa.D; H HeOEOJIDEHX saa~eHHflX TOEa KaTymeE: 

a) i = l;g a.. n = 2 
) 

6) z' = l S ct ~ n = 3 

B) z' =>300et , n = 1 J 

r) O~HH HS 3JleM9HTOB MMpht (l'.:.X:Oa) B yBeJIHlleHHO.M MacmTa6eo 

Pmc.20. Xapaxrepmormxa msorponnol ~HcTo:pcmm npm ~Byx suaqeHmax 
Toxa B xaTymKax. lloacHenme B Te.EtcTe. 

PHCo2Io .AliHSOTpOUHM ~HCTOpCHSI B 3aBHCHJo400TH OT noJia B KaTymKax. 
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P~r~c.22. Ynpo~~teHHaa 6nox-cxe:t.re. HMnyJI:&cHoro nHTaHHH npeo6pasoBa:rena: 

a - ZJtYDtHI peJCKKo 3amTpHXOBa.H HOpMa.JI:LHO 3aKpliT:UR KaCKa,.D; 

6 - no:reHUHaJIH Ha aJiexxpo,n;a.x ~lOll' a BO Bpew:r vumyJI:&ca ,n;JIH­

TeJI:&HOCT:&D I40 ucert, no,n;aBaeltoro c sa,n;epxxol 5 MKcex. 

P~r~c.23. OnTHKoanexxpoHuas: cxe:ua yc:ra.HOBRH. JI - JI&mH no,n;cBeq~r~Ba­

HHa ,n;.11a HacrpoHxH B c:ra:rHqecKCIM pe:acH:ue. HHC - mmyJI:&CHHI 
HCTOqHHK CBeTa; P - ,n;H~Y3HUI pacceHBaTeJI:Li HM (BM) -
HDHHSI (BepxHHJi) :U:Mpa; 3 - sepRaJIOj OJ, 02 - 06':&eKTHBH1 

MK - uarHHTHaa xaxymxa; P~K - perHcTpMpyDmaa ~o:roKauepa; 
K - Itallepa, 3 - npospaqHHe ( ce·:rqaxue) a.11ex:rpo,n;u. 
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