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YcKopBteJim sepseBRYX tJac~n:n,npe.-ctaBJISIIHI.lHe cooo~ OJUUI 

J!3 Jl81100.188 3qxpeltT.IIBBHX BBCTpJ]ji8BTOB 11.It8PBOI cp113BB,o6ecne

q)IB81}1' DIJIPOltlf8 B03MOZHOCTH DOJJJ"'leBIIJI BL1COKODT88CJIBBYX DY'I

XOB aapaeHHHX t~aCTHI~ pasJJHliHLl> aueprd. OJUiaxo npoBeAeame 

passoo6pa3BL1X cpxaJJt~ecox .axcneJ1IDI8BTOB c nyllE8101 aapSizeusHx 

qac~H~ TpedyeT B 00JI~mHHCTB8 C~yqaeB BL1COltHHT8HCBBHL1X ny~oB, 

CB060,IUWX OT COOYTCTBYIJm}IX H3JI;pleRd. :Jxo •e JC.110BH8 BH3YBaeT 

R806XO,ItiD40CT:b BHDOJIBetm.a 3KCDeJHM8BTOB Ba dOJibillHX pacCTOSIBHSIX 

OT yCKOpHTeJieM aa 3amHTBHUH yClpOICTBaUM, rAe UROTBOCTH ny'lKOB 

D~aDT nponopUHOHaALBO KBaAPaT~ pacCTOSIBHA. qTOOY COXpaHMTb 

HJIH ,llaze yBeJUf'IHTL IUIOTBOCTH \lE.CTHU B Dy11Xax DpiD4CB.IIDTCJI paa

HOOdpa3HYe cxcreKH WOKYCHpym~Hl yc:rpoAcxn. 0.ztHMU ma uamdonee 

y.JJ;OdHblX tiJOKyCt!py!Oll{HX yc TpOACTB RBJJ.IIJ)TC.Il yc:rpoliCTBa,OCHOBWIHble 

ua HCDOJJb30BaBMH npHHWtna XCCTBOI ~KYCHpOBKH. llpe~OZ8HHC 

Kyj?8JITa,JimBHHrc:roua M CuaJtJ{epa I) o npoeReHHH rmnepdoJJH1ieCKHX 

3JI8RTpOMarHMTBL1X DOJiel ~.II cpORYCBpOBR.II By11ROB aapKEeBHHX qac

THU OT YCKOpHT8JJen OTKpblJJO ROBBe y~OOHLle B03MOZHOCTH B 6oJJee 

aqxpeKt.IIBBOM HX HCD011b30Ba.HHH. CBH D0Ka38JIH, 'ITO napa ItBaJJ:PY

DO.I~HLlX KarBHTOB C rHDep6oJI•t~eCKHUH DOJJDCaMH H BCTpequblUH 

IWJ'BHTHIU4H DOTOita.JlH UOXeT DO,llOdBO C06Hp~eA ODTH1leCKO£! JH1H3e 

KOB~eBtpHp0Ba7b fiY1lOit y;xopeB~X '18CTBU Ba 3Ba1lHTeBLHblX pac

CTOmiH.IIX OT YCROpHTe.neA. Ta.K,HClnpHMep, KopK H 3ae[( 2)nplWeRH

~H no~o6&oe ycrpolcTBO H3 ~yx nap ~MH3 It nyqxy ,D;eliTpoHOB c 

aBeprHel B 20 laB or UHit11oTpoaa B BepKnm,yBeJJH'lHB nnoTHOCTL 

l.Ja.CTHU B nyq.Ke B 30 pas. layJIJJ 11 ,D;p. H3 BaaularTORCX01"0 YRHBep

CHTeTa yBe~HqHJIH llnOTHOCTh qacT~U D nyqKe C 3HeprHe~ 8 M3B 
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Ha pacCTORHHM 4 M OT IU~OTpOHa B 8 p~~ llpHMeHHSI aHa!OfM'IHym 

CHCTetzy ~3 ABYX Manora6apHTBHX l:BaApynORLHHX 3RCKTpOMarHHTOB 

C aneptypolt B 4 CM )VIS! clJOKYCHpOBKH npOTOBBOfO nyqxa B 680 M3B 

or mecrJWetpoBoro cnuxpoJ.tH.KJIOTpoua B Jia6opaTOfHH a,aepublx npo6-

ne:u: 06~eAHHeHHOf0 HRCTHTyTa SIA~lBHX HCCBeAOBaBH~ YAaiOCh yBe

JIHlllr.rla DJIOTHOCT:b tre.CTH nyllKa Ha pacCTOJIHHSIX AO 20 M OT yCKOpH

TeJISI B 4,5 pasa. Ta.IaUI o6pasOK OltOJIO 2()% BCeX llacTlUJ; D nyqKe 

6Ii1JIH CltOBIJ.eRTpHpOBaHH B H3118pHTOJI:bBOM naBltii:bOHC BU paCCTOmit1H 

15 :u: OT ycF.opHTall.a ua TIJIO:maJJ;H HI~ 6oJiee IO c:u2 c nJIOTBOCThD 

109 npoTOHOB/ c..f.. ceK. Kouueurp«UULH nporouuoro nylllta BAWIU ot 

YCKOpHTeJIR paCmMpHJia TaiO!te H B0!3JLOXBOCTH fiOJiylleHlUI UHTCBCHBHHX 

nytiKOB ll+-J4C30HOB R fiOJISipH30B8.mlHX npOTOHOB,o6pa30BaBHhiX npM 

D3amAOAC~CTBlU1 BHe!liH~ro II}>OTOHHOfO fi:,''IKa C JJAPa.I.W B8B(CCTBa 

MHDle.HH. !IOJIY'ICHJWC nyt~KH BTOplf'lllblX tla.CTHU B CBOJO oqepe,a:o rfX>KY

CHpOBaJIHCb ycrpoitCTBOM H3 mm.n.m;>YimtHX M8.CTHH B 3a30pe OTKJIO-

*') 
HSI~ero 3JICKTpOMarBHTa,auanorH~lHM ycTpOICTBy,npHMCHRCMOMY 

)VISI flOBhiUICHMR flJIOTHOCTH npOTORB•>rO nytiKa B 30HC paCCCHHHOrO 

fiOJIJl OCBOBHOrO 3JieKTpoua.rHMTU y·~KOpHTeJISI 4) • 'faKasi MCTO)Unta 

H03BOJIWia llOJIYllHTb B ll3MCpHTeJI:Ea>tO!I lla.BWibOHC llY'IKM Il+ -l:C30HOB 

C IlJIOTHOCTLD Ol~OJIO 1000 MC30HOB/CM2 .celt npH 3HeprHH B 330 li3B 

H ny'IOK fiOJIHpH30BaHHblX npOTOHOB C IlJIOTHOCThJ) 4.I05npoT./CM~CCK 
c 3Heprmel B 600 M3B. 

tfl.) 3r.a cf..........., "f.iJ..A.C..u..e,~ ~~6'~ P...u. "' 31'~.,.~-<-,;;;o....<..-<.~ 

o ~ ~a.c.ol?,.c.LH..c> ~0 I<<:Vt.-Q....L6 «..:> HR. 'LetA- <-0 6£-.<....L.C s. c. .. c~~ ~. t&. 

a. J~e...u. JV;ru ...... _._~ A.l.(. ... ~a...~ e., . , 
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I. MAI'HliTHASI mlH3A C IIOCTO.ffiilillM rPA.miEHTOM. 

lleTupexnoJIDCHhli-1 MarRnT c runeptioJIIPWCKOf1 Oopuon noJIDCOB 

Oc5pa3yeT fiJIOCROe HeO)UiOpO)tHOe MarHlfTHOe llOJie C llOCTOHHHblM 

d~ dM 
rpaJt~teHTOU. ,UJui YJtOc5CTBa pacqeroB noJIOXInl qTo ~e ;r~=k~u.~r 

' a'.€ '::1 
T.e. ~-=-..C.,e / ~=~ " fix=O. 

TorAa ypaBHeHHR ~HxeuHH 3apnxeHuog qacTHUU B YKa3UHHOM 

3JieKTpOJl8rHHTe 3eJIHl!IYTCR .IVUI napwtCHWI.&HOrO nyqKa (~z l{) 

B BH)te: 

Ho 
~-_I 
mv-c- H._? 

MaDT BHJt 

(I) 

,a ~ -QTKBOReBHH qacTHUU B UHOCKOCTHX 

~ HJIH Xi;. 

YprumeHue (I) eCT:h w.(:~;cpcuuMc1I:OHOC Y.Pa.BHeHl1e 2-ro nopnAita 

OTHOCY!TeJihiiO C • Ero 06,i4CC pOIUCHJ:re ~O.I'J:Jrno HMeT:O JtBC npOH3-

BOJI:OHb1X noCTOJIHHHX Con 6;. EcJIH 'z::~(x) ¥1 ~&; .ua 'IUCT

llhiX pemeHHil yprumeiiUSI (I) ,.TO lfX JilUICfiHan KOJi:ChmaJUUI 

~::: ~ t, (x} -;- _L3 t...! (X.J 

r.tte ~ 11 L3 -nocxoSIHHNe-ecx:o xoze pemesHe ypaaseBHSI (I). Ta
KHM 06pro OM OOII,lee pemeHHe. ypaBHeBHSI JtBmt6HH8 llacTHU napaKCH

aJI.DHOrO nyqxa KOEe:r c>u:r.o noJiyqeHo cywmpoBatuieK JID6ux )IJjYX 

qaCTBHX pemeHHtl. 
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~H ¢oKYCHpOBKH llacTHU OC069HHO HHTepeceH CRYll~ no~en 

orpwnAeaaoM npox.smeaaocTH B.ItO~ o JUn'IxeuHn qacxuu. Ec~M Mar

HHTHoe noJie orpauHt~euo X, H x~ , xo JVIH x < x', H .x > X..:z. U~J 

6y~eT BHpazax:PCH npHMOtl ~KHHC~. PaCCMOTpHM ~Be OC06He TpaeK

TOpHH napartCHaJI:PHOrO nytiKa: ~4{!() H t4{Jt) 
5) (pHc.:O 

U r 1 ..-<----J~. ;a-

. I I 

-~ I 
-4~ 

I ~. (..x) = :1. 
-j41 .' 

'tt1(x) -.;_~~ -- . --
1 ----

~-
I I 

I 
--

......,.;E......---- t ----.;;;:-..~1 

Puc.l. 

Ilepece qeuHe npoJto~xeaHn npnuo~mceMHHX yqac TKO B xpaeKTo pHtl 

qacrnu,npome).UliHX uarH14THOe no;re c nepBoaaqa.n:oawH onpeJteJinex 

rjif:WHhie IJJIOCICOCT H Ma.I'HHTHO~ JIHH::u. IDe pacnOJIOlteHHe M cpoKyCHhie 

paCCTOHHHJl j, n j< H Onpe,D;eJ.:JII>T OIITHtieCKHe CBOtiCTBa Cl1C

Te~. AeHCTBHTeJI:oHo,ecJIM qepe3 ltarHHTHyD CHCTeuy c ~OKYCHHMH 

pacCTOJIHHID.!li J, U J~ IlpOXO)U T tiaCTHI.Ui,nepeceKai>II{He OC:b 

cJieBa ua paccTo.HHl1H L, 9T rJiaEHotl IIJIOCKOCTH 1 n ua pacc:ro.fi

HJm L.t. cnpaBa OT TIJiocrcocTn H (l)nc.2),xo qacTaoe pemeHHe ypaB 

HeHlUI napa..rtCHM:bHOrO IlY'iita ,ll)I.l1 ::; TO.ti T:paCKTOplU1 dy,D;eT C~araT:PCH 

u3 Jinaeuuort KoMChmaz.uu1 truCTHhlX I ememdi .IVIH c;ryqa.SI p11c. I: 

~ = Jiz.._ {x) f {3 (;(/{x) • ~Or ;ta CJICE a Ha paCCTO.fiHIIH !_, OT IIJIOC

KOCT11 2.=0= .iJ- f3 (;- j;) WIU t ::: A.~B 
H cnpa.Ba ua pacc:romum L~ 

Z-=-0 =- ,4(1- ~) -6 HJIH 
fl.-

CKn~Baa,noJiyqau 

L 
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n38XOH JIHH3Ll• JUIJI TOJICTUX JilfH3 ,, 

I 7l ~ . - T - ,L_,_ 

~ 
I I 

j.. IL,--~ 
PMc.2. 

--
---+X.L 

I 
I 

(2) 

TaxmJ: oc5paaoM,ecJin ~CJC) w ~(<J UOJ!HLie xpaer~Toplm,To M MX 

ICOMChiHa:D.li.fi J1Zar">+f3zaDt.) E:CT:b Ta.Klte HOIJHM TpaeKTOpRH, 

YAOBJieTBO pmoma.H ypanHeHMIO (I). ITpu6a.auu I~ Tpa.exxopmt ~t~J-pMc. 2 

Tpae:r.:ropMID G~(14) ,napanJICJI:&HyJI OCU 11 OTCTORU\Yil Ha pacCTOSIHHM 

"Z., OT OCU JI.tm::m CJICB£!. -puc • 3 ,_ ______ - L~ --------;--+ 

I 

J...-'----- j_7. -----

to-t----- L,-------i 

PHc.3. 

Tar~ EaK ~r"J pamo HYJID Ha paCCl'O.fiHRM L, cJieBa ox Moc

Kocxn l,TO BCe TpaBKTOpHM,OTCTO~Me Ha Z, OT OCH H Ha pac-

CTOBHHH L1 CJieBa o:r MocxocTH 1, Moryx 6ux:L npe,ltCTaBJieHu 

aocpe,JtCTBOM 'Z:.{x)=A?:Q{x>-f'Z(J(J<) • Ho T.K. ~qtxJ=o aa 

paccxosmHH L4 cnpa.sa ox nJIOCKocxu II, To Bee rue xpaexxopMM 

6y}{yT UpOXO)U1T:b t~epe3 'JTY TOtm:y Ha paCCTOSIHUM "C~ OT OCH. 

3To pacCTORHMe UODO Ba.RTM,paccuaTpRBaSI JIMDI:b OAHY TpaeKTOpRil 
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0~ r~; ,m Top an: nepeceKaeT oc:o H 1 paccTosnum J z.. cnpaaa o:r 

II1IOCKOCTM II • .Iln.a 3Toi1 TpaeKTOpMII ccgrx; MMeeu-(pmc.3) 

:U.7IM 

YMHOlltHB npa.Byu,qacT:& aa J! + L, 

j, L2. 
f7. L, 

"Z.z. L7. - j_ 
~ = t~ 

:f;_ =- 1. , IIOJIY'IHM! 

-Bupazeum:e MSI yneJIJNCHlUI H3o6p.meuM.a. 

(3) 

TwtRM o6pa.30M )U3DCHMC 38.pS·~HHHX 'laCl'H~ B orpa.uHqeHHOii 

06JIUC1'M .MaJ'HHTHllX IIOJieit .MOlteT 6:uT:b npe.l{CTa.BJICHO qepe3 npOCTJ.Je 

OIITMlleCKMe CBOt:iCTB8. CMCTeMU. tiT06ll BL1pa3MT!l OCHOBHlle OIITM'ICC

KMe xapaxTepHCTMKM CHCT eMH qepe:3 ee napauexpu y~o6uee 3anucaxh 

pemeuHe ypanueumi (I) B .MaTpMliHO~ £Popue. AnSI .IU3YXCei~IU10HHOM 

MarHHTBOn CHCTCMH pemeu:He RMeeT B~: 

(4) 

r ~e TpMrouo:u:eTpHqecitMe M rmnep6oJimqecKMe napa.MeTpu MeH.aDTCSI 

MeCT&m B 3a.BHCMMOCTit OT 3Ha.K8. :3 ypaBHCHHH (I). 

ECJIH C eKIUUf ClfC TeMhl O)Uma.Ito:n~, T. e. GUt ~ W~ H t, = e~ , TO. paa

JiaraJI rimep60Jiltl!eCKHe U TplU'OHOl!CTpltlleCKHe napaMeTphl B pSiJt )1.0 

nepooro cymecTBeHHoro liJieua noJI;T"UIM npocToe Bhlpazeime JtJISI ~X>

Kycuoro pacCTOSIHH.a .1tBYXCeKIU10HHOit Mai'HHTHOll CHCTC1W U3 OTHOWe

HMSi .?=- ;~ (nOJI8!r8J.I npn 3TOM Zo/ =-0): 

. (5) 
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k I dik /J r"' 
r,n:e GJ -== l-l_p .fiy' , -t:. -.IJ)I:ttHa CeKIUU1 M8.I'HHTa U o -pacCTOSi-

HMe MeJtAY C6KUM.fUm. KaK Blf.).U{O H3 BhlpaliteHM.fi (5) ri)OEYCHhlC pac

CTOHHHSi .IJ)IH .D:BYXC6KUHOHHO~ KB~pynO~hHOn ~MH3H B nHOCKOCTHX 

~ M x~ paaau Me~ co6o~,uo rnanHHe nnocxocTM,OTCtiMTHDaeMUe 

OT nmopo~ reoueTpMqecKofi rpaamu~ no~a ne conn~amT M~ co6o~ 
M ~eJEaT na pacCTOJIHI1I1X 

- e + J(l+ <3 CA)ze ~) -~ ~.J 
.x<8)- ~2.(? {%e' + d) 

R-+o(;-..J--3 w7~·~)- 0)?113 
-~) =- -y 

wze ( ~ f-~> tf') 

(6) 

Tax:VtM o6pasoM l1300pa:HCeHI1e B ,n:Byx:ceKUHOHHOti ItBa.Apyno~hHOli Mar

HUTHOli JH'lH3C cJy,n:eT c4uM3.'Ilitmh1M.HeOOJihiiUIM l13MCHCHlreM nap&WJ:

pOB w, , cv-t, -t, , l'.z. u F MDZHO .n:ocTM'Ih ~MaTullnoro 11306-

paxenWI. Y.n:odnec napl>Rpon aTl> nupaMeTpaun (,.()' u w~ ,M3Menaa 

TOI~U B030~Hlla B CCKlU'UIX ~UH3lle 

BLlpazaa Z u Z / qepes nall;ul>Hble 3Hat~eHMSI C'c H cc / )VlH 

cepe;umu cpoKyCMpYIIItero CCKTOpa,r,Jte OTKJIOHCHHC TpaeitTOpliM MOHa 

M8XCIDAaHhHO, MOZeM onpe,n:e~HTh K03CWJHUHeHT HCnOnh30BaHR.fi anep

Typ.bl ~m13U. )J)Ia JUfi13.bl C napaMeTpaun W =0,02, t =20 M cJ =0 

Z, = 'Zo-1,98 ,r,n:e Z- OTKJIOHCHMe HOHa B ~KYClipy~eii J.leKIUU1. 

Ta:IafM 06p8.30M TOJihKO llOJIOBMHa anepTyphl ~m13h1 MOXeT 6.b1Th l1Cll0Jih• 

sona.na-%~i c:-. • }i()Jiee no~uoe ucnoJih30BauHe anepTyphl 6y.u;eT 

B TpexceK~OHHO~ ~HHse, B KOTOpon Kpaa&Me CeKUMM B~Oe Kopoqe 

cpe)Uie~, a uaraHTHhle uo:ru.ll,o,n:EHa.KOBhle no BeJIM'tMHe n uanpan

~eHHD B KpaiHHX CeK~X,npOTHBOnOJIOEHhl DOTOKWJ Cpe~ett CCitUHM. 

)I.JI.a: TpeXC6KJUIOHHOti CUCTelW pemeHMe ypa.BHCHMti ,JUmlteHIDI (I) 

MOltCT 6Hmh 38nMCaHO B B~e: 
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(7) 

TO aHaJIOrlitmO Bblliie IlpUBe)tCHHOMY ;B;1ISI JtBYXCeKIUiOHHOit JIHII3H MOllteM 

llOJIJlmT:b BHpa.J:CH11C Jt1Ul QJOKycuoro paCCTOSiHMH xpeXCCititHOHHOH JI:WI3H 

B BR)tC 

(8) 

Tax JltC KaK H B JUSyxCCKUHOHHOti JHni3e cpoKyCHHC pacCTOSIHl1H .lJISI oc>o

HX WIOCKOCTCH 1)t 11: X~ pa.BHLI Melit,ey C060i1 
1
MorJiaBHNe IUIOCKOCTU 

OTCTOSIT OT reouexpnqecxott rpaRH~ llOCJICAHCH CCKUHH Ha O~aKO

BOl4 pacCTOI!HMH 

v ... _ _x~ = y:)(/Jt.L x~K-':,t. ltJ.tc./'"e.x3 +,tJ""U"'e"'~ \ z L 
~r ~J ( /~ cv 3 / ..z (9) 

r,Ite !_ QC)~a.a )tJIIma JIUH3ll C npOMEXYTKa.tm. 

3q¢eKTHBHOCT:D MCllOJI:b30BaiULll c:.nepTypll 6y,IteT onpe,lteJUIT:DCSI 

OTHOmCHMeM Ma.ItCMMaJILHOrO OTKJIOHCFWI TpaeKTOpl1H HOHa B cpOitYCHPY

JllltCM ceitTope, orpa.HHliHBB.eMoro pasuepw.m anepxypu ,It HaqaJibHO.MY 

OTKll OHeHD TpaeXTOpHU HOHa HO. BXCt,l.te B qmtyC:HpYDltYI) CHCTCMY • 

)l)ISI )UlyxCeitlijttOHHOll JIIDI3bl: 

_& =[{C/.4 w,~ +cv, o S./,oJJft) ~ ~ -+ s4 wd', · Sz'1 ~l?z.J --~" 
~v ~ 

-~oj-[ {ci;SI4J,4-~<cfc4u,~,) ~ cv~e~ -:t ~ Ch'-4f
1

. S;;, w;_ez] 
(IO) 

AnSI TpCXCCKJU{OHHOil : 

:,; -[{cl ~,n;• +c.>"J'-"s.l w·e,•)c.& ~e.. • Jhw•e,• s,~c.>·e,"] + 

-1-J [ { zj S4w "f,x + JVcL c.;,"f/Jed ~~: 4 ;~ ci c.>"E',,·S;_ cc;:z >r J , (IO') 
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r.tte ~o -uaqaJL:&BOe OTK1.IOHenme HOHa B IIJIOCKOCTH,B KOTOpOtl 

nepBaa CeKIUUI SIBJUieTCJI ,ltec!JoKycupylllleH. i13 BLlpaltCHHi! (10) H 

(IQt) UOXHO OlteiDIT:O B Kax.ttOM KO EIKp11THOM CJiyqae 3cix1JCKTHBHOe 

ucnoJI:&30Ba.HHe anep:ryphl • .IT;rH c;ryqM napa.n;re.n:&uoro nytiKa t.~acxun 

~ofO {ol~oo) nOJiyqHM 6o;ree rrpo~xoe nupaxeune OTHomeHim B03-

MOlltHblX aMIIJIHTYJt OTKJIOHeiDI.fi tiaCTal.~ }VI..fi Tpex H .ltBYX-CeKIUIOHIIhlX 

;nni3 c O)UmaiWBOfi anepxyp·on : 
.Z,.-- ( C/,wl'+CJJS4 c,.,e') c-.! !~ r ..sJ. we· S,-h_ ¥-

--== 
~ v ( CA (AY"'e-' +C4.>"cfJlS),c,"'eJ&) ~ (.J.re~ + Sh GJ"e"' . s.":,.., G.J·e" 

1-1 l:s {wc)-2. + ~crz c.~e .~ .J;l Y (i..J~J~] 
"""' ---------------------------- ------- ~ 

/ + (cuxe.xy: -: (cu"'-t?~,V -~-C<Jxcf.KLwlfR~ -~(cv"'-e::J] 
GU •WI(: a·o,z , e"':. ~ €.; IO ., J.A.: ;i- J' :::-/~-+ 

~01. rv~.?.,$ ~o 

:tf3 COOTHOIIICH11Sl ~JOpMy"JILI (2) )UIJI rOJICThiX JIID!3 
_L - _.!.._ + _..!_ 
~ - cl p 

(II) 

onpe).(eJI.HeTCSI ~IOEYCHOe paCCTOIDUB M8.rHHTHO.ti JIIDI3!11 .lUIH KOmtpeT

HLTX yCJIOBMil ee MCTIOJI.D30B8.H.UR1 l'.,~. rrpPI 38.)(8.HH11X cl M p 1 

r)te d -paCCTOSIHHe OT nepBO.ti I'JiaDHO!t MOCitOCTI! )tO "06'bCKTa", 

a ..f' -pacCTOJIHHe OT BTOpOf.t rJia.BJ:Of.t liJIOCKOCTlf )J.O "lf306pa.EeHH.ff" • 

OI\eHHB ueo6xo.zun,me 3HatteHHa <poKJCHHX pacc:ron:nHil uarunTHOtl 

Jimt3H,BH6Hpae:U: ee napaMeTphl Ha CJCHOBaHHU qXlpMyJI (5) MM (8), 

B COOTBeTCTBIUf C BH<lOpOM Myx- :V.JIH Tpex-ceK~OHHOI JIHH3ble 

Tax.;,ltJUI ti>OKYCHJ>OBKn npo:roHHoro nytiKa. o:r mecTmaerpoBoro 

CMHXpOUHKHOTpOHa YA06HO pacnOJIOJHT:b JIImay Ha pacCTOHHH:K 4 M 

OT KaMepbl,Ta& KaK npH 3TOM ee B03MOZHO HCDOJI:b30BaT:& npH pa6o

TaJC EaK Ha Ca.MOM npOTOHHOM nyqxe t Ta.K H npH pa60T8.X Ha BTOpHq

HHX nyqxax - rr+-Me30Hax H DOJIHp~30BaHHUX npOTOHax,o6p830BaHHblX. 

npn B38MMO)te:t1CTBHH 600Tp:UX npOTOHOB C H)tp&m WDlleHeil, 
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yCTa.HaBJIHBae.MliX na HX nyTl!, a TaiXe HCllOJI:030BaT:b JIMII3Y C MaJIO~ 

anep·ryp o i1, HC5o nyt~oK eme He c v.JI &Ho pasomeJicJI. He. 1mc. 4 noKa-

3aHO Ka.Ko.t'! npouenT 'ill£TU~ Haxo.It~ITCR na onpe,JtMenuon IIJIOIIl~, 

HaJi,ltemwi1 pactleTOM R3 OECITepMMe :tTWLbHO}i 3a.BHCY ... l!OCTH M3IW1Ie1IIDI 

liHTCHCUBHOCTH llJllli<1 no cro ceqe !liD. ;)TO MOJiteT C5L!T:b C)4eJia.HO 

liJIH C fiOMOI!i:biD pOJUIOo.BTOrpacpa ny:ma UJIH M3 H3MepeHMll MaJIOtl 

HOHH38J.UilOHHOlt KaMepoR C CelleHHe:A ·OKOJIO I cr?. Ila OCHOBaHlUt 

OTHX ,1J;aHHHX C5Wia BHC5paaa anepTy)a MYXCeK~.VIOHHOit JIHH3I:J B 4 CM, 

KOTOpM OXBaTbiBaeT 06JiacT:r:. C 45,~ DC ex li8..CTUU nyliKa. 113 HUX, 

Ka.K 6wzo noxaaauo BLlllie, OKOJIO rroJioBmru MOJteT rrpoi1Tn t~epes 

arreprypy MarHMTHOti JIHH3Ll. Cnewm.lll>Hlit4l1: ltccne.no:eatmJIMII rrapa

MeTpoB nyqxa OWIO ll0Ka3a:HO, 'ITO lla pacCTOSIHMM 4 M OT K&iepbl 

•o6'beitT" HaJCO)UiTC.fi Ha pacCTOSIHlllt c/_, =3,! 0, 75 M H d.Z =4.!,0,5M 

OT BXO)(a B JII1H3Y. llo,It "o6'beKTOM" 6y,IteM llOHIIMaT:b MeCTa nepece

qenMn Kpaenux rpaeKTOpMn nyt~Ka (! ero ocbm,npoxo~meli qepes 

OCb JlliH3bl. )J,nn: onpe,IteJieHU.fi .MeCTOllOJIOlCeJIIDI "oCheKTa" B HamiX 

orruTax ncnoJib30BaJicWb cJie,Jzy~aJI uero;uma. Ha nyTH nytma nep

nen;umyJin:pno K ero ocM B MecTe upeJtnoJiaraeuoro pacnoJio:aceHM.a · 

JIIDI3 YCTrutaBJIUBaJiaC:O IIJIMTinia H~t Me,I(U JIJIU CBUHI.ta TOJI!IllniOlO B 

20 uu, C npoCBepJieiiHH1nt B IICH o~·BepCTltH1.fii .IUitt.MeTpOM B I MM 

n Ha paccxomnm I00-150 cu oT II(:e 6u,rr noJiylleH a.BTorpac) nyl!Ka

puc • 5. 0TCJO,Ita. n CiWIO Hall.l(CHO, liTC B031.10lmbill pa36poc TO'leK ne-

~qemm TpaeKTOpHff 'laCTlUJ; B nyt.IF.e C ero OC1IO HG npeBLUIIV.CT 

.!,25% OT onpe)teJIC:mtblX BCJIHtlHH d~ :::3 M M d,z =4 M. 

3Hrui 3KCnepUMCHr.aJibH1I.t1 pa36J'OC "06'beiCTOB" MODO OIJ;CHUT:b 

n BeJintnmy paaapoca nepeceqeRHti xpaextopmt B nytme c ero oc:o10 

nocJie npoxoz,n;euHR JIHHSH • .ll.HH src ro BHpasMM Hs qJOpeyJIH (2) 
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pacc:ro.HHMe JI.O 1mo6pazeun.a .Z ttepe3 5 :w o/ : 
P- J.d 

- d- :r 
li Hati)l;eM pase5:poc Llf' BCJI6ACTBlfe paa6poca MeCTOfiOJIOllteiB!~ 

"HCTOtmmtOB" .1c/ : 

.11p -= - ~ c/ . .:r.z. -
(E/- F) (d-F +~a) (12) 

3ToT pa36poc L\ p nplmOJU'IT K"paclill1penum II3o6pUJtenWI"Ha sa.;a;an

nou pacc:ro.aHIUt _e (pnc. 6) 

Puc.6 

h = ~ Ll.~ 
P-Llp 

(I3) 

K"pacmKpeHnD U3o6pa:m:enu .. qn np1mo;uz:r Ta.KJJte 11 nHepreTMtieci\.D.ll 

neo~opoAHOCT:b nyqxa. 

He:rotm:octb B ycTa.Hom~:e ocen ;nmshl H nyt~Ku. npimo,IUIT It 3a-

MeTHOMY CY6!4CHMlO IIyt.IKa OTHOCMTe.HbHO nepBOHallaJI:OIIOrO Hanparme

IUUI • 3TO MOJiCUO OUCHHT:b, eCJIH paCI~MOXpeTb )WmlteHl16 llaCTlfi1,bl B 

Mal'HMTHOM flOJie Jllfil3hl. ,li,eiiCTBYD!tdJI CUJia /=: ~ V'H~ ,r,n;e 
• II JH 1)'":1!"-= ~ , a N-z- = ~ .,!- z.. ; Tor,D;a ypaBneHHe ~mreuim .tVISI no-

nepetmoro ,llB:HltCH:HSI (Hanpmep B :1JIOCltOC'llf ~ ) 6y,lteT 

d v:. <Z • ..E.I_d Q. d Jf.. u 
J?? 7if.: c J( Jl ~ WU1 01. /t- :::: ;;:;-; dA- n ;:_ 
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EcJiu 811' 'Z'z.. CMCIIlOIIItn: 

Ha. t =l .MM lla.CT:HUa OTKJIOHMTCH apM npOXOQCHUH llOJIJI B JI1Ut3C 

Ha .n;JIHHe e =60 CM Ha yroJI 

o( 2000. O,I. 60 l = _ - • pa.zum.H 
4,4.10 b - 367 

tl(JO Ha pacCTOSDII111 p =6(JQ CM ll]JliBe~eT K CUC~CH11Jl OCH ny'Qlta 

npuuepuo Ha 1,6 eM. 

TaK IC8X 113 S!Wnepm.mHTMLHhl:~ ~UJillliX pM6poc "06'LCKTOB" 

COCTaB.TIHeT ~o/ =0,25 d ,a HCTOttHOCTb YCTaiiOBKH JI11II3H B O,I;;, 

yneJiut.mnaex ero JI.O ( 0,4-0,5 )d :• TO BeJilitnllla "Mso6paxeaH.a~ B 

COOTBCTCTBUH C t)Opr.!'J.JI )vi ( 13) ~ Ha pacCTOHHI1U _E OT JUIII3H B 

300 600 
' H IOOO Cl~i oy)!.CT COCTaBJI.HTh: 

:lh 
1''3.oo = 1,2 CM 

~h~.,., = 2,4 c:r.r ... 

~6zlt>oo = n f 0' ) CM. 

llpH pactreTax lllJHH.flTO,llTO ;z., =j. CJJ,u. Ma.l~CHMaJlbHOe OTKJIOIIeHHe 

TpMKTOpuu B JIHH3e ,;{ =1,8 CM. 

TaKIW 06p83D:ri! OlltU,n;aeMoe yBeJ. HlleiiMe WIOTHOCTli llacTI1I.i B 

nyq1~c 6y.n;ex nponopruwHMbHO yMen>meaHro rmOlllaJ4en ny..-ma ;to M 

nocJie <P<>KYCHpOBK¥I. OneHKa npHBo,z;r:r K ynenuqeaD ILlOTaocxn 

B 5-IO paa. 
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2. KOHCTPYKlUUi JUfii3U. 

JJ,t1n cpoKycnpoBKl1 nporoiJnoro nyqr~a c 3Hepruen B 680 M3B 

ClWia BU6pa.Ha ,D;ByxCCKIJ;UOHIIM KBa,r:pyrrOJibHasi llUI'UiiTUWI JIIDI3a C 

unep:rypon B 4 cu. Kax 6Wio rroKa:::ruto nume (puc.4) OKOJIO 45% 

BCCX qaCTHU. IIylllta HaxO)l;SITCSI B ri•aHUUax 3CUIUl!UCUhlX IIJIOlqa_lU,J) 

$ = .Ji .l. 2 ':::tl 6 CM
2, T. C • B D.IH:pTypy JIIni3Ll 4 CM MOryT BOllTl1 

45% liU.CTHU, 113 EOTOpllX npm.mpHO ilOJIOBV.!H1. nporl)\eT Ma.I'HMTIIYD 

JU1H3Y. Iia. OCHOBa.IUUl C~10PMYJILI (2) npu c/ :300 Cll 1tiiHID.laJlbHOC 

r)OitYCHOC paCCTORll:V.C~~ ::200 CM 6y,l\eT 
c:T: p. d 

.P+d = L?O eM, 

a HClli.CMMMhliB~ I'paJ\UCHT EIJ:H BLicJ)o.HHbiX Do;pu.Me'.Lpa..x JII'IH3U: 

.f. =28 CM, cf =80 CM )l)lJI E =661) ?.bB na OCHOBD.Itlill (10I;I~:YJIU (5) 

oy,IteT f~ =2000 Gp./cM. 

HeoCixo,lUU.We aunep-BI-!TI<::vi )l)lR )6ecnelieHn.n Ta.Koro rpaJUiCHTa 

BlHIJICJI.fiDTC.H 113 COOTHOlllCH:VI.H 

(14) 

r~e 0 -IIOJIODHJ:la aneprypu Jil1ll3H. Ilp~1 WIOTHOCTll TOEa J. •2 ::z. . 
HCOdXO)UIMhtC BHTKJ/1 06MOTKM MOJII:HO pa.3MCCTUT'b B Jirut3C,Jt.MCJ)JllCM 

nonepetUWe p8.3MCp:ct,yKU3aBH1lC Ho pHC. r/. 

Puc. 't 
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llonepXHOCTL DOJIJ)COB IU11Imi)ij>l1qecK lSI C /2 =I, I Cl.. • .IlJlJI pacqeTa 

MarHMTODpOBO~a MOXHO BOCDOJIL30BarLCJI COOTHOmeHHeM p::./#d.s. 

Kax BH~O H3 pHC.7 1MarHHTHU~ DOT>K qepe3 DOJIJ)Ca COCTOHT H3 

~yx CMMMCTpHquHX DOTOKOB. llOJIOBKHa UOTOKa ~epe3 0~ DOJIJ)C 

B~JISieTcSI H3 P = ../1/dS = / 1-1/;? aa:: ,rAe .mtTerpaJI pac

npocTpaaneTcst ua nonepXBOCT:b nonoca oT nepmxnm AO TO'tKH o6phlna. 
• 2 

n V-_L X ... ~z OJIL3YSICL ypaBH6HHeM 3KBHnOTeHUHla:bHOn UOBepXHOCTH ~ ~ 

MOXeM Bhlp83HT:b UO~Hhln UOTOK qepe3 UOJIDC B BH){e: 
~ t 

:P =- ~ / JC t- y'/+ ~-)2 cU-= j&_.t:. / r-;. Z -+J )a X _, 
u 0 

rAe t' -a.6CJ.U{CCa TOtiKH o6ph1Ba IIOJIDCa. 

Tax KBK &aeppauRH JIHH3hl 3aBH~HT oT neJIHne~uocTH rp~HeHTa 

UOJISI,TO BCe 3JleMCHThl KB~ynOJI:bHlfO MarHHTa o6pa6aTHBaJIHCL C 

TOqaOCTLD AO 0,05 uu,qTo 06ecneq~BaeT CID!MeTpHD JIHH3hl He Xy.Ee 

O,I MK. 3Ta TO'D!OCTL li3fOTOBJieHHSl JilUI3bl Heo6xo;urua Kazt ,lJ)ISI ynpo

JileHHJI DCTHpOBKH JIHH3hl, Tax lt JVISI ClaH60Jiee 3~.XpeKTHBHOro HCUOJIL30-

Ba.HHSI ee anepTypH. 

Ha pHc.8 npHBe.l{eH BHelilnHtt mn: ,ltByxcexnHonuon .Ma.rHHTHoil 

JIHB3hl c anepTypott 4 eM. Jl)uma xa1.14ott H3 ceKitHil £ =28 eM, pac

CTOSIBHe Uex)zy CCK:U:w:IM11 d =30 CM H MOJECT 6HT:b lf3MeHeH0 B npe- v 

,IleJiax OT IO CU }1.0 50 C.M. Kax.D:asi 11:3 8 B036y.EAa.DllHX KaTymeK HMe

eT DO I50 1 5 BHTKOD MeAaott npOBOJIOKH AHaMeTpOM 3,52 MM B'6y.MaE

HO~ H30JISIUMH. ilHTaHHe JIHH3hl ITpOH3BO){HTCJI OT ABYX CeJICHOBhiX Bhln

pHMHTeJICll BCA-6 C MaKCHMaH:bHhiM TOKOM ~ =24 a H HanpHXeHHeM 

V =24 BOJILTa. Maxc&an::bHo-noTpe6nSieMa.si UOLIUIOCT:& K8lt.I(oil cexUHu 

He DpCBHWaeT 400 BaTT. WarHHTHOe UOJie B 3830pe MeZ){y llOJimCaMH 

H3Mep&JIOC:b C UOMO~D qmDKCMeTpa ~anon H3MCpHTeJILHOil KaTywKOM 

C AHaMeTpOM 7 MM It tmCJIOM BHTKO B OKOJIO I000 ( ~;::; I26 CM2). 
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Ma.KCHMaJI bHHiii rpaJU{eHT B 38.30pe l CM- 2000 3p ./CM • B 3a30pC 
) 

3 CM- 3000 sp./CM.(pHC.9). 113lBHeHHe 3a30pa npOH3BO.lUUIOCb 3a 

C'leT C~eMH~X nonmcH~X HaKOHe'IHK~OB H3 CTaHH G-3. Oxa~eHHe 

OClMOTOK B036~Hl1Sl -eCTeCTBeHH)e. ilpH cpopCHpOBaHHOM peltHMe 

JJ)ISI U = 16 aM )t0flOBlU1TeJibHbltt reiiJIOC~eM npOH3BO)UfTCSl C llOl.IO 

B03,1CYWHOrO BeHTHnllTOpa MOllUIOCT:b 0 75 BaTT H nPO~bOAHTe(\&H.oc.T6tO 

HeOClXOJ'{.HMa.H TOtUlOCTb pTa6HJI 43.81UU1 TOK8. B B03CSJFZ.ltaJ»ltl1X 06-

UOTKax BHH3U .uoxer 6~Th oueneua CJie,IUTJ.llllHM o6pasou. 06num 

BHTKH ~I?= ct ~~ a'%,la~~,OTCD)ta o/tJ: !;t:lz /(p..lCll~ t a 

<!/ = c2 ~cu 
B~pa.sHM H3MeaeuHe rpa;uteura noJI.~ npH H3MeneHHH roKa 'lepes 

H3MeBeHHe rJiaBHOrO <l,XlKyCHOrO pa~CTOSIRM ~ M3 COOTHOllleHIDI 

ir = c._, ve,2 ( 2/.s (J +- o) : 

- cj: = ycu 3d;, f~( %e~ J) = ~ V;. 
Tw~HM o6paa OM -51= - l. ~ E · 

M13MeHeHHe ze cpoKyCHOrO paCCTOHH 11ll npitBO)tHT K U3MeHeHHI> UeCTO

flOJIOZeHRH "H306paEeRHSI",qro B CJOTBeTCTBHM C ~opMJJIOM (IJ) 

npHBo,lUfT K pacmHpeHI.m "HsodpaxeHM". Tax Ka.It ;F.:: J • d ,ro 

d£ otP _:_f,c- t= dt? 
- ,.c.z.. =- Pz WIH ,= - P P 

liO)tCTaBBSISl 3Ha'leHHe ~~~~ B CJOTBeTCTBHH C ~OpMJJIOH (13), 

noJiy'laeM 

(15) 
d:; L:> 

Ilpl1 ;y- =,:t0,0l , ..F :::200 CM , 1 =600 CM H :if =1,8 CM. 

seJIHtiHHa "n3o6paxenMH" M 6yAeT z ;t0,2 eM. 

Ta.KHM o6pa30M cne~er,qro npM ~)KYCHPOBKe nyqga He Tpe6yeTCll 

cnenY.aJibHOlt CTa6WIH38.UUIII TOKa. ~13MeHeHIIIe BeBH'IHHbl TOKa JII3-3a 

narpeBa 06MOTKH npOHOXO~T MeJJ)IeHHO H MOXeT 6blTb CKOppeKTMpO

BaHO Bpy'UlyD. 
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3. illTHPOBKA Jllill3bi IIO .ffi'OTOlillOMY IlY1lKY. 

YCTaHOBKa ~HH3U OTHOCHTeHhHC nyt~Ka RBRHCTCSi 0~0~ M3 

:rpy~oe.MK:wc onepunm1,:rax &ax nenc.pcuure~hHOCTh ocn Jimt3bl n nyt~Ka 

npHBO,lU{T K ero CMelijeHMIO H pa311JI11 ~UO 1130C5p8lteHMa. Tart Ka.K KalrJta.R ·. 

ce&nna JIHH3U B OT~Efil>HOCTM ~aeT ~e«uum ~xyc,To YA06nee yeT 

HOBEY npOii3BO;uiT:b noceKI.UfOHHO • .iJIH OTAWibHOii CeitiUUI qJOKYCHOe 

pacCTOSlHHC J~ a,z
1

e l'I 3aBMCHMOC1b ;- OT w 2 
BUpa3MTCJI np.a-

' ~ I ~ / 
Molil Jnmue~: e =w c: - c1 ,r~e o:rpeaoit o =- - c1 o:rcexaeTCSI na 

OCH ; (p:tm.IO),HOO KOrJJ;a c/=vc ,npSD.Ia.H JIHHHJI npoil.J;eT 

.!. e 
/ 

/ 
/ 

/ 

P11c.IO 
. 

t~epea natJaJio Koop,IUma:r n 6y,n:eT onpe~eJiaTI> rJiaBHOe q)mcycuoe pac-', 

~ ~ ) 3aBHCHMOCTM OT UJ i.,.OT H<l.Ma.I'IIUtiUBaJOlltero llfiita 

3Ha.H pacCTOHHHC cl )tO "O,'llCKTa", HCl.XO)UW B 3aBMCHMOCTli OT 

cuz HJ1!1 BeJIHtiiiHY na-

:uarnntnma.~>mero TOM. n o6paTHO ,naxo,n:SI ;nmenuue tiJDKYChl na p8.3-

Jntt~HhlX pacCTO.fUIH.HX OT CeitlU'lH,110JltiiO 3KCnepxnvteHTWibHO npoBep:L-ITb 

MecTonoJioxenne "o6'lleKTa". J:ra aaBHCHMOo/Th ~aeT YA06Hhlil cnoco6 

llCTMpOBKn Jilm3bi OTHOCHTeJihHO nyq[(a. A ltiMenuo ,ceKI.tHR ycTa.uaBJIH

naeTca Ta.K, tiTOOLl MlUIHMWibHOtf nnqHflihl JlUHeHHllle clJOKYChl BO B3aHMHO

nepneH,IJ;UKYJISipiibiX llJIOCKOCTtlX COBIT~[lJ111 C Ha.npaBJieHMe:U: OCHOBHOfO 
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nyqxa. H~ xaxoe nonoxenMe Ann o6oMX cexuHn HHH3~ 6SAeM 

m&eT:& onxma:an:&soe ee noJioxesHe,ne Aa.Jlll\ee MCKpnBJieHrui ny'IKa. 

TaKaa sacxpo~Ka ocy~ecxnnanac:& nrxeu cnaxHH anxorprui~ ny~a 

ua cpoxo6yuary. Hacxponr~a nHH3~ a a. .ttBonuoe qoxycuposruum npom:s

BO.IUUiac:& C fiOMO~J) MaJIOit HOHH3aiJ;kiOHHOt1 KaMepJJ (IIJIOll{a.)U) CelleiiWI 

~I CM2) ,yCTa.Ha.B1IHBaeMOt! B cepeArute nyua Ba 3(1.14a.HHOM pacCTOSI

HHH OT 1IHH3U. CTpO.f.I aHMOr11'1Hilltl rpwpmt )tJI.H ,ItByXCeKl.U10HHOii1 JIIDI-

3U,.ltJI.H KOTopon rpoxycnoe paccTo.mnte ~-= cuYf! YYkd) ,ud1;rtel.1 

snaqenHe rp~Heuxa (toKa),seooxo~HMoe ~a ~onnoli q~KycgpoBKH 

na s~auswc paccxomrMx. AcxoaTa3M "lt:JoOpa:EeuH.H" HCnpaBJiaeTca : 

H860JI:&illHM H3MeHeHUeU COOTHOmeHHSi TOKOB B CeKIUUIX Jilm3~, 3KCne

p&eHTa.JI:&HO -YCTa.Ha.BJiliiDaeMDe no Ma&CmreJI:&HOMJ llOK8.3a.HlW MOUH3 

UHOHBOtl Kauepa • 

.IIJISI ,ItBYXC8KIUIOHHOi1 1IM113~ C napaMeTpWJM : (! ::28 CM, 

ur:3o cu H c/ =300 c:u: ,ItJla noJI yqeu:wa nso6pa:llteHHa ny\IKa na 

pacCTOSIHMX _f' ,pa.BHLlX 200,600 H 1000 C.M OT JIJilH3U H806X0,14Ml4Ll 

,nJIHHH <Jx>KYCBUX pacCTOSilnrtt ,7 ,paBHL18 130, 200 11 230 CU 

COOTB6TCTBCBHO. Cpe~me 3HalleBHSI rpaA:HeRTOB npH 3TOM ,ItOXEHll 

6UT:& 2060 3p./CU: ( ;J .c:: 18,7 aM) t 1600 3p/CM ( ;J =13,b aM) 

H 1490 sp/cu ( j =12,8 aM). CpexsHe ssalleHHH rp~MeHTOB B 

JIHS3e,nOJiytl6BBHe 113 3KCnepHMeHTOB C nytntoM npH )tBOtiHOi1 filOKYCH

pOBKe na yKasaHHblX paccxomnUiX 2020 3p/cM ( 'J =18,25 au), 

1580 3p/cM l ..:J =13,65 aM) H 1460 ( :J =12,5 aM), T.e. naxo- · 

JtSITCH B xopome:r.~ corJiacHu c ;tpyr~MH sKcnepm..wnTan:&uWJJ4 n pa.cqeT-

HUMH )taHHI:.U.Ui. 

PacCTO.HHHe Mez}Iy CeKnMtm JI~H3bl d=30 CM 6WIO OflTID4aJI:&HHM 

,nJISI pa60TL1 JIHH3Lt. YMCHLJBeHHe J" ,ItO 20 CM He3Ha\IHTeJI:&HO yne

JilfqHBaJIO HCllOJih3Y8MJI> anepTypy JlHH3h1,HO CTaBMO ee B neB~rOJUUH 
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ycJIOBR.FI no xeWioBouy pelltuy. YBeJint~euue xe pacc:romtif.H npMBo

AHT K yMeHbWeHH~ 3~KTMBHOW aneprypu. il03IOMY BCe 3KCIIepH

MeHTH C JIHH30U npOH3BO)U11IHC:b npPI llOCTORHH011 paCCTOmt:V.U 

~=aO CK. Pa3MepH "M300p~eHM.H" nyqxa,c¢oKJCHpOBaHHOrO Ha 

pa3HLIX pacCTOSIHHSIX OT JlltiH3bl, pac:ry:r C y,lW.JieHlfell OT Bee. Ha 

paCCTO.FIHH~ 3-X M. OT JlHH3~ BeJiaq~Ba Iti300paAeHMH He npeBblWaJia 

Kpyra ~HaMeTpOM 13 MM, aHa paCCTORHMH G M.- Kpyra ~MruleTpOM . . 

40 MM. Pa3Mephl n.axaa onpe~eJimiHC:b no pa;I.ItioasrorprupaM nyt~Ka, 

IIOJiy'tleBBUM Ha HaTynHO~ nRaCTHH€ TOJI~O~ 2-J MM. Ha pHC.l1 

npHBe~eBH q~TOrp~HH DY't~Ka Ha pa3Jl~quux pacCTORRHHX OT JlHH3Ll 

npH ,llBO~HO~ ~KYCHpOBKe. 

Cpe,D;Hee yBeJIHlleHMe IUIOTHOCTH tla.CTMIU B npOTOHHOM nyqKe 

paBHHJIOCb 4,5,'170 COOTBeTCTBYCI HKEHeMy npe,D;e~y B OUeHKe OZH

AaBU:OrO yBeJIHlleBHa MOTHOCTH. l.eo,IU~oKpa:ruo noJiyqae}.lme B onuTax 

yBeJIHqeHHe IIJlOTHOCTH B 6-7 p83, YCTO~tlHBO He BOCllpOH3BO~OCb 

B padore. J:ro,ot~eBH)UIO, od'bacns:e:rca ue,JJ;oc:ra:rotmo rotiHo nocnpo-. 

H3BO,llHMhlu:H YCJIOBHHMH B YCTa.HOBE.e JlHB3hl no nyqzty KaK 3a C"leT 

yCTaROBKH CaMO~ JlHH3LI,TaK H 3a C"leT CaYOrO Tiy"lKa, IIOJlOXeHHe 

ItOTOporo 38.BBCHT OT YCTa.HOBKH C1TKJIOHSli>.UUIX nJiacTHH )JJISI ,JJ;OIIOJl

HKTeJI:&BOro nooo pora nyt~rta B pacceSIHBOM noJie Maraura mecrHMe:r

poBoro CBHXpOI.UIUOTpOHa. liJIOTH(ICTL tlaCTHU B nytJ.Ke llOJISipH30-

Ba.HHLIX npOtOBOB, o6pa30Ba.HHhlX Ha BHyTpenBeti MlmteBH,. yBeJlt-ttieHa 
I 

)J.ByXCeKUHOHHOI! JlHH30~ C anepiYJtOti\ B 4 CM D 2, 5 pa3a. ).l.JI.a JtaiiL- :' 
I 

ne~wero yBeJI~~eHHF. nJIOTHOCTH ~'wHoro nyqxa- H3ro:roaneuc Tpex-

ceKUKOHHaH JIHHSa C anepTypO~ t CM (pHc.I2) Y. MaKCHMaJILH~M 

rpaJU1euroM 1900 ap/CM (piic .13). ,J;nma KpaJ1Bl1X ceKuntt no 

20 CM,cpe,IUien -40 CM, C npoMez::r:rKaMl1 B 15 CM. B KatleCTBe 

npoBO,IUIHKa B3SITa W.e)J.Ha.H TpyOI~a C BHClUHHM )J,HaMeTpOM 7 MM U TOJl-

IUHRO~ cteBoh: I, 5 w. OX..'!WEJteH:Me rpy6oK BOJUIHoe. Ha pRe .14 

i 
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npHBe~eHH paauepu CeKUMH ~MH3H. ]WOTBOCTL ny~a nO~HpH30BaHBUX 

npOTOBOB Ch.vza yBeJIHtleHa C DOi.IOlllDD TpexceitUHOHH0£1 JIHH3H npKMep

HO B ~paaa. Taxoe Xe yBeJIH'leHHe DJIOTHOCTH llaCTHU no~yqaeTCH 

H npM BHK~DtleHHOI Cpe~He~ CeitUHH C npOTHBODOJIOEHUMH fiOTOKaMH 

B KprutHHX CeKUHSIX. 0TCYTCTBHe npmwy~eCTBa TpexceKUHOHHOH JIHH-

3U nepe~ ~BYXCeitUHOHHOH- B AaHROll CJiyqae o6~HCRHeTCH He~OCTa

TO'IHl:Ul 3HatleHHeM ee rpa)UteHTa B ;~aHHUX YCJIOBHHX OfiHTa • 

.liJIH ~KYCHpOBKH nyt~KOB ll+ -:u:e:sOHOB B AHarta30He 3HeprHti )tO 

400 M3B 6H~H H3rOTOBJl eHhl ceKUl'IH c: aneptypott B 120 MM H ,lVUiHOI) 

no 20 CM c Maxcru.tanLHhlll rpa,ltHeutou IIOO 3p/cu. Ho np:m.reueume 

OAHHO'l.HOti JIHH3ll H3 ~YX yxa3a.HHU:~ CeKUHtl 0Ka3a1IOCL He 3<W)eK

TJiBHbiM, TaK KaK Me30HHI:le nytiKH C BHJTpeHHett MWlleHH,Ka.K fiOK8,laJIH 

3KDIIepiDteHTH C .IUia4JparMHpOBaiUieM nytiKOB, q)OKYCHpOBaJUICL pacce- ' 

HHBUK flOJieM OCBOBHOrO 3JieKTpOMarHHTa. AHH 3qqJeKTHBHOrO npHMe

BeHHH KBaAPYfiOJILHUX JIMH3 He06XO~lWO q~pMHpOBaBHe pacceHHHOrO 

fiOJIH BC5JIH3H lle30BOOC5pa30BaHHH. 3~~0 MOl!:eT 6h!TL OCYJaeCTB~eHO C 

DO:Y01!4LI> mmompyDUUIX IlJiaCTKB (pmc.l5),o6pa.3yjlllHX B COOTBeTCTBY

D~HX ceitlU{JIX no~e 3BaxonepeMeBuOJ~o rpa.AHeuTa. Pacllet no~n m 

rp8JU(eHTa C ytieTOM OTp8.1ieHBH B flO~DCax MOXeT Cihlt:b npOH3Be~eH 

no H~£enpmBe~eHHHM q~pMJHaM. 
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.rtw. j_:) .. 

r )l.e n =0 -.U,eltC TBKe OCHOBHOH illlUOW, 

t1 =,:tl -.n.e£1CTBHe 07 nepooro UTpaltCeHKSl K T .)l.. 

,L.II.H )J.BYX IIJiaCTHH,CMW!eTp14tmO OTC~:o.a~IDC O'r 38.30pa 

oa ( x~ a.. L .x-a.r} 
fJi z=- Y~..f-=~ evt1J 112- h - IU:cd n.2-;; u 

r,n;e n = 0 K +1 -)l.etlCTBJile OCitOBHOtl WIDD.W C "ay.aeBHM" 

oTpaxemieM ;) 

n = -.[ H +2 -,ltellCTBUe OT nepBOrO OTpa1CeHI.1.H J.1 T .,»;. 

*) JQwe,.:::,~ cs>~~ ~~ ~c.~&'~~ r ~ n::o 
n!J~ ~ u~-~~ ~~ ra_."""") ~ ~ ~~ ~-
~ ~ ~~ ~~ ~-~ ~~c.J r 
~ )1=-o., h=r/, ~ ~~ '-d ~~ ~-
~q_.r~ ~~ t?'kn ~~if ?"" ~ ~r4e ~ 
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3 a K ~ m q e n H e • 

llpu.MeHeiiHC ICBa,n;pynOJI:CHllX JIHH 3 C D1:~tleyi~B.3aHHbiMH napD.MCT

palm,ll03BOJIHJIO yBeJil~ttliT1 cpe,IUIJOIO 11JIOTHOCl'L qacnru; B npOTOHHOM 

nyttKe B 4, 5 pasa 11 ITOJIJl!l!TL B 113:,!epi!TeJibHOM ll0.lUt:r:bOHC Ha :pac

CTORHHH I5 MOT KaMep~ I.I09 
nporOHOB/CM2

ceK. D pe3JJibTaTe 

IIOBb!IIIeHM.H n.'IOTHOCTI1 r!pOTOH~OfO riJTJ._I':.a 3HUttHTC.'1LHO pacnmpeHll 

3KCriepH.MeHTaJI:bHhle I303MOllCIIOCTH ,IVIJI pOOOT C nytJICaMJII BTOpirt-lHhiX 

ttaCTMU ( II+ -Me30HOB ~! llOJISipM30BU:iHUX rrpOTOHOB), fiOJiyqaeJ!'JIX Ita 

BuemneM ny'lKe. 

PadoTa no ¢tn~ycY.roBKe sapsr:m:~~HHLIX t~acnn~ or urecrlrueTpoBoro 

CHHXpOUMKJIOTpOHa 6LJJia BhlflOJIHeHa ~~oMeCTHO C rpyrrrroll (m3IU~OB

RAepl,mtOB- Hera.HOBbl:M .l:i.C.,CaBt~em:o o.n.,MyXMHblM A.l1., BaCiiHI:.lM 

B. H ,n;p. np11 flOCTOffiiHOH no,uep:uce ,li;MpOKTopa JI51II Ol'i.llii TOB • 

.[..'lleJieiTOBa B. IT. Bee OCHOBH!.Ie BOTipOCbl pacqo Ta lvrar'HHTHOti uemr 

I~BtUpyno.!J:&HhlX JIVJI3 v. oOme:t:t cxeMhl pac5oT no ciXJKycupom~e o6cyx.n;a

JIHC:& c BJI8.BHI:U!. mi:ateHepoM mm OVillH TOB. 3a.MOJIO)J;liVJ..KOBUM £.11. 

blHorHe Bonpochl rpMsmn1 cpoKycnpo:sKH or>cyill:,n;a.n:MC:& c HatlaJihHHIWl.i 

ceKtopa T.,l.l).{HTp~~IeBCltillL E.rr .. KoHc::pyMponauMe JIMH3 npoR3Be,n;eno 

B KE Mill Oltiil'l Hm:tenepcnm T. T. :Lr,HKODm.! H.l1. n CcueHOBhlM E. D. 

JlMH3flt H3rOTOM eHM B 3KCnepHUeHTll.JihHUX MaCTeJ1Cl!;ItX Jillll O~Lfm. 

llpH60p ,n;JI.fl R3MepeHI1.fi 11JIOTHOCTR l!hCTlil~ B nyliKC uUJI pa.spa60TaH 

CTapEIID4 MlD!teHepOM yCKOpl1:TeJihHOrO ceKTOpa TOE.P03aHOBhUd E.11. 

DeeM yi~a33.HHbtM Bbtrie J!!~D.aM M :r::>JIJieKT:v.By pa.6oliHx,np.mviMaB

umx ytiaCT!-te B M3rOTOB.1J8HlU~ JIM:!3, aBTOp npzHOCMT CBOI> dJiarO-



lLJLT e p a T l JL!! 

I. Courant E., Livingston M.s. ,Snyder H., Phys.Rev. ~,!!90(!952) 

2. Cork n., Zu.jec E., Phys.Rev. ~:' 85JA(I95J) 

J. Shull, F.B., MaoFa.rland C.E. ::.m<l Bretsoher M.M., Rev.Sci.Inst% 

~. )64(!954) 

4. naaH~OB B.M., !MHTpHeBCKHM B.rr.,qeCTHO~ A.B., 
xypHa~ " fipH60pH H TeXHHKa 3KCnepHMeHTa"~ 3 , 1956 r. 

5. llHpc - TeopHH H pacqeT 3~eKTpOHEHX nyqKoB. 
Hs~. CoB.paAHO, ~956 r. 

I 



llu.c.l;. 



t.,utwel I I 
I I l ~ f.M . 

Au.S 





csoo 

ISOO 

IIJ{JO 

SIJ(J 

.3HOLIPHUP cpar;ur>Hmn nflnq !J. it?f7,trttrtmcmuommo!fo _ o !(BagpuYnctJbllt 'fl'! "!G2flurnt · ijlil iilt ,,,n :'8,:n canPp;m~pou3 u ~C/11 
flaoopamopuu t,iqi'(JHb!X .'./101 ''/I'M 0/Jt;/U 

.JNa-.-?-<:..~.1? .?<-'.:J_;'<.:e-. ~.:; 
!~e-.mpe "'(N~<'- --,a 

\'Jf'MI£S. ('1'1 • 

5 fO 

Pnc. 9 

I 
an!?Ct7it,'.JD-+ o: 



l 
l 

3 
d 
II 

~ 

.. 

i 
' r t . ., 

" l 
I . ., 
~ 

~ 

I 
• .i 
~ 

~ 
I 

At 
j 
/.. 

tJ 
~ 
~ 

·. .. 
ct 

l 1 • t' .. 
J" 

l 
- '-• a-

" .! 
.r 

' f(l 

G. 4 , 
t!. 

I 



~ ~ 

1 
~ 

~ •· 
~ ~..., 

s' 
~ 
( 

\ , 
v 
0 

~ 
e {. 
) 

" ~ 
~ -~ 

~ 

~ , 
\,!) 
I 1 Q_, \!) 

,, 
~ 

~ 

~ 
u 
~ 
~ 
::· 
1 
~ 

1 
} 
' ( 

" ~ 
I( ' 
t <I 
\.. ~ • 
~ ~ 
l 
~ 
i ~ 

4 \SI 
II 

Cl. 

' .,. 
\ 



u 
' ' 





.3HOI.IIJHUQ apOgUPIIma nonR b J:QbUCU!fOCfnU Om mOKO 
8 Kllt;JBPflf1011bHOif "aeHum~ c QJ7tJpmS~pou 8 u 12 C/111. 

fla&fJDmopw IJgflpHb/X. npoDt7(1M OUt;IU 

dta<ll'!t'lL~ c!.JX1glL~H/110 
fl/~Knpi' NO~NU/110 

( ~11J~j' / (',of) 

IL-------------------....,..,---- .:!t.tllfll. 4DD 
f(!C 

Puc.13 


