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OmmtmaeTcH mmapaTypa, npe.JUiass;a'l!eHHBH ,JJ.11Sl HsyqeHJJJI 3Hep-o 
reT~'I!ecK~x cneKTPOB s~eKTPOHoB H npoTOHOB o saeprH~ oT IOO ~o 
20000 eB B OROP.039MHOM KOCMH~SCROM DpOCTpaHCTBe~ 

B xaqecTBe ~aT~a Hono~aoBaH a~e~TpOOTST~ecKH~ SHaHHS&
TOp c cHcTeMof! RaH8JLI,HW!: a.n:exTpOHHHX YMHOJIUJTe.n:eit /Ka'J I, pa6oTaB-' 
llrnX IDJ·peJ!tHIM6 0'!6'!'8 OT,II;9Jll>IU.IX m.myJ.U>COB • .l{.ltllnpeo6paaOBatmJI CRI>
poCTlii Ct!STa :E ~Itl$1peHI4!18Jil>HYfO HHT8HC:Ii!BHOCT:& noTORa 'IJ:acTl!It aRC·· 
nepMMeHTanDHO orrpa;n;e~ca aaeproreoMeorp~ecxuit xoa~~eHT M 
9~RTHBHOCT~ perBCTp~~ sa~qmeHHHX qaCTBit HS BHXo;n;e BHanHSa
TOpa .wm xtaJ~~Aoro Kaw. Pacc!Vf.aTpHBaeT.OJ! np~n nocTpoelU'IR aHa.Jm"" 
saTopa, ero CTpy.KTypHaJI CXeMa M OCHOBHHG xapaKTepHCTBRm. 

AnnapaT:f'}la ycneiiiHo pa6oTaJia H:a crryTIDIKe "KocMoc-900". 

0 kfaAaH.O 8 HIGI A"H CCCP, MocKBa, I980. r. 

........ 

BBFJWIDIE 

llOC~e~ee ~eCJITHX6TH6 OT~q&STCJI HHTSHCHBHHM paSBHTBSM 

KOCMH'IJ:60Kl!X BCC~e,n;OBaHBit, xapaKTepHS~XCR KaK MHOrO'IJ:B~GH• 

HOCT:blO npOBO~HMI:iX HSMGpeHH~, Ta.K E MHOI'OOOpas:HeM HB.IIpaBJieHHit; 

UOBHWeHHeM C~OXHOOTH HOn~syeMO~ annapaT~~H H, COOTBGTCTBeH

HO, YBeJllf!leHl!eM MO.IUf~lii~W.UUI npmMeHJieMHX npu6opoB. 

~i0I'B6 113 BHnonH6HHHX BRCnepKMeHTOB 6unH OBJISaHH C HSMepe

HHJIMB xapaKTGpHOTHK KOCMH~GCROit nnaaMH· H IIOTOKOB sap~SHHHX 'IJ:aC

'l'Hl4 C aHeprHJIMB OT CO'l'6H 9~6KTpOHBOJlbT ,ItO CO'I'eH KH~08Jl6KTPOH-

BO.Jll>T. 

B HaCT01111166 BpeWI lfHTepec K 3'l'HM HCC~e,ItOB8li:H.flM BOapaCTaeT 

eme Oaxbwe BB~ HX o~ecTBeHHo~ aaa'I!BMOCTH AHH ~sHKH seMHo~ 

~oaocwepu·u MarHHTOCWepH. A HM6HHO, MHOrHe re~SH'IJ:eCKHe JIBXe

lUJJI, TaKHe Ka.K a.BpOpM:&HHe C06HT:HR:, Mal'HH'l'HHe 6ypH, ,tU!HaMHRa 

~~OHHHX . IIOJICOB, HOHOC~pHUe aepery~HOOTH 1 norHomeHHe 

KOCMH'IJ:60KHX ruyMOB npRMO RHH ROCBGHHO C~SSHH C llOTO~ sapnxeH

HHX ~acTMl4 yxaaaHHHX aHepru~. B 'IJ:aCTHOCTU; :ac~e~OBaHHJI npo

C'l'paHcTBeHHo--BpeMeHHHX BapH~ft xapaKTSpUCTHK UHasMH H UOTOROB 

aap~GHHHX ~aC'l':H~ llOSBQHJIT nOHJIT:& MeXSHHSM BT0~6HUJI HX B MarHH

'I.'OCrl>epy H BJIHJIHHe STOI'O BTOplK6IDUl Ha COOHT:HR: B UOJIJJ.PHHX o6Jrao

Tmt 1 onpe~eJIHTb RaK npHpO,Jzy, 'l'aK H 06JISCTH YCROpeHHJI 'IJ:aCTHl4 II 

T.,It. 

fiOC'l'aBJ16HHbl9 sa,na'IJ:B npe~~T ,ItOllOJJlUITeJlbHHe Tpe60BaHHJl 

It annapaType It'! M6'l'O.I(HKe lf3Mepemdl, a TaK1it6 R TO'!HOCTH H a,neKBa'l'-
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HOCT.H llpe,miOJie'!'HHX KaJ.Il'IOpO.BOK ( I - 4} • 

nonmue~me l!!HWOPMa'l'HBHOCTH, YJly'lnlleHHe SHepreTH'IlaCKHX. yr

JlO.BbiX H BpeMeliHHX xapa.KTepl!:C'l'lflt annapaTypH DpHBeJIH K DOJmllernm 

P8.3J1Hl:lHbiX MO,IU!@IK~i:l! rtp.H60pOB, B KO'l'Opwt O,IUIOBpeMeHHO BCDOJlh

syeTC.fi HeOKOm.Ko ~!YBC'fmiTeJI.'bHHX aJieMeHTOB ( 5 - I2] • ITpHMeHe

HHe B KSl:leCTB6 ~YBCTBHTeJI:OHbiX SJleMeHTO.B KaHaJibHbiX SJ16K'l'POHHHX 

YMHOJKHTe.J.le~ (KOY) • BeC:OMa EIKTMBHO HS'IlaBilleecSi IIJ;>BMepHo ,ll;ElC.fiT:h 

Jie•r Ha.aa,I~, .zta.Jio OoJI:ourne .BOSMOJKHOCTH AJIK cos,n;rumH D®00Hh!X np:u

. oopon [ 5 - I2 J • 
BOJil.WHHCTBO H3 OilHCSinlHX !VIHOI'OKa.HaJibHbiX CHCTaM npe;I{CTa.B

JUl:eT COOOti, no CYD\eCTBY, C0116Tamfe HeOKOJI.'b.KHX O,ItHHa.KO.BHX O,IU{Ooo 

I<aHaJll>HHX .fil:leeR [ 5, 7 - I2j , IIpH S'l'OM BO MHOI'HX CJIYI!WDC KWK

,n;Wi .KafiaJI OW! H8C'l'p OeH HS per liCT.Pau:HIO O,!U{OI'O <})lmCHpOBaHHOI'O 5Ha

'll6HH.fl :me prom ( 5, 7 - 9 j . 

CYIIIElCTBeHHWi HHTepec npe,n;OTaB.IUDOT COOOi!: llpHOOpH, ,ll;aiOiqHe 

BOSMOJ.KHOCT:b I!OJiy'iaTL ,ItaHHHe 0 ~14 J?SCllpe,ll;6Jl6Hll.li aap.RJKeHHHX: 

llaCTHlt DO SHElpi'MJiM ( 13 - I5 ] , ~ei!:CJI OJU{Oi!: HS lla.xtHe:llimc 

Xapa.K'l'epMCTHit Wl83MH , KOTOPWI DOSBOJIJieT CY.IUITll He TOJil>KO 0 ee 

cocTORHHH H ocHOBHHX n apa.MeTpax, Ho u o p~e npoTeK~ n Hail: 

npotteccon. 

.)laruraJI pa6oTa n ocBJnlleHa on.Hcamuo annapaTypu, npe)UiaaHa

qeHHo! JJ.1Ul liCCJ16,It0BruUfJI !:lHepreT!fl:l9CKHX pacnpe,n;e.neim~ BHCHDa

XliiU!XCJi B HOHOOcpepy IIO'rDltoB SJI6K'l'POHOB U llpOTOHOB , a Tal~e A1Uf 

H3yt!6HHH BpSM9HHHX H DpOCTpaHCTDeHlWX 113M9H6Imi1 napaMeTpOB 3THX 

DO'l'O.ROB. 

• KOJ.U1.1lei<T a.rmapaTyphl (c KO).l;OBbiM HS3:BalW9M 1\Q-I) COCTOH'l' 

Ja3 &JiaK'l'pOCTSTHtH:CKOI'O aHaJmsa•ropa, CHaOJJteHHoro CHC'l'eMO.lt 1113 

IU!'l'H KEUiaJU,IUDC !3JI6.RTpOHHll'· YMliOliWTeJiei!: (KaY) , H OJIO.Ra SJleKTpo-
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HHKH. :snox-oxeMa annapaTYPH, noaBOJIJIIOllteii o,IUio:speMeHHo pemc'l'pH

. po:eaT:o SHepra'l'BllecRH.t! cneKTp aapSDKeH!WX qacTBll MSI IUITH aaa-qe= 

tm:li 3Heprn:lt, npMBS,ll;eHa sa pHCo Io 

.1IaJiae Oy~eT ,®HO OIUJCa.HHe STHX 9JISMSHTOB no O'l',ll;e.71:&HOC'l'll! , 

llpHBe,D;6HJ.I pesym.TaTH npe.IUIM6THHX KS.ilBOpOBOR, CBe,D;SHHJt 06 OCE!OB

HHX napaMe-.rpax cnexTpoMeT,Pa H np:HMepu saepreTlJllec:KBX cneRTpOB, 

nony-qeHHHX no BpeMH no.neTa. 

I. 3JIEKTPOCTATWIECI<!1A AH.AJOOATOP 

().'IU:UIM BS OCHOBHHX Tpe6o:aamd!, npe,ll;'W.I.B1I.SC$1 K KOHO~ 

~H H llpBHUHDy .u;e:ltCTBHa SJ16KTPOCTaTnqecxoro aHSXHSSTOpa, ~ 

JlOOh ~OBpSM9HHOe B3MepeHHe DOTOKOB sapJIEeHHHX 'lla.CTHU B Heo

KOJlhKHX SHepreTH'IlSCKHX HHTepBaJiax. -

llo llpB~ .u;ei!:OTBma paapa60TaHHHI aHaJIB38TOp npe,n;OTSBJIJI~ 

eT oo6o:tt, ua aam B3I'JI.flJt, 60Jiee coBepmeHHYIO MO~ npi160pb, 

OIIBCB.HHOI'O B pa60Te [ 6 ] o B np~Oope ( 6] DOTOK 38plm8HHHX l!ac

TBJl, llpOW ll.XO,lUIOe KOJIJlHMB:pYJOIIIee OTBepC'fHS, IIOIIa,ll86'!' B OTIUlo

JUiJDIII69 DOJie IJJIOCKKX. llJ18CT:HH, napaJIJIGJThHHX lJaliP8.R118BBIO DO'l'OICa 

llaC'l'Hlt; paa.u;eJIJieTCSI B 3amJCHMOCTH OT 9Hapi'D B Sa'l'eM t!epes Dpo

CTpaHC'l'BO .ztpe:ltqla. DOIIB,ll;ae'l' Ha cepmo ,ll;6'l'eKTOpOBo 0CHOBHl:IM HeJtf)c

'l'STKOM Ta.KO:ll: KOHC'l'~B, DO Ha!ll6MY MH6Hli!O, s:BJIJ16'l'OJI CpaBBH'l'6Jll>

HO HHaKoe aHepreTUl:lecKoe paapemeHBe, a r JiaBHoe. cymecTBeHHoe 

pa3JIBl:lH6 B paspeWeHBH 0'1' KaHaJia K Ka.HaJIY H SHSllHTeJil>HOe l'JORB.

EeHBe TpaeKTOpHit llaCTHJl C M6HbWliMH . 9H6pi'BJIMif 3S C'll6T .BJDIJDUUl 

KpaeBWC a<MJei<TOB npH BXO,ll;e 11SCTH~ 11 llpOCTpaHC'l'BO .ztpeaqa. B'l'OpHM 

CYi116CTB6HHbiM Ue,ItOCTSTKOM KOHCTPYKIUJH Jm7I.JI6TCJI !IJlOXM 3BIJU(TS BXo

,ItOB .zteTeKTOpon OT wouoBoro coJIHeTUwro HS.'IY"'ICHMJI. 

C ~eJI.'biO YMCH:OmeimJI BJlH.fiHM.fi KpaeDl,lX 3qlpeitTOB OTKJIOHJDllllero 

noAA, y.nyqmeH.ll.fi :mepreT:H'IecRHx z yrJIOBhiX xapa.ItTepHcTmt, a Tax-
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Puc. I. Bnox-cxeMS cneKTpoMeTpa. 

? 

~e a~TH OT woHOBoro conHe~oro Ha~eHHH HaMH 6ana BH6paaa 

,JU>YraH KOHCTPYKl'\11.11 npE60pa, np:r.m~n .n;ei!CTBHI! KOTOporo IIOK83aH 

HB. PHC. 2. 

B paccMa.TPHBaeMoM aHa.Jlllaa.Tope KOJLJUIMHPYJOII\M we.Jlb pacnoJio

~eHa B WlOCKOC'l':H O,I(HOit H3 IIJI8CTBH OTKJIOH.fiiOIJt6id: CHCTeMH. B STOia 

.lKe II.TlaCTHHe HSX:O~TC.Il B BXO;IUWe O'l'B6pCTM.Il, 38 KOTOpUMH paCIIOJIB.

raJOTC.Il ,I(eTeKTOpL! aa.pm&eHHHX 'ISCTIDh 

l!B.CTH!Ui llOila,II;aiOT B OT'.KJIOHRJ011466 SJI6KTpOCTB.TE'I6CKOe IIOJ16 

IIO,I( orrpe.n;e.lleHHHM yrJIOM o(, • llpOB6,I(6HHH6 pa0'!{6TH IIOK83a.Jrn, 'ITO 

OIITHMaJihHHe napaNI6TpH IIpHBe,I(eHHO! Ha pBO . 2 aHaJIE3HpJIDII\6~ CHC

T611lhl peaJIH3YJOTC.Il · npH ci, = 68 ± 2 1 5O • 

Ka.K B~Ho Ha pEcYHKa , aHaJIHS:HpYJOII\H6C.Il qacT:r.UH, npowe,I(JID'Ie 

qepea KOJIJIIiM:HPYIO~e ll\6JI6BI;le OTBepCT!fJI ~ H ~ B, ITJiaCTlme I 

r& aJIBKTpo.n;e liJIIOIIa,I(aJOT no.n; yrJIOM o(. B BJI8KTpOCTaTH'I6CK06 llOJie -E, o6pa30BaHHOe llJIOCKHMH naparwteJib~ 3JI6KTpO,I(aMH IT H ru. Upon-

~ no napa60JI8.M, OHH B COOTB6TOTB:Hli CO SH8'I6HHeM HX BHepl'liH, 

UOBepliYBIJJMC h Ha 180°, IIpH,I(y'l' K 3JI6K'I'pO,I(y II Ha paCCTOSIIDUf .X OT 

BXO.n;HO:tl: 11\eJIB ~ • 'faKHM 06pru30M, B 3a.BlfCHMOC'l'H OT SHepnUI H 

aap~& q~cTH~ npoEao~eT EX p~,I(eJieHHe B nOJie E c nocJieAY~meA 

perHCTp~e:tl: B TO'IKax !,2,3,4 H 5, COOTB6TCT~ II.IlTJ4 3H8'!{6-

HHSIM Talt HaausaeMoro "Koa<f$·m;neHTa BHHrpwa" ; 

m v:~ I 
K = -....!! ;cleU., 

2 ' 
r,I(e lfo - CKOpOC'l':& 'IB.CTlH.U 1fl - MSCca; 1e - 38p8;Ili IJ. - OTKJIQoo 

WilOUlltK ITOT6Hll;ll!m o 

AHB.JIJ43Hpyroll\a.SI CHCT6Ma 6HJia BH6paHa TaKHM 06paaoM, 'ITO B 

ItaHaJI I /K;;.:I/ MOrJIH nonacT:& qac·rlUUi c aHepn~e:tl: leU. ; B Ka

~ 2 /K=2/- C 3HeprHei 21til : ••• B KaHaJI 5/K=5/- C aHepra

eit 51..tli o Pc...~.;qe'l'Hiie aHal!eHH.Il paapewaiOme:tl: cnoooOuocTM no aHe:p

rH:IM AE/E B TO'IKB.X npl1eMI3. ~ -1,2 ••• 5 Ha ypoBHe O,I coCTa.BJIJl• . 

Jill 0,~2; O,II; 0,07; 0,055 ~ 0,043
1

cooTBeTOTBeHHo. 
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P:Jio. 2. U_paR•wamm&mw cxez_ MeK'i'pOmto-on

filllec:aoA. CI!.C'reW. 
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.lJ;m. YM8HJ:,W8HH.Il KpaeBWC :al{xl)eKTOB BXO,IUJ:Oe OKHO ~ KOJIJIBMH

p~e~ CHCTCMH OHnO SaTJiHYTO C9TKO~. 

TeopeTnqecKHe paoqeTH a ~aoopaTopHHe HC~e~oBaHB.Il HecKon~ 

KHX b~eTOB TIOSB~ OO~aTh OfiTMManbHYID KOHCTp~ DpH6opa, 

ITpHH~H~H8.1l CXeMa KOTOporo ilOKaSaHa Ha pHO. 3. 

1\a.K Me,JzyeT HS pHC. 3, S~CKTJ)OHHD-OllT:If!J8CK8.1l CHCTeMa np:H-

6opa pa8MCII\S6TCSI B M6TaJIJilfll8CKOM KOpnyce 8 1 :HM6IOII46M IIp.RMOyl'OJU.

H09 mco~aoe oTBepcTHe. Kopnyo saxpHT cBepxy H cHHsy KPHWKSMH 9 

E IO. 
KoJIJlliMEpyroll!He 11\MH 3 ItJ 4 ..; npmt.oyrOJIJ:,HHe, we pasMepw a pac

nonozeHHe WOPMHPYeT yaKHe nyqKitJ qacTH~ H o6ecnequBaeT o6aop 

npOCTpaHCTBa B ILJIOCKOCTH pHC • 3 B npe.n;e.n:ax ,ti0 OT OCHOBHOl'O H&-• 

npaBJieHHH I d =68 ° I, a B ILJIOcKocTH, nepn(3H,lUffiYJIHpHO~ pHCYJIKY -

±4,5° OT HOp~ K llOBepXHOOTB BXQAHOl'O . OTB9pCTHRo 

0TRJIOHJ:l10lll8.1l ILJiaCTBHa 2 BM99T G-o0pa8HYJO tpDPMY', ee Ilp.llMD-

' yron:r:.H09 OTBepCTlle SaTJlHYTO ll090Jl0li8HHHM C9TOliHHM llOJlOTliOM C 

J~tie~oa 0, 5 x 0~ 5 ~, liTO no:lBOJl.lle'l' YM9H:&WBTI> oTpWiteHHe OBeT.a 

OT ilOBepXHOCTH OTMOHRIDlil8~ DASCTBHH. PasMepH .B ~OpMa nnBCTBHH 

(,IVIHHa 135 MM, WlflllJHa 56 .MM, BHCOTa KpaeB 2 MM) 06ecne1!HBallT B 

pa60'Il8M llpOCTpa.HCTB9 8Jl9KTpOCTaT:Hli6CK09 llOJie, 6J.mSK09 K DOJIIO 

6ecKoHeliHoro nnocKoro Ko~eucaTopa. 

HB.lt OTKJIOHRlOIIIe~ nnacTHHOA . napaJIJiemHo eit ycTaHOBJieHH sa

seMneHHue IL1I8CTHHH !' H 5, B KOTOpHX Ha paCli9THHX paCCTORHHRX 

H8XO,ll,ll'l'C.Il J'.l.}lacPPai'MHpJIOiqH9 Dp.RMOyrOJIJ:,HH9 OTBepCTH.f!o 

~epea COOTBeTCTByromHe OTBepCTH8 B nJiaCTHHax I B· 2 liaCT~ 
c onpe,D;MeHHHMH auepntmm nona,JtaiOT B TpY,6llaTue KaHaJIJ:,HHe aJI~K'l'

poHHHe YMHOl!WTeJIH 6, 6JIOK KOTOpHX YCTaHa.BJWB88TC8 B BepXH8M 0'1'

CeKe aH8Jili3aTopa. B STOM lite OTCeKe YCTaHallJU!BaeTC.f! OJIOK· BXO.lt

HHX aqeeK 7 :HMIIY~CHHX ycwmre.n:eit. 

,Wr.ll npe~O'l'BPalllCHE.Il . llOIIB,Jta!tH.Il H8 BXO~H KaY CBeTa, OTpWleHHo-
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ro OT SJI6KTJ>O~OB H CT6HOK IIpHOOpa, ClWia npe.IQTCMOTpeHa CHC'r9Ma 

aRpa.HOB II, pacnOJioxteHHHX Me~y ;rr;Bywr saseMJieHHmm n.naOTHH&m 

I B 5. 
ilpHOop BM69T 8 BHBO~OB, o6osHa~eHHHX Ha pMCo 3 (I- Ylli). 

BHBO~Y Ka.HaJIOB ( I...Y) K EMIIYJI:bCHHM ycM.Ill!Te.JI.ffil/l OKaHll:MBa.IOTCil npv.~-

6opHmm m!JIKaMIIJ CP-50-267~. Bxo.n; KaY (YI), BHXO~t I\aV (YU) H BH

:ao~ OTKJIORmOI!IeM WiaCTHH!hi (YllJ) OKa.H'DIBa!OTCJi cna~am.Hhll\m BHCOKOoo 

BOJIJ:,THb!MB pasi>eMaMH. 

BHeUIHidi BH,It rrpBOOpa ll0Ka3a.H Ha pHC. 36. 

2. CHCTEMA WBCTBVITEJihlll:JX 3JIEMEHTOB 

B Ka~ecTBe ~CTBHTe~HHX aJieMeHTOB 6~ ucno~soBaHH Ka

HaJI:bHHe aJieKTPOHHHe YMHOlmTe.;m THlla t~eTH_PeXKB.Han:r,no:f.l: J.WHe:lfiwit 

CnlipaJIHo 

ilpOBe~eHHHe HCC~e;J;OBBHH.Ii paa.lll!~HX TMllOB _K3Y ll0Ka3~o~TO 

YMHOaHT6Jll! 8TOrO TBna OTJll!qBIDTC.Ii llOB~6HHO~ CTaOHn:bHOCTDID H 

TOKOYCTOttiiHBOCT.i>IO, T.e. coxp8.HeHM6M H9H3M6HHHX 3HalleJmi Koew

~~eHTS YCBJI6HM.Ii npH fiOBHWSHHHX 3HatJ:eHHJiX BXO~HX fiOTOKOB 

[16, I?] • Ha :p¥Ic. 4 B rtatJ:ecT:ae npHMepa npMBe.zteHl:l i!H:TerpaJ!.bHHe 

aMDJIMTY.ItHHe pacnpe.n;eJieHMH_BHXO~HX HMUy~DCOB ~ ~9TNP9XRaHaJih

HOI'O B o.n;aoKaHaJibHoro KOY M.n;eHTHtJ:HO~ reoMeTpHH npH o~eHBH 

HX IIOTOKBME 9JieKTpOHOB C 9HeprRHMH 5 K9B ~ MHTSHCBmiOCThiD 

!0511/ C. HeTpy,IU!O 3~49THT:D, "liTO aMIIJWTY;J;l\1 BHXO,ll;IiHX :HMnyJU.COB 

'1!9Tb!peXKSHWII>Horo K8Y Bl:rule. ~eM y O.ztHOKaHaJIDHoro. 

HeoOXO,ItHMOCTh O,ItHOBp9M9HHOi perMCTp~H IIOTOKOB aapgzeHHHX 

~CTB~ B H6CROJI:bKHX aHepreTMt£9CKHX BHTepBaJiax npH BCIIOHDSOBS

HHH ~ 9TOrO HCCKCADKRX ~CTBHTeJIDHHX aH6M9HTOB B Ka~9CTB9 

,ll;9T6KTOpOB, Ka1MLrlt H3 KOTOpHX B ItaJ~mWl ,ItaHHW! MOM9HT npe.n;Haa

HatJ:eH .It1Ll1 onpe,neJreHHoro aHepreTM'I!ecKoro .n;.rxanaaoHa, IIpe;t'LStBJIJl-

eT H9KOT0phte ,,\OEOJJ.HMTM1>HH9 '!'peOOBBJUI.II K 9THM VDCTBl!Te.JI:bHHM 
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3JI6M6HTaM. A HM9HHO, H806XO,!\HMO II.PHHI4M8.Tl> BO BlmMaHM8 He 'l'OJUa

KO xapaKTepHCTBKH 3TDX aJICMSHTOB B 0'1',!\eJIDHOCTH, HO B yqHTHB8.'l'l> 

OT8fi8H:b B03MOJKHHX ki3M8H9HllH HX DapaMeTpOB OTHOCH'l'eJIDHO .JUlY!' 

,IU>Yl'8. Ka.K BO Bp8M8Hl'i , Ta.K H npH Ba.PI4w:tMX ::mepnm Jtl miT8HCH:&-

HOOTB BXO,IUIOI'O DOTOK8.. 

YtiDT!iBWi TOT if>axT. liTO napaMeTpw Km'. Kru< usBecTHO, :r.meJOT 

Beo:r:.MB. OYIIISOTBeHHliil. paaOpoc OT o6pasua K o6pasey [ 6 , 8} , a 

TaKES 06JI~aiDT CDOHC'l'BaMJ4 )~~eHBH CBOHX YCHJIMTeJIJJHHX OBOACTB 

BO BpeMSHH [ !8) H, OC069HHO, B npo.u;eoce p&.60Tlll [ 8,!9,201 , 

HBMH npOBO~HJICR npe~pHTSJIDH~ aHaJIH9·D8.paMeTpOB K3¥ B SaBH

CHMOCTJ4 OT COpTa; 3H8pl'HH H MHT9HCMBHOOTH liB.CTH.I.I; Ha BXO,D;e. KOH

TpOJIMpyeMbiMB napaMeTpB.MH .fiBJIHJII4ClJ aiPIJeKTHBHOCT:b KaY H aMWIHTY,D;

Hhl8 paorrpe,D;eJieHl!R BHXO.I{HHX H!vliiYJlbCOB. 0611198 '!l'ICJIO 1110CJI9.D;OBaH

HHX o6pa3.1.1;0B COCTaBMJIO- 80 WT • [ 21} • 

Ha pHc. 5 ~ fiRTH o6paa.u;oB Kmr. noKasaHH H3MeHeHHa a~K

THBHOCTH olle'l'a HMIJYJIJJCOB f, OT HanpiDJteHl'ln: DHTBHHR U" H a.MW!li

Ty,IUILie pacnpe.n;eJieHEJl lUim:yJIJJca A = r ( l~). liJUf o6.n:y-qeHHH HX 

aJieKTpoaarvm H npoTOHaMH. Us pBCJHKOB BH.n;HO, liTO )I,1IJl Doex KaY 

S .n;oc'l',uraerr --roo% M1l aJieKTp.oHon npH UK ~ 2,2 KB :n ~ npo

TOHOB np:l'l Ulf. ~ 3 ltB; MlillliMaJI.bHLie 8.M~L1Ilfry.n;LI BHXO,!\HHX !dMIIYJ.Il>COB 

cocTaBJIJnCT B o6o:Hx c.ny-qanx .... I, 0 B, a MaKCHN\YMH a.MIIJIHTY.n;HHX pac

npe.n;eneHHA Jie~aT B ~anasoHe 2,3 + 2,8 B • . 
XapaKTepHo, 'l'l'O ,II,JIR np:HBe.n;eHHHX o6pas.u;oB paa6poc napaMe'l'-

pOB OT SK38MnJIRP8. K SK3eMDJIRpy He3H8.~Te~eHe 

AM:rl.n:l1Ty.n;HLie pacnpe.I{eJieHHJl KSY np:i! o6JlytleHHH ero :meKTpOHa

tvrn E np01'0HaMH paaJW'lli.hlX aHepndl: np:HBe.n;em.t Ha pEe. 6a • .AM:IIJm

TY.D;N Buxo.n;HHX HMflYJIDcon )I,1IJl aJieKrrpoHoB oKas~oTca npHMepHo B 

I. 5 pas a Bhllll£; , li9M ,IV!Jl llpOTOHOB 1 a aMIIJll1TYJtHI':l8 paonpe.n;eJIBHBSI, 

COO'l'BeTCTB8HHO, 60Jiee yaiW:e H B M9HJJWeil OTeneiU'I satuWJ!T OT 

aHeprn~ E. 
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IB 
.KsMElHeHH.Ii BMWIDTY.IUil:IX pacnpe.I{eJieHH~ R:=JY OT BeJlHlmHH nOTOKB. 

Ha BXO.Jl6 nOKB.38HH Ha puo. 66... Ma pHC. 66 CJie,I{yeT, "'TO HeJWHeit

liiH6 acixlieKTH B pa60'l'e KaY · Ha'IHHaiOT HaC$JllO,IlaTJlC.f.t,. ec,JUI BeJIBllHHa 

liOTOKa Ha BXO,I{e npElBI:llllaeT ""'"l06m&I/C, 'i'l'O COOTBeTOT:syeT HHTeH

CHBHOOTH 7 + 8•!05'1/C. !3T~ 03HS'iaeT, 'ilTO .I{aHHuit THn R3Y noa:so

JI.f.teT. pel'HCTpupo:aaT:D · noTmm P ~ 106 c-1 npa.KTH'ieCIDI co IOO% a~ 
cpeKTBBHOCTl>il, eCJIH nopor qyBCTBHTeJI:&HOCTH yc:wmTeJUl palleH 

... I, 0 B. OTeneHi> no.f.tBJI.RlOll.!eiic.II c poc'l'OM HHT6JiCHBHOCTH HeJIHHe .. 

. HOOTH MO.'IKHO 0Il6HHT:D, CpaBillfBWI Bl:IXO,lUiYlO CKOpOCTll C"'leTa K3Y ,l1,JIIi 

paanux noporoB perucTpauHH. 

JlaHHUe pliO • 5 li 6 nOKa3NBa!OT, 'i'l'O eCJIH nopor 'lj'BCTBHTeJil>

HOOTH pei'l'!cTpMpYJOOte:li annapaTYPH He Bwe, 11eM I+ .1,2 B, TO ,l1,JIIi 

Jl&IHHX K3Y . 6y.I{eT o6ecneq;ena IOo% aqxpeKTliBHOOTl> perl'IOTP~H He

SaBHOHMO OT pO,I{a "'laCTHil H HX 3HeprHH. 

Ha pMC. 7, Ha KOTOpOM npe.I{cTaBJieHa JlBHaMHKa ·aMMHTYAHHX pao

npe,ll;eJI6HHH RaY no· npoweoTBHH. 2 .n:eT ero xpaHeHlul B Jia6opaTop-

Hl:IX yCJIOBHSD_C, CJierureT , "'ITO CYDteCTBeHHoe HaMeHeiDie BHXO.IUIHX na

paM6TPOB K3Y HM66T MeCTO ,I{Jiff 06pa3IlOB, CpOK H3l'OTO~eHHJi KOTo-

pl:IX npeBwaeT 2 r ·o.I{a. ,ltmi a'l'MX oopaauoB MliHHMaJil>HHe aMIIJIHTY.I{H 

111 aaa"'leHHa MaKOHtqMB. ~Ty,I.tHoro pacnpe,I{eJreim.f.t YMeHI>IliBilTC.Ii 

B 5 M· 2 paaa, COOTDGTCTBeHHO, no Cpa.BHeHHJO CO CBCllteli3I'O'l'O~eH

IWMH, Bl:IXO,I{HSJi OKOpOOTl> ·C"'ICTa ,IVIii CBeJKeH.3I'OTODJI6HHOI'O Ra¥ npB 

npo'IBX panul:IX YCJIOBHJiX cicTaeTC.f.t HeHaMeHHOK IIplrl HaMeHeHHlrl no

pora 'qyBCTBHT6~hHOCTH yCHJIBTeJIJi ~BOe- OT ~I . ~ 0,6 ,I{O Jl2 = 
I.2 B, B TO :apem Ka.It .I{JIJi .I{Byxro.I{H'llil:IX RaY oHa npu aTOM yMeH:&

waeTcm B !,5 paaa. 

Otie:BH,I{Ho, 'iTO O,ll,HOBpeMeHHaa perHCT:flauHR :awcp,JUWX UMIIYJihCOB 

.K3Y Ha paaHbiX ¥J>OBPJIX ,IU!CKIJHMlfHauHll aJieKTPOHHDit annapaTYPbl ,I{a

e'l' B03MOJKHOCTl> KOHTpOJIMPO:BaTl> B3MeHeH¥Ie MX j'C~JIHTeJlliHHX CBOHC'l'Bo 

&.ro 00C'l'OS':£Te.ru,'cTrib UeJiecoo6paauo HCIIOJlb30BaTJ> B npi!(iopax, YC'l'a

Ha:BJIHBaeMHX Ha CnyTHHKaX. 
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3. BJIOK aJIEKTPOHHKY1 

CTPYKTYPHM oxeMa QJioKa. a.ne:wrpoa~rut cneKTpoMeTpa., npe~cTrur 

oll.Rl0!1l6I'O C060it liJiT,Hltaa~HYlO CHCT61;1Y C O;LJ;HHM aill6KTpOCTB.THll6CKliM 

a.HaJIHaaTopoM, noKasaHa Ha P:lllC. a. 
IiJI'OK aJJ:eKTpo!UUW MMeeT WIT:& aesal3HCliMHX Ra.H~OB yc:HJietm.a: 

:awco,IUiliiX c:wrHaJIOB KaY , ;ll:HCKpHMIIHai~IUi u o6pa~OTK'H HHtp.OpMaltlrJil. · BH

Jt6.Jl6HES -qacTHIX ·onpe.u.e.n:eHHoro saaRa I4 aaepl,lUi ocynteCTMaeToa Iio

o.ne.u.o:eaTem.aHlVI nepeRJIJOll6HH6M 16 Ha.Ilp1Dlt6HHH (OTyneHe:ii) Ha OTMO... 

HSIIO!Il6it DJiaC'rHHS Oil aHE!..ImSB.TOpa, KO'I·Opue liPHHlfMam :BOCEIMQ O·liiMM6'1'

pBllHI:DC IIO a6cOJIIOTHOil: B6JlHliHH6 liOJJ:OlltHTe.lrbHwt H OTpY.,UaTeJI:C:.HLIX 3Ha

V:erutit""" (O;I; 0,25; 0 ,5; 0,7; I,O; !,5·; 3,0; 4,0) KB. 

K3Y nH'l'ruoTc.a: HCTO'IlHHKOM aanp.a.xte.Hl!a..., 4 KB. ,II;r.ll J10BHlllemul acp... 

ipeKT:MIBHOOTH pei'HciTp~M 11!El.CTHJ.X o aaep:rlUir;nf E < I :KaB aa :axo.u. 

no,u;aeTCJi YCKOpniO!Il66 Hai1pmiteHI4e I l<B, SHalt KOTOporo M6HJi6TCfi B 

OOOTB6TOTBHlf C H8M6H6~6M 3Ha.Ka perHO'!-'pHpyeMHX: -qaOTBll;. 

ilpHOOp ynpa.BJLfleTCJi Jl6pHO;lU1116CKHMl'J CHI'llaJia.Ml! 11Ka,Iij) 11 H 

"cdpoo", KOTopue aa.n;aroTo.a: no BHewfieit· nporpa.MMe TM-ycTpotl:c.TBOM. 

OMaHa CTYfi6HB Haiip.lillt6lUIJi Ha Oil npo:~ICXO,!UiT KaJit,II;~ nep.Ho,U., Hal'l

M6H:blll8Ji JJ..)'W'IeJI:&HOCU KOTOpOI'O pa.BHa 2, 4 C • BpeMfi Haeiopa HHtpOp

MauHH nepec~e'l'HNM ycTpOHCTBOM - !00 MCo CneKTp~HOe pacnpe~e

JI6HH6 oqacTHJ.X. 0,11HOrO SHa.KB. B 40 SHepreTH'Il6C.KliX HHTepBaJiax CHH

MaeTCJi, CJ16):(0BaTe.II:&HO, sa Bpe!Wi - 20 Co 

HMIIYJO.CH TO.Ka. , noJiyqaeMhle np:a perncTpa.ttH:i! KSY ~o:lt 

ae.p.ftlKeHHott 'laCTHJ.ni, nocTynaroT o :amco.u.a IillY 11epes •rpaacipopMaTop 

aa•yoMHTem. Y, a sa·r~M HS. ,n;Ba ~o!tp:~nvnuiaTopa .It! H )(2 c ycTa

HOl3Jiemtw.m ypomm.m 0, 6 B :ra I, 2 B. 'iYBCTIC ':C em:.I:lOCT:r:. KaHana 

peruc·rpamtH H yc:wieHB.R: 
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6WIB. paCC'IIHTa.Ha, a aaTeM 3RCll8pHM6~'l'~HO YCTBHOBJieHa Ta!WM 06-

pasoM. q•roou npB cpe.IUieM Koa@JEUHeHTe ycMeHE.R laW .... 107 aMn

JIH.TY.D:a HMllYJLl>Ca Ha BHXO,IJ;e ycHJIH.TeM oocT8B7IJtJIJI 2+3 B. PaaJUl"'me 

B C!tOpOCTH C'lleTa !t8H8JIOB ,lJ;I B )l2 fi03BOJIJieT KOHTpOJIBpOBa.T:& B B3-

M6HeilHe 1!YBCTBH'reJLl>HOCT111 KaY :a npo&ecce pa6oTu ltaR :a pesynTa

•.re UOBHIIleHmH MHTSHCHBHOCTH BXO,IWOI'O liOTOlta, TaR M BO BpeMeHJ:r. 

C aToll &eJLl>IO pasHOCTJ. MelK.IJ:Y ypo:aHJlMH AMCRpHMHHatUI'li BHOBpaJiac:& 

nocJie aHMHaa ycpe,IJ;uemmro aMilJIHTYJUWro pacnpe.IJ:eJieHE& 

.t\.M cepHH BuOpaHHWC oopaano:a I\a1. 

Bo MHOrHx CJIY'IIMX c':heM CBI'HWIOB c ROY ocYIQeCTBJIHJlCJI 11epea 

ROH,U,eHcaTop [ 6 , IIT22-24 ] • B ·paelo'l'e { 5) 6Wia peSJmao:Ba.Ha TPBH

Gq>opMaTOpHM CBSI3:b !mY C npe;JzyCHJUIJTeJieM. 3TOT CllOCOO CM9H BH

XO,D;a K3Y c yc:ra:mTeJieM npe.rmo'IITHTeJieH, eCJm ycHJIHTeJLl> pacnoJIOllteH 

Ha SHB'IIHTeJIJ:,HOM pacCTOrunm • KpoMe TOI'O, 6Jiai'O,Il;Bpsi H8Clm{8Im!O 

o ep,D;e'IIH:HRB TpaHc!flopMaTopa npe,IJ;OTBpail!aeTC.R: B03MO*HOCT:& npo60.fl 

TpaHSMOTOpOB BO BXO,D;HIDC ~erurx: YCHJIH'!'eJI.fl B MOM6HTH fiO.D;a'IIB BHCD

ItoBOJI:&THl:iX Hartp.IDKeHHit, a TaKl!te CBO.n;.R:'l'CJI ,1{0 ftmHHM;Y'Ma Ha:BO,l{RB HB 

BXO.D;e YCMJWTe.rut , 'ITO OC008HHO BBJKHO npH O.n;HOBpeMeHHOit paCioTe 

H9CROJibRHX -qyBCTBHTeJil>HIDC 9Jl6M6HTO:Bo 

B paocMaTpHBa.eMOM rrpH6ope KaY qepes TOpOM.n;aJLl>HuH TPaHC~op

MaTop (CMo pHCc 9) Hal'p:ylt9H HB 5()-oMHWi ROaRC.HaJLl>HWl: KaOeJLl> .n;JIH

HOH "'I, 5 .g. 2 M, K ROTO,POMY ll0,IU{Jil0'119H yCM.HTe,JI.O C BXO.n;HHM COnpo-

T:I'IBJieHHeM RBX = 50 OM . BNCORO'IIaCTOTHue noMEiXH .no UHTaruno KaY 

CHHMaiDTC.fl c llOMO~J,~ eMKOCTen Cr B 02, RpOMe TOI'O, eMROCTh c2 

ooecne'IIHnaeT yCitopeHHe npo~ecca pacnpocTpaHeHH.fl CHI'HaJia OT BH

xo,D,a KaY R ero BXO.D;Y • '!'alta.'! BXOJUIM. &'lleitKa (BH) UOSilOJI.fleT pe

rHCTPlfPOBa Th RMIIY.JI:&CH CO CROpOCTl>lO C'II6Ta ,.. 106 TIJ.Mn/ C • IlpOBe.n;eH

HHe HBMH :I'ICCR6.D;OBaHTlJ.R llORa3aJIH, 'liTO B pesy.JI:&TaTEi OllTHMB3a&il'B 

nap8MeTpOB TpruiCWOp~mTopa MO~eT 6HT:& .D;OCTHI'HYTO 6UcTp0AeACTBBe 

,D,O 107 l'!l\m/c. 
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CISI'fUiJlH, npome,IU~me ,D;;iJCKpm.mHaoropH, noo:cynarorr Ha .u;:aa E.D;eH

~lJlUWX 6JioKa mcpop~» BIU M BH2. r.u;e n tmCJio coctmTiiBB.eTc.a:, 

ltOOJl.Jl1'i.!H1&PY6TOSl CO .1'C.llt8.Tli19M11 H US.pa.liJie.IU.HiiM ,I030:!1l{Hli!M KO;!l;OM nepe

ASJD'l'OJi Ha ore.neMeTplflleCime :SXO.JUi. 

BJioK :tto~ :sK (eM. pHc. IO) , ynpa.:an:.aervnm 6opTo:amvm CliJHXPo

~hcaMH, F.OO~HJriPY6T pa60TY BC6X ycTpO!CTB rrp:H6opa; Sa.u;BeT 

:speMK Ha6opa l'lHifiopMal'.J;IIlH nepecqe'L'HillM y cTpoi1cTBOH, a no ero oKoH-

11aWJH qepe& IOO MC, nocJie npoxOJtQJ;eHIDt m.myJ!l>ca "c6poc", c n:o

·MOm;:.JO :BHYTHeHHel'O CHHXPOHMIIYJil>Ca 011 nepel<Jl!OliaeT a.HaJIHSHpyroll{ee 

Harr,pmK6HH6 Ha IIJiaC'l'HH6 aHa.JIHSa'l'Opa Oll H, COOTBeTCTBBHHO, UOCJI6 

~0~ 8-0~ OTyneHH - llOJiapaOOTh BHCOKOBOJibTHHX MCTOliHHKOB np~

YCKOpallltHX li aHBJmmtpYIJI!.\H.lC HaiipSi.llt6HB:It; KPOMe TOI'O; 6JIOK :EiK BH

pa6aTHM.eT. 8TaJIOHHH6 im3KOBOJII>THH6 HBJIPID!t6Hli'Si, nponop~OHaJil>-

l!ltH6 HailpmKeH.lUIM Ha Oil H H606XO,ll;HMIW ,lli,JJJi pa60T!:i BHOOitOBOJ!l>THOI'O 

npeo6I>aSOBB.TeJIH. 

THIIOBSI! OXeMa J3biCOKOBOJil)THOI'O npeo6pasOBS.'.L'eJ.!Si, OIUICSHHaSi B 

pa60T6 ( 23} c B ,ll;a.HHO¥ npBOOJ16 OWlS. 8Ha"IWT6JI:DHO MO,ll;6pHHSI!po

;saHa. Ha pHo. II npe.u;oTB.BJ1eHa CTJly:KTypHa.a: cxeMa, 4x>PMHPYJOillaH 

BHOOROBOJIDTHU6 Hanp.IDK.eHHSi, H3 .KOTOpo! B!f,IUIO, llTO JlOJIOJKH'f9JI:bHbl6 

Jf OTpMUS.T6JU,H:He 'Hanpmit9H.ld.II JlOJzyqalOTOSi B pesyJ!l>Tf,l.Te IIQM'IJH Ro

W~, ~~asaeMHX ~emHWPaTopoM qep es noCJie~OBaTeJI:DHO c oe,ll;:HIIeHHHe 

miiCOROBOJil>THHS npeo6paSOBa'l'eJIH (IIBI ) il (~) • 

BJIORHHI'-I'6HepaTop ( 23] , Ba.i.laJOIIU'Iit liaCTOTy npeo6paSOBaHHH, 

BaMeHeH Ha MYJ!bTBBH6paTop MB, O'l'JIHll~ICSi BijCORO~ CTa6!JlbHOC

~biD qacTOTU ROJieOaHH! H npaBRJibHO! wupMOH BHXOAHWX BMDYJI:DCOB, 

a ~~e IDH:pORHME BO~M~OC'l'HMH HSM6H6HH.II ~CTOTH B CKBa!HOCTH 

~~RcnepHM9HTSJI:bHOrO onpe.u;eJieHHSi pe~Ma KOJie6aHHt, rrp:H KOTo

pOM 06eOII6"1Dtlla6TCJl MaKCHMWt:bHO BOSMOJXH!-ill R • li .. .u;. rrpeo6pasOBaHMIHo 

06JitiHO :HCliOJil>SyeMIDt aMHTTepH~ IIOB'I'Op}JTeJ!l> Ra P-ll-P .B II-P-TI 

Tpllli3HCTOpax ;u.7ISi nepe~a'll! a·ra.n:oHHwc: Han:pmKew.:it B .n;rumoM CJiytiae 

.J 
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sa.MeHeH Ha ycl1JI.H1'en nocToJmHoro noToKa YIIT c MaJWM ,IU>eiiq>oM "Hy

Jlfl" .H KOS!Mrun;MeHTOM nepe,n;a'tflf llpaKT:HtJ:eCitlf He SaBHC~M O'l' ,n;e-
' CTaOKHH3HpyroD~X ~TOpOB. B pesyJ!bTaTe, H6CTB.OE~I>HOCTb HanpR-

lKeiDUI !UITWW.fi K3¥ H aHMHSHPYIOIIUiX HE.UlpH.lltemt~ Ha Oil B .D;aHHOM 

npBCiope He npeBllillaJia 5% Ilpl'I lii3MeH6Hll'liJ TeMIIepB.'.l'YPbl OKPYJ!iBIOD.Ieit 

cpe.n;u B ,n;ManasoHe oT -IO .n;o +50°0. 

IDITa.lU'ie BCeX YCT:pOiiCTB npBCiOpa OCYI!IeCTBJL!l6TCS! OT HB3ROBOJ1.Jr 

THoro cTa6I1Jm3lfPOBa.l!Horo }JCTo'qjiB!ta HaifPSI.lKemut CHH mvmym.cHoro 

Tima co c~e_ny-l()umMH napaMeTpa.Ml1: 

- aHepreT.HtJ:ecRaJI IIJIOTHOCT:b - I9,7 ~rJ3T/cM3 , IIp:H KIUt = .67%; 

- xoatWJMIJ.VIElHT CTadwmsaUHH A l4'HX I fJ, u,}{ = I/60 npB HS-

MeHeHH.H BXO,IJJ!OrO HaiipH.llteiDI.fi OT 22 ,I\0 34 B B ;IUiaiXB.30H8 TeMnepa

'l'yp -IO + 50°0. 

5. liPFJJJIOJIEI'IWI I<AJllffiPOBKA H OCHOBHID.: BUXO.DllliE 
IIAP AMEI'PI:i 

IIpe.n;no.Jie"'HM Ita.JmeipoBxa IIpHCiopa aaxmo'!IaJiaci> B axcnep:HI'ileH

Ta.Tll>Hoii npOBepKe a<)COJIIOTHblX 3Hal!eHllii ~~3tPlJH~eHTOB fjt , • YCTB.

HaBJUI'BaiOU~X ;rr,Jill KaJ'ImOrO COpTa ~IB.OT:I'll:~ j M HOMepa Ra.HaJ!B. ! 

COOTHOllieHHe M91!r,n:y Be.J.rn'lflfHaMlil IIOTOKa .P. ('II/C~ oC ~CTep.8B) li J . 
per.HCTpBpyeMOft CltOJ)OCT:blO C-..cTa Af (HM!l/C): 

['.'jl ( E~ ':f(i , E) f9(i., t)) = . Hj;.j P., (I) 
. J 

r.n;e E - aHepnm aHa.JIH3HpyeMWC l!aCTIUJ;, t.j H e - yrJIOBHe )tHai"" 

pa.MMht B a3HMY~~a1I.JJHOM l'I Mepl'l,l.l,Ma.HaJlliHOM HanpB.BJieH.H.fiX, COOTBSTCTBefi-

HO. 

Pa.Hee 6wro nmmaaHo, tJ:TO npH .n;ocTaTo'«Ulott 'lfYBO'l'BHTeJJJ.HOCTM 

perEoTpHpYIOU\Elfi <W!TapaTypH aqxpeKTEIDIOCTD zcno..lll>syeMWC K3Y npa.K

TxP:leCim He 3aBHCH'l' O'l' ;meprHH pel'l'IC'l'PIIPYJ3MHX 'l!aC'l'lli\ M HX COpTa. 

IT03TOf<{f OII1Je).l,e.,1eiU:e KOOrW,)UD;UeHTOB 0i. , UO -CYI!iOC'l'BY, 3BltlllO'tae1'-
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C.fl B onpe~eJieiU!M a:HeprereoMeTplfl!SCROI'O !JlaKTOpa IIpEOOpe. B ~eJIOM: 

~ z ~ =? Jj jPttJfr'f. B >Sino J-E d&J.f .. :. , <2) 

E':P9 
rp,e ? - a6coJJIOTHW1 a4xiJeRTHBHOCT:J. KaY, paBHa.a: I B .n;a.HHOM cJIYiiae. 

TipH o6JI:rtreHMH np116opa lifoaoaHeprHl!HHM liJ"IKOM aapSDKeHHwc 

'!aCTm'.!; lll3B8CTHOi l'IHTeHCM::BHOCTl:! ~l MOJKHO, C ~OCTaTO'IJHOM cre

USH.b!O TO'IJHOCTIII npe,n;cTaB:HTl> Ka.K 

E = s.i (EJ(AE/t Ji £.Qi ... <3> 
2ft r, JL J ) 

r,n;e .Qa ~ J j }{9, tJ) Sin. B diP d !f - reoMeTpHl!eclG!it <PaK-
1'0P, 'i•o ~;o ~p.CE)-r hJi.(E}/~j(E),[cM2j , r.ne .A5'i(E)

cKopocT:& c11eTa L -ro ,KaHMa ,ItJI.fi l!aCTl'l~ c anepr:ueit E; P j BX(E) -

II.JIOTHOCT.b no•roita 11acT.H~ c :mepl'lfeil E (npli HOpMaJibHOM na,n;eHl'!H). 

KaJIH6poBP:a cneKTpoMeTpa, saRJ!rollaBWa.a:ca B nocJie,n;oBaTeJI.bHOM 

OOJiyqeHJ!JH np:H6o:pa Hanpa.BJI8HHb!Mll, MOH09Heprlil!HHMH llOTOKa.Ml'.! 

9JI8KTpOHOB H npOTOHOB H3B8CTHOI BaT8HCliBHOCTH, DpOBO.UHJia~h Ha 

cne~aJI.bHOH BaKYYMHOit YCTaHO:BKe. ·1c•ra"iOBKa. CIRJia OCBaillSHa HC

TO'l!IMKaMH :&!OHOB H aJieKTpOHOB, ,n;ByxKOOP.IUiHa'J.'Hbll\.1 llOBOpOTII.l.! ycT

poitCTBOM, CHCT8MO:li HaiiYCKa. pa6o11ero rasa B HCTOl!ImK HOHOB H 

,n;aTql'JROM KOHTpOJIH KHT8HCHBHOOTH llOTOKOB sapSDK8HHNX l!aCTH~ -

mm. 
IlpHHUl'IIDiaJihHa.fl cxeMa ycTaHOBIGI noKasaaa aa pnc. 12. 

BaKyyMHa.a: RaMepa, B KOTOpoit llOMe~aJIC.fl HCOJie.nyeMHit npHOOp, 

npe,n;cTaBJI.fiJia oo6oit wap ,n;HaMeTpOM 800 MM, yce~eHHHii Q wecTH 

B3ru!MHO nepneH,n;HKYJI.fiPHNX HanpaBJieHHii II.JIOCK:Ii'MH <l>JiaHI.Ia.MH. K o.n;

HOMY H3 60KOBWC qmruw;eB IIp:HCTHROBaH HC'l'Olilfllli HOHOB C CHCTeMO:tl: 

HanyCKa ra3 0B H o•rcTO~H OT RaMepH np.weMI:lliKa Ha paCCTO.fiHl:!li 

4.800 MM. 

,, 

~ 

~ 

J/1/.JI.J 

F.ac . I:d. llp:llHl.l;lttillla.JliJHaR: cxeMa 

:n<:enep.HMeHTWI.bHOit yo•J.'a.HOBIGI . 
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UTKa~ KaMepH DpOHSBO,ll;H~C~ BaKYYJAHW.m HaCOCaMH C 6HCTpo

TOit ,ll;6MCTBM 2000 JI/c. 

HcCJie.nyeM!lle np:aeiopbl oeiJIY!Ia.rmcL nyr.mruvm fiOJI@xtHTeJILHWC HOHOB 

HXH 9JI6KTpOHOB, 9H6pi'MH KOTOpHX MOI'Jia M3M6HaTJ>CH OT ~100 ,ll;O 

IOOOO aB. Pacxo.~MMOC'l':C MOHHoro nyqKa He npeBwa.n:a ±0,5°, a 

SJieKTpOHHOX'O ±I0 OT OCHOBHOI'O Hanpa.BJiemm:, a paadpoo no SHep

I'HH - HE' 60Jiee I% )\.11.11 EOHOB l1 3% MJi 3JI6K':i'pOHO'B OT cpe;!Uiero 

SHa~eHHH 3H6prHHc 

J:Iy'"o.£R11! MOHQB C03,tl;a.Ba.1IMCJ> MOTO'UIHKOM, npe,D;CTa.BJIJllOil\EM COOOi\ 

O,D;HY .HS iqOMqJmta.IJ;I1:11: HCT.otnuma fulpa Cies Mai'H.UTHOI'O nOJIH. 

llpHMeHeHHaR rueCTHI'PaHHaR KOHCTPYKUMH HOHBSaqHOHHO~ Ka&16PH 

HCTO~HKa C Tpew~ CIIHp~HUMH KaTO,Il;aMM, paCuOJI~SHH~ BORpyr 

HOHHSall',HOHHOt!: KaM6phl IIO~ :J!I'J.!OM I20° O'!il0Cll'l'8Jll>HO .IWY! Jl,'pyra, 

,D;aBaJia BOSMO*HOCTJ> COS,Il;aBaTh TpM nepeceKaro~XCH B U6HTpe HOHH

San;ROHUOit xa.M6plll 3JI6K'l'POHHblX · nyqKa., ~TO fi03BOJUL1!0 'fiOJ(V"iaT:b Ha 

paCOTOHHHH 4800 t~ OT HCTO~ nyqKH MOHOB C nnOTHOCTbiD He 

MeHee ro-XOA/o~. B R.alieCTBe pa.Cio~ero rasa :acnOJIJ:>50BaliCH BO,D;o-

po.n;. 

IIyt!KJ4 3JI6RTp0HOD C03,l\a.B8J!HC:L lWTO'iHHKOM, npe.n;CTa.BJlR!Olf.lHM 

COOO:fti O,IU!Y 143 pa3HOBlf,IU!OCTeif SJI6KTpORHOil: rxynntU I!Hpca. B Ra1IeO~l'

Be BMliT'!'.epa: l!ICIIOJil>30BaJICH fiiJ.RMOHaKM.DHH:fti :BOJI1JQ)paMOllWi Ka.TO.IJ;. 

MoTOlJHHR ycTaHa.BJW:BaJ.{CH ·Ha O.IUIOM us 6oiWBhlX <ImrumeB Ha paccTo

rouu! 400 MM OT :axo,14a np.116opa. 

KoHTpOJIJ, sa paBHOMepHoC'l.':OJO liHTeHCHBHOCTM noororw:a aapJDKeu

Hwt 'l!acTHU :a ce"!emm n:pltleMHoro ycTpo~cTBa l4 a.HBJms pacnpe.n;eJie

HISJi HX no :meprHJ4 lrp0113BO,ll;H.7m0h .n;aTlWR.OM KOHT)?OJ.!Ji ny~a .IlKI!. 

liKIJ, npe,D;OTa.IlJ.l1IeT COOOfi O.n;HY H3 pa3IiOBJ4)UiOCTe:U IIJIOCKOI'O SJ18K'l'

pOCTa'l'l!lti6CKOI'O. cneKTpOMei'na. aap.IDKe:liHWC ~aC'l'I1U C 3a,JJ;ep:llUU3aJO~M 

noTeHUBaJIOM. AHBJmsMpYJO~.I.t. cynpecoopHWl :e uR.pa.HHWt eJreRTPO.IVl 

J1Kil BHIIO.iiHeHH .H5 ~OJlO'IeHP.I.t BOJI:bcpPaMOBOitt C6'l'IW (20 .MKM). 

r 
t 

·t 

I 
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IiJIOCiadi CO'l'OBut:i ROJLJieKTOp lf3I"'UTOBJI6H l!l3 ImKe.rui. COTOBWI KOH

CTpy.KUlfH CHW!tBJia BTO)?lfllHYJO SMHCCIDO M O'l'pruKeHHe lWHOB H aJielt'l'o'"• 

pOHOB 0 UOB6pXHOCTl!l KOJIJI6KTOpa. TORR HSMe)?RJIHCb SJ16KT]?OM8TpH

qeclU!M YCHJIM'l'6JieM. c npe.n;eJU.HO.I.t qyBCTBHT6JI:bHDOT:bJO ro-I4A. 

Kaa YJKe ynor.mHa.n:ocL BNil.le. pa6o"!UiR Ka.Mepa yo'l'aHO:BRM 6wxa 

oCHB.!I!eHa .n;ByxKOOp.IU1HaTHb!M no:aopoTHbllV! yc'J.'po:fticTBOM. 1\poMe HCCJle

.n;yeMoro np~Oopa, Ha IIOBOpOTHOM ycTpoil:cTBe Ha H.eKoTopoM paccTo

.wum OT OCH BpaJ!l6HM.fl YCTa.HaBJWBaJICH )U{II, ROTOpi:ili neplfO,JUltieCIUI 

nO,D;Bo.n;.wrca non nyqo:rc .If.J.!Ji onpe.n;eJieimn ero napa.Me•rpo:a. C AJ?Yl'Oit 

CTOpO!W, fiOBOpOTHOe YCTpO:ftiCTBO II03BOJIHJIO 1:10 llpe!v!H SKC!16p:llM6li'ra 

BpruJ19.T:b MCCJie;n.yeMI:ill np1100p O'L'HOCMTeJU.HO 1IB.llpat1.116HHH llOTOKa 3a

pmK8H.HbiX qac•r¥.[( IIO JJ.BYM BSa.MMHo-nepiiSH.D;MKYJ!JIPHUWi Ha.Ii.)?aiJJI6Hli.fll\ll 

(no ropH30HTaJibHOH OCH C illarOM 0,2~, a IIO B6pT~KSJibHOH OCH C 

ma.r•OM 0,4°) M CHl'JMaT:& rrp111 8'!'0M He 'I'OJr:&KO 6H6J,l1'e'l'H'i8CKHe, HO li 

ero yr~oBue xapa.KTepHOTEKH. 

,1VIJl OIJ,eill".E qyBC'1'BHT6JI:bHOCTH rrpHCiOpOB R B03,IJ;ek1CTB:WO C0Jll{8'! ·• 

HOI'O lil3JIY"-!6HlMl lfCIIOJih30Bam.IC:O rasopaspH,IUlue YIC~eO'!ID.Utl!! C.BeTa 

THna ;tKClli-IOOO li E-209. 

ra.sopaapH,lUIM JiaMna JlKClll-;1000 .IUlJlS{6TOR ltiCTO'iHJiH\OM OBEi'l'a 

OOJI:bUIOi! .flpROOTH, OCiecnetruBarollll1M HenpepUBHOe HSJ.rytleHHe B YJlh'l'

pa4.JHOJI8TOBOh, BMHMO:ftl l!! OJIIDKHeit HH<!Jpa.Rpacao~l ociJrac·r.ax crreKTpa, 
0 

Ha'!HHWl c ,lf.1Ili!H BOJIH ll---·2000 A. HHrerpaJibHM HHTeHCl;JHoc·r:c Ea-

JJY'i~Hlm Jia.MUH Ha paCCTMliin! 350 MM COCTa:WIWia 0, 03 B•J'/ C~. 
ITpo:ae.n;eHHue HsMepemur noRasaJIB, 'iTO :a ,14HauasoHe wurn :SOJIH 

0 
.- 2000 - 4000 A, Ha.H6oJree o·r:ae·rc'!'BeHHoro sa qJOTOaMMco:wo, cneR-

T)?aJll>Hasi llH'l'6HClU:lHOCT:b JI8M!lli ,Ul\Clli-1000 COOTB6TC'l'BY6'l' peaJILHOMY 

COJIH8~0MY M3JIY"f6HIDO H CYlJl€CTDE:HHO npeBHWaC'J.' llOCJie,IJ;HKJIO .I\JIJI 
0 

A>7000 A. 

l:asopaspJJ,!J.Ha.fl JiaMIIa .E)-.209, HaiiOJIHeH.Hasi XJ4lvThl'ieCKH 'UIC'l'HM 

,n;ei1Tep:HeM H CHa6JtteHHaR OKHOM H3 ::/.i. p , ,IJ;a.Bal!a llO'I'Olt 
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2.2.I0II cpoT'OH/C C Ma.KCHMYMOM Cll6RTpa.JibHOH xapa.KTepHCT:i:!RH M3-
0 

.JIY'I6Im.R: nplii :it""' !2!6 A. 

KaK C.'Ie;u.yeT .113 Blij)axteHH.II (3), ;II;Jm onpe.n;eJieiDI.II ~i. Heo6xo

.IUfMO 3Ha.HHe :mepreTH't!6CKHX, yrJIOBhiX .H 11 'l'O!toBhlX 11 xapaRTepHCTHR 

npHOOpa, T.e. 3a.BHCHMOCTe:i!: BWCO.ll:HOH CKOpOO'l'lil C't!eTa OT :meprHI1, 

yr'Jia ll~6HH.II H l!HT6HCHBHOCTH BXO,lU!OI'O liOTOKa IJP}l pa3IU.lX 3Ha't!&·· 

fWRX ero 8HeprHH, COOTB6TCTB6HHO. 

H&. p:1:1c. ·rs mnme.n;eHH npHMepH auepre•nrqemu.~x xapaK•repHC'l'klK 

npi46opa. ITpH a'l'oM p110. I3a HJIJUOCTp!-IpyeT B3ru.tMOCBJI3h MeJ!f.nY Han

p.IDiteHHeM, llO,lla.BaeMblM Ha OTRJIOHiOOIIrfiO IL<'IaCTHHY, H 9HeprHe:t1 atia

JW311Jpyel\itHX tiaCTHI.J; B 3a.B.HCIIJMOCTH OT HOMepa ltaHaJia. Y'!3 3TOro pu

OYHKa BJmHO, 't!TO noTOKH 't!aCTHI.J; ;tJ.Jm pR,lla at-wpru :tl :perHC'l'PHIJYJO'l'C.II 

,llBYMff ~JI.H T:p6M.II KaHaJiaMM, 't!TO il03BOJI.II6T llOBHCHTh TO~OCTh H3-

M6peHU.f! HHT6HC}IBHOCTX<l, a TaiDlte npOBO,Il;:Wl'h Cpa.BHWl'O.li.l>HYJO OI.J;6HRY 

tzyBOTBWre,li:bHOCTH 9TWX liaHaJIOB B ITOJI6TO. 3nepreTKJ't!6CKOe paspe~ 

WeHHie UJlldOO:pOB llpliiBE',D;eHO Ha p110. !36, HS KO'.J!OpOI'O Blii,Il;HO, 't!'l'O, 

Ka:K HI CJI6.D;ODaJIO OJllli.D;aT;&, 3HepreTW!eCKM :H30lltJaTeJIJ>HOCT:b IIOB!i

ll!a6TCR C YM6Hl>lll6H.H6M HOMepa K8J!aJia. 

PesynTaTbl :HsMepenH~ sHa'IeH.Hil · L\ E/E B aasMC.HMOCT:H o·.r Ho

Me:pa KaHaJia JJ,1'.Si' 't!aCTHI.J; OOO:HX 3HaKOB IIOKa3aHH 1-:a. p:Hc. !4. }{a

paKTep~o, 'ITO SKCIIepMMOHTWihHble 3Ha'tl:'elik!ff .:ill/E = f ( l)? 

!IOJ!Yli.9HHH6 IJPH o6J!y't{emui peaJ!hHOro Irlm:Oo:pa f!OTOKaMH SJ!eRTpOHOB 

H fiPOTOHOB, OKa.SaJ!liiC:P, BD-IIe:pBHX, O'l'JI'IfliHim!M OT pB.C'leTHliX, a 

BD-BTopwc, HeO.D;ll!HaROllhiMH ;tJ.Jm 't!aC'l'HI.J;' pasHliX sHrutoB. A liiMeHHo, 

sua't!eH¥1R A E/E ;tJ.Jm l1J>OTOHOB CY!l1ec•r:aeuno mDKe, qeM ;q.;rm sJleKT

POiOB. MolltHo noJiar•a'l':b, . 't!'i'O aTa pasHUI.J;a cMaana c OoJr:Oli!HM o!I!Ho-

. C:tfTW'll>HWil paccemrneM 9J1€KTpOHOB Ha C'l'eF.Kaic Irp.u6opa, 't!TO, COO'l'

BeTCTBOHIIO, ,D;OJI.Xt'HO npHBO,l{.H"':O It "paCUll1peHl00 11 3Hepl'6'l'ld'!6CKEX xa-

paKTepHCTHK, T.e . K y:JcyAWeiDIIO paapemeH.HR no ::meprH.IIM. 3Jwnepn

MeHTaJihHiie sHa'IeHM.II AE/E npeBHlila.JIU pactieTHuc:, IWTOJme coo'l'-

~~, ~8 

~ 

16'- I. ~ ; t; 

10 

S., lfl«J 

?QO 

~JES t :zr= ± tm 
2 3 ~ ... -<-I 

NQA•ep KaHOAQ 

l~c. I3a. HsMeHeHHe aHepreTH't!ecKoit qyBC'l'B.d'reJihHOCT:H cneKTpoMe'l'-

pa B 3a.BHCHMOCTH OT aHa.JiliS:Hpyx>l!lCI'O Hrutpro:teHBR Unll ~ 
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Be•rcTBYIOT KOOp,IU!HaTBM np:HeMa I, 2 • • • 5 rlpHHl1,'H~U:'Ia.Jll>HOit CXeMH ana 

mmaTOpa, npBB9,!1;9HHOJt H8. p'It!O. 2, KaK ,1J,JlH 3JI9KTpOHOB, TaR 1'1 .IJ.I!Jl 

npoTOHOB. O'IJeBH.J~uo, 'IJ'l'O na6~a-eMoe pacxo~emte a:KcnepHMeHTaJil>l~":' 

H paol!eTHJ:PC aaa'IJerudi AE/E o6ycJIOBJieHo TeM, -qTo B pea,JI:bHOM npl.l"" 

6ope 1zacTH'UH, npoit&sl KOOp,IUiHaTH I. 2 ••• 5, II]leJK,IJ;e lleM nonaoT:b Ha 

BXQ;l( KaY., non~ainf B npOCTpaHOTBO ).ijl6t1q\a, Y KOTOporo pas·Mep.~! 

BWC~HOit IUSJIH OWIH MeHBUJe, 116M BXO~Hoti. B MTOre Be.JrntmHH .1E 

CYilteC'rBeHHo yMeH:bUJHJrnC:b. 

IIpHMepH yrJIOBNX xapaKTepi'!CTHK JiP.\'!OopoB, nOJIY'IJSHHHX KaK np~I 

npO~OJibHOM, TaR H npH nonepeliHOM CKaHHpOBaHHM BXO~OrO nOTOKa, 

np:wBe~eHH Ha pHc. I5 f' I6 ,IVIJ!. aJieKTponoB H npoToHoB paaJrnliH!iX 

BHeprHit, COOTB6TCTB6HHOo k!3 pii'CYHKOB BMHO, liTO ,IU!arpruM.m 

HanpaMeHHOOTJZ B o6oHx nanpa.BJieHH.FIX cHMMeTpH'IJHH E YM6H:bllia.IOTCSI 

no B6JUI'IJHH9 no Mepe YB6Jillli8HHfi HOMepa KaHaJia. .l13M6H6HM8 ~liB.I'

paMM HaiipaBJJSHHOCTM B. 3a.RPJCHMOCTH OT 3H9pl'lnf llpOHJIJIIOCTpuipOBa.HO 

Ha p:Ho. I7 :u IS, H3 KO'rOphlX cJie~eT, liTO :aqxpeRTH pacceSIHFJJi liac

'!'RU BHYTPH npHdopa Ha:HeionmHM o6pasoM npof:D3JLff.IOTCSI }1liH. aneprnit 

E < I KaB, liTO rrpHBOMT (B sa.BHCHMOCTH oT. Hanpa.BJieHPISI CKaHE

poBarulR) K ynJHpSHIDO HJI.H CyJKeHEIO yrJIOBHX xapaKTepBCTHKo 

Pa.Hee 6WIO O'I.'MelieHo, 1!TO ar:WJeKTHBHOCT:D KaY He MeiiR.eTcn, 

eCJIH BeY~l!HH8 ll~aromFIX nOTOKOB liaCTMU He !Ip6BHUJaeT~I06 li8CT/c. 

C U~~ BHSICH6HESI ~HHaME"li6CKOrO AHaiTa30Ha lfYBCTBHTSJll,HOCTH np:H

Oopa, B npe.neJrax KO'l'OpOI'O ero a6CO.'IIOTHBJI $qxfleK'l'MBHOCTl> OCTaeTCR 

H6H3M6HHOJ!, pel'HCTPHpOBa.lllfCl> 3aB:I1CUMOCT~ CKOpOCTH Cli6T8 K~oro 

K8.H8.J!a oT UJIOTHOCTH no•rotta '!acTI-U.t ua · nxo~e (eM. pHc. I 9) . Ha 

J!NIC. IS :tm.z~Ho, liTO Jumefu!uii xapaKTep sa.BIICMMOC'l'H ~HX=KP BX 

coxpa.U.R6'l~CR TipH li3M6H6HHH MHT6HCllBHOCTH BXO.lUiOl'O llOTOKa cJOJiee, 

11.er:. na 'l8'l'J:lP9 nop~a. lloJiytieHHue saBFJCHMOC'l'H ~~x /'Psx ~ .So (E) 
,llJlR mmeHHoro ~Harl8.30HU ¥!3M6H61!EH BXO.JU:!Oro llOTORa llpl'iBe~eHH Ha 

PlW. 20. [l)l}I BCCX Karl&TIOB HfJ.H60Jiee CHJll,Hhle li3MCH81lllfl $0 (E) 
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OT E MMeJIH M9CTO AJIS! .E <K::JB, KO:(',IJ;a aqxpeRTil paccemn'I.FI MaltOM

MBJI.bHht. CooTBeTC'l'BeHHo, a To o6cTO.FI'I'eJih•; HO H npo.FIBl1:JIOCh Ma.ItOH

MHJibHblM o6pasoM ;u.:rm MJia;u;umx: KaHaJIOB . ,ItJm E > 3 :KaB BeJrn"liHHht 

$
0 

C SHep:r:He:lit llpaitTI1'l6CKI1 He M3M8HSLJIHC:b . 

HanoMHMM, 'ITO ,JJ.7I.FI npoBepK:H tJYBCTBHTeJIJJHOCT:H K3Y B uponecce 

pa60Tht BWCO,IUia.FI CKOpOOT:b C'!eTa o;D;HOBp811!8HHO pe:rHO'l'pMpOBaJiaC:C 

Ha ,li;BYJC Y,POBH.FIX ;D;r!Cl\pHMHHaJJ;HH.IlOOKOJil>I\Y BCe a®JeKTbl "c•rape!m.FI 11 

lillY MaltCUMaJil>HHM o6pa30M npO.FIBJimOTC.FI llpH IlOBHlllf'lHHblX HHTeHCMB-

. HOCT.FIX, ,JJ.7I.FI OIJ.611Kl1 ,li;MHaMHKI1 rrepBOHa'laJibHOI'O 8.i'<UIJU'I'l'Y;D;HOI'O pac-

npe;D;eJI61Jli.FI BWCO;D;HHX MMliYJIJJCOB MCCJI8,!1;0BaJIOCb M3M8H6Hl'le CKOpOCTM 

C'leTa Ha BH6pruUiwc ypoBH.FIX tzyBCTBH7.'e.n:l>HOC'1'M perMcTpMp}'lOrqeii 

arrnapaTY,PH B SaBMCHMOCTH OT HHT6HCHBHOCTM tJ:aCTlln P.:a BXO,I\e . 

Ha I>MO. 21 .noKasruw TlUrntJ:Hoe MSMeHeHHe oTHowenH.FI ...N; / .JY; , l'.I\E' 

Jlf; lJ .N;, CKOpOCTH C'leTa, sape:rHCTpMpOBaHHUe Ha ypDBH.FIX ,IJ;Mc

KpMMHHam'IH 0,6 B l1 !,2 B, COOTB6'1'CTDeHHO, B 3a:BMCIIMOCTM OT 

PBX. O•rKJioHeHIIe OTHoweiD!.FI Jf; / .N2 oT e,li;M!H1~ Ha"ll!ua e•r l'IMeT:c 

M6CTO 1 KOI';D;a l'IH'l'6HCMBHOCT:C llO'l'O.Ra HU BXO,ll;6 lliJHOOpa IIpeBLIII!ae'l' 

,., 5. !0? 'tl/C~ eO ; llpii! 3TOM ;ri.1!.FI MJI8,1.\llll'lX KaiiaJIOB HMee•r M6CTO TeH

;D;6HI.UU! CM61118HH.FI S'l'OI'O n opora B C'l'OpORY OOJiee BHCOKMX: llOTOKOB . 

IIpH noTOKaX - J.O? 'i/ ctrf. c MsMeHeHMe OTHowmm a ~ / ~ B •re'tle-

HHe "' I '!laCS Henpepb!BHO:li pa60TH He rrpe.BH!IiaJIO HeCKOJlbKI1X npo-

A6HTOB. 

HaKoHen, owm npoBe;J;enu HcCJie~ol:laJU'l.FI try :acTmtTe.JlbHOC'L'H IlpH-

6opoB It <lJoHOBO!VW coJIHetJ:HOMY H3Jr.{'iemno. C aTC? ki ne.IIl>Io npono.n;H

Jmc:n M3MepeHlf& BUX:O,li;HOH Clt0pOCTl1 Cl!6'!'a npit! L10JJY'ieHM!I BXO,ll;l!Oii 

111~ 0 liOMOlllb!O yrul3rut:ibiX DHl!le HC'£0'lHHKOB CBe•ra. 

3Kcnep:HMCH'l'H liO IIpODepKe qyl\CXB't~TeJJ.:bHOC'!'l! lipHOOpOD K B03-

,A6aCTDHIO Y .~. !JS.nyqeirnH O"' HC'ru\fm!Ra E-209, y c ·r·aHoB.lieJ-Uioro na 

paCC'l'O.FIHHM 3-4 MM OT BXO,IU{Ol'O 01\Hc.t IIpHOOpa, TI0lta3aJT.JI , l!'l'O I!pH

OOp He '!YBCTBHTeJ!~H K M3JIY'!Clllllu 8TUI'O 11C'rO<uUU<a, IIe3a:I:l>ICJ!MO OT 
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.HaJipaBJieHBH na,JU~D~tero noToKa. 

Peaym.TaTH npoBepq cneKTPOMeTJ>OB K B03,11;eitcTBmo dOJiee BH

Teaclimtoro H8JJ:.\ni6HHH OT HOT011HBK8 Jn{Cil.l-1000 DpBB6,1(6HH Ha pifc. 

22-23. lla BC6X rpa4J}!Kax no OOBM Op,IU!H8T OTJ10lt6HO 3H8"16HHO BY-

. xo.zuua: OJII'H8JIOB KaHMOB .Nim.m:/c l , no ocBM adc~co HanpmKe-

HHe Ha OTKJIOHJmflleit MaC'rHHe ~ (B] , HOMepa KaH8JIOB i. H no-

JIOl!eHHe BXO,l(HOrO OKHQ HCCJI6;1zy"6MOro npH60pa OTHOCHTe;JIJ,HO ltOpMa

JlH K BXO,l(HOJq J'!OTOKY ':/ o 

KaK BJI,IUIO .BS pHCo 22a, 3H8116HBH BHXO,ll.HHX CHI'HaJIOB K8H8JIOB 

I, 3, 4 H 5 H8 SaBBCHT OT HaztpJDKeHBH, DpBI<JIMYBa6¥0rO K OTKJIOHJI

JOUt6it il.JiaCTHile B ae npeBNlllEUO'r 1+2 BMn/c, Tor.&a KaK A1IJl BToporo 

KaHana SH8"16HBH BHXO,l(HHX CHrHBJIOB M6~CH C BaMeHeHBeM aanpq

JK6HHJ! Ha OTMOHJIIOOtei nJiaCTHHe OT 5 AO 13 BMJI/ c. Ha pBc. 226 . . 

cnelUfSJIDHO noi<aa·aao H;3MeHeHBe BHXO,lQIOro · oH~Ma 2-ro I<SHMa B 

SB.BHCBMOCTH OT HanpslllteliHH Ha OTKJIOHHJOUteit nJI8CTllH6. Ha~aeMOe 

YBeJIB1{6HH6 CKOpOCTB. C'l6Ta ~ 3TOrO KaHaJia MOEHO O~HCHBT~, Be

pOIITHO, TeM, liTO np:H ,l(aHHOit reOMeTpBH aH8JIB38TOpa HOKOTOpall 

,l(OJIH !IJOTOMeKTpOHOB ci OTKJIOH.IIIOJneit IJJiaOTHHH nOIIMaeT Ha BX()Jt 

KaY aToro KaHaJia. llpoBe.&eHH:ue BoCJie.&OBSHBH nOKa3Bmi.,Twe&e, 'ITO 

TOJO.KO . ,ItJIJl ~-ro KaHana BHXo.zuioA CHI'HBJI 3B.BBOM OT H3M6HeHU 

aanpaMeHU na,JUUOO(ero cBeTOBoro noTOKa (eM. pHc. 23). Jlp~a, aa

pe:rHcTpBpoBaHHaa IIpB 3TOM MaRCl1MBJll>HSSi CKOpOCTl> 0118TQ dWia cy

mecTB6HHO HHae nopora cpadaTHBaHHH dHOKa 3Jl6KTpOHHKB B dOpTo-

BOM peEHMe padOTH. 

TaKHM o6pasoM, noKasauo, 'ITO npHdop npaKTHllecKH He 'IIYBCT

BHTeJieH K lPoHOBOl<\V' COJIH6m!OMY B3JIY'l6HHIO, 'ITO n03BOJlJI6T ero :!o

nom.soBaT» B ycJIOBHHX nenocpe~cTBeHHO~ sacBeTKB ero nxo~oA 

IIICJIB COJIHI.teB H COxpaHJieT TIOCTOSIHHyiO qyBCTDBTeJil>HOCTl> B Wl!pOKOM 

,ll,llaii830H6 :H3MCHeHl!H JJJIOTIIOCTll RXO,!~HOrO llO'l' OICU aapAAClUUiX 'laC-

'i'lll~ .• 
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3Ha~eHHH aHeproreoMeTp.H~ecKoro ~Topa f, ( cMfcTep.eB)-I 
. J• 

;:r.1.Ul BCSX MTH RaHaJIOB B 3aBHCHMOCTH OT HanpmKe:tmH Ha a.HBJIHSl!-

pyrome~ nJIB.CTHHe·H po.z~a ~aCT.H~ np.HBS.IISHU B Ta6JI. !. COOTB9TCT

B6HHO, llOpOI'OBa.a: llYBCTBHT6~HOCTb npH6opa B Sa.BHCMMOCTH OT 

SHeprHH perHCTpnpyeMoro· llOTORa DORB.3aHa HB. pHCo 24, HS KO~Oporo 

Ban;HO, ~TO BC6 RaHBJIU Cll6RTpOM9Tpa, KpOM6 nepBOrO , MMeJIH :apax

Tli!'I!SCKH O,IIl1Ha.It0BYJO '!YBCTBHTS~HOCTb R npOTOHa.M. ).trul: 8.116!('l'pOHOB 

pa3Jlli~He B '!YBCTBHTS~HOCTHX HM6JIO M6CTO ,l.T,JIJ! nepBOI'O H B'l'OpOI'O 

RaHaJIOBo 

C H8lll9H TO~ 3p6Hl-IH O,nHHa.KOBa.a: a6COJOOTHaH -qyBCTBlf'l'flJlbHOOT:& 

pa3HWC H H63a.BHCHMWC RaHaJIOB O,!Uloro npM60p a , .IIBIOIIIHX O,IUfO:Bp eMeH

HYlO mi{f>OpMa.I.J;HIO 0 llOTOR8X pasJilfiHI:IX SHeprHit H, RpOMS TOI'O, BS&

HMHO .z~y6JIHpyro~ p~ SHepreTM~SCRHX HHTSpBaJIOB BO BPeMeHH no-

3BOJIH9T cymeCTBSHHO llOBUCHTb He T~bRO TO~HOCTb H3M9p9HB~ B 

~6JIOM, HO lf Bp6M6HH06 ·.H npOCTpaHCTB6HH06 pasp91.1J9HB9 STBX :H3M6-

peHB~. 

6. Yc.HOBIDI PABOT~ l1 I1Pl1MEP!i IIOJJYliE.Hl:IW{ ,1lAHliHX 

J.trui HCCJie.IIOBaHHH ,nM~peH~aJThHHX sHepreTH~ecRHX cneKTpOB 

llOJIOJKl'IT6JlbHHX H OTpH~TeJI:bHUX ~aCT.IU.l (npOTOHOB ii 3Jl9R'l'POHOB) B 

.I~HanasoHe aHeprHA IOO aB .$ E ~ 20 RaB Ha cnyTHHRe "KocMoc-sOO" 

6wm YCTa.IiOBJISHH .IIllB. ODHCaHHblX BblWS CDSRTpOMeTpa. 

CnyTHHR "KocMoc- 900" 6wr sa.nymeH Ha nOJIJipHYIO reo~eHTp:ne

cRyro op6HTY 30 MapTa I977 r. c anoreeM 522,9 RM, nepHreeM 

460 , 4 RM, H~OH6H.H6M 82 , 93° • OfueKT HMElJl. llt8CTRyro TpeXOCJlYll 

opHeHT~ro. ero npo.zr,oJII:.Ha.a: oc:c owra ncer.na nepneH,JU!RyJI.R:pna rt 

36MHOH DOBepXHOCTHo 

AHa.JIHsa•ropH owu1 pacnoJiollteHli M~ npo.noJlbHOi! oc:u· ofueKTa 

Ta.ImM 06pa30M, t{TO HOpMWIU R HX BXO.lUiHM ORHaM OWIH Haiipa.DJ18HU 

11 npOTHBOllOJIO;iutHe CTOpOHN. '/r OJI B.'{O,!ta 3ap.fl.i!t9HliUX 'IB.CTHil B up..-
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dopu COOT8lWVI, TaKB.U 00p83011, C BpOAWU.HOI OC:LI) Yl'OJl 22° • . 
CneK.'!',P8.lfLJIOO pacnpe,neaemm (lJBKcllpcma.uelJ BOOJ!e,li;OBaTeJibHO. 

Bp8IUI CWiTJIJI KBJ!'AOI'O 40-f'011elJIIOro CJleJ('lpa - 20 C NUi 'llaC~Hl{ 

lfaQOl'O 3HaKa. Jia HeKO'rOpYX Y'f8C'r'.KBX CIIeKTpa B.lll)o~ 0 BOTc

KWt OHm BWQ"18Ba C p83pemeHBeM 110 8B8pl'JDI,...l0 + 20 B. 

Ha pliO. 25 Bp.BBeAOBH BpJDiepB U&IftPOHIIHX AJIIPllepeHqBaJUolWX 

cnexorpoB AJIII I anpeu IV'n r. B ocimlcu mmapuaH'fHID.: nmpOT 

A.= 73 - 7'1°. Bluolo, wo ua: {lone nQWmO AOBOJJJdlo uape:uumol 

C'rpJK'IJPil, CBBAeTaRLCTBJDllei 0 dWII>IIIBX Bpel!ofeii!IUX .Bap11~. 

IIIBKCBU,YIIH DH'l'8BCDBHOC'l'eJl - 105 + lrF u./m}c.cT.3B MM6Jl.H MeCTO 

Jipl!f E = I, 5 + 2 ImB, a npll E = 5 .,. 6 DB cnewrps: BHCHI!aDI(DXCil 

1J8CTBD; AOBWU.BO RpJ'lO odpH:Baii)TCJl.. B lt8JIOII Ba 3'l'.HX llllfPOTax Ol'B-

6ao!ta~I cneK'fpOB BMeJJa mot "nepeBepHJTOI dyxss: Y ". SHaJlOrH'UIO 

OmtCaBHB14 B pa60Tax ( 26-28) • lapaK'l'epBO 'l'Elltl'l6, 1lTO HB IIIHPD

'l'BX AJ=" 73 - 77° Ha~c.u. cneKTPH ueKTpOHOB, AB1f3YUIUXCH 

BBepX OT 3eWW (CMc pBC, 25). 

Conoo'l'aBHeHife noTORoB llaC'I'Ifn, ABBJIWIIlW[CJi o,mtoBpeMeHHo 

J.UtO..U. O,NIOPO it TOrO Jte HBIIpa.MeH:wi OT 3eMJIB B K 3eMJie (CBepxy H 

CBBSy) UORaSI:IBaeT, lJTO B OCHOBHOM UOTOKl'l 1J.ai:TJIIl CH1!3Y 6HJIH CyiJleCi'

BeBHO MeHJ:me, Y!eM BBCfiiUWlltH6CH csep.xy, XO'l'H B !JHAB c.n;yqaeB O.iiB 

OK83HBaJIHC.b B HeC.KWl.I:oKO 60JI.bJ!Iitr.ut • Ha pBO • 26 UpeAOTilBJleHH B 3&

BHCBMOC'l'H OT aaepl'BB E 3Ha1JeBBSi "3(1IleRTBBHOro" aJI.b~CAO ii (E) 

( Jt.~ 72 ~ 77°). 

llOA 31{J.lleRTJmHUM U.i1b0~JAO Dpl!l STOY JIO~CH OTliOmeHBe JIOTOo

Ka cHBay ( Jj J dE f ) K DOTOKY c Bcp.xy C djjJE p , usr.tepeiiHOf.\V 

11.PJ1 Toil xe auepl'H111. llpi!Be,AeBBHe BeJJBtiBUH ycpeABeHH no AaJUlHM 

BOCLMB CBeKTPOB. 113 puc. 26 BB;.1UIO SaMeTHoe BOapaCTatUle AWDI "OT

paKeBHUX" MeJ!"'})OHOB c E < I RBB, KOTopoe aaTpy;mmTWll>HO o6wic

HBT.b JifjO(.li'JiM "CtV'll"JeHB8M'' Cfl8K'l'Pa nep BB1UIHX 3JlCK1'p OHOB B pe-

ayJI.bTa'. J RYJUJliCBCKoro pacceRHHJl. 
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B 9TOit OBSI3l'l OTCYTCTBlfe B CII9KTpe O.TPB.lit9Hl!HX: l:lJieKTpOHOB, cono

CT8BHMHX IIO HHT8HCHBHOCTH IIOTOKOB C E <770 aB, IIOSBO~eT npe~

IIOAaraTJ. JIO~H~ MeXBHMSM y cKopeHMH. BQnee Toro, OTCyTCTBHe 

3aM9'l.'Hb!X IIOTOitOB 11 0TpalReHHHX:11 M9KTpOHOB npM OTCYTCTB:UliJ 9JI9K

TpOHOB Bb!CHIIaiOiltHXO.fl, S$RCHpOBa.HH09 B XO~e HSMepeHldi Ha a'Koc

MOo-900" , CO OBOe~ CTOpOHH t MO~eT CB~eTen:&CTBOBaTL 0 ~TO Mexa

HM8M JlORMbHOrO YCKOp9Hlf.fl ~pr.mpyeTCH Jllfllll> npH Hamr<WM BHCHIIa~ 

IOUU!XC.fl 'tlaOTMI.lo 

ocodoro :BHIDJ!BH.HH, no Hame~ MHe~mro, saCJTYJKMBaiOT TaKJKe no

TOKH l!aOTHU, saperMCTpM_POBaHIW9 Ha "KOCMOC-900" B 3KBB.TOp.WaJIDHOft 

OdnaOTH, Cll9KTpH KOTOPHX npHBS~8HH Ha pHC. 27. ~e~eT OTM9THTL, 

'liTO IIOTOKH 3J19KTpOHOB H npOTOHOB Ha MaJIHX BHCOTax Ha~aJIHCL 

,wi.fi HHSKHX llllfPOT HSOAHOKpaTHO :H pW:_Iee {29,30} • Ql(Ha.KO H60,IUiC>

SHa'tiHas:I IIpM_PO~a STHX IIOTOKOB He npHBJieKJia K IDIM ~OCTaTO'tiHOO 

BHlfMiiHHe. Ha.M60Jiee Hl~WopMaTHBHue ~aHHue o6 HHT,eHCHBHOC'l'HX noTo

KOB 3J19KTpOHOB H npOTOHOB B6JIHSH SRBB.'l'Opa B BeqepHeM 09K'l'Ope H'& 

BilCO'l'ax 60(}-800 KM. 6.wm no.ny'qeJW Xei:OOJJJJIOit C llOMOUILIO 3.1I9K'l'po

CTQTlii{8CKOrO cneKTpOMeTpa Ha cnyTm!Ke 'ISIS-. I ( 31] , KOr~ no

TORR 9J19KTpOHOB AOCTHraJIH N ro9 CM-2c' .. -Ic-I Ha IIIBPOTWC Ao=~3°+ 
2I0 • 

B H8W8M anyqae O~H0Bp9M8HH8.fl perHCTpauHH DOTOKOB npOTOHOB 

H aJieKrrpoHon c aHeprMHMH OT,.; IOO sB ~o - 20nsB H MHTeHCHB

HOCTLIO""' I0!0 + :roiicM-ZCT-IC-I Ha6Jno.naJIHCL B TetteH:He cpamm-

TeJILHO ~TeJILuoro nepHo~a B ~anaaoHeJ1 = 38 - !5° BOJIHSH 
. . 0 

nuny~eHHoro Mep~aua. Y~BMTeJIDHO qeTKaH nonTopneMOCTD ~a 

CD8KTpaJILHHX pacnpe~eJieHHft CBHACTeJIDCTDYCT 0 BUCOKOit CTattH!)Hap

HOCTli aTHX DOTOKOB, a TSKEe 0 HX aHH30'l'pOllliH, DOCKOJILKY ttpB 

perHCTPauHli HHTerpMLHHX D0'£0KOB I0IICM-2C·T-IC-I llpBOOpOM, 

CMOTpJ'IllUfM BBCpX, He Ha6.mo.nWWCL DOTOIW DpOTHBODMOlltHOrO Iianp~ 

JieHH.Il. XapaK'l'epuo, 'ITO cneitTpu npM E- 500 aB. nMeJUI apKo Bup~ 
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JK9H1i0e "KOJI9H0
11 

C nepena,noM HHTeHCHBHOCTeit ""'I • 6 - 2 JIOpR,IUta. 

ilOKa Tpy~o O~H03Ha~O onpe~eJIHTL HCTO~HK BTHX JIOTOKOB. 

MOJKHO npe~oJia.raT:r., 'I'l'O CYJ!IeCTBeHHan MX 'lacn npe.~tcTaBJI.R:eT co-

6oii aaxBa~eHHHe H BTOpH'll:IHe 'laOTHI:Uio BOSMOXtHNM HCTO"IIHHKOM Ta

KHX .'laCTlU~ MOryT OhiTL, no-BH.ltHMOf.W, aJieKTp~Necue noM, HMe.IO

IIllle np:HpO)zy HOHOc<pepaoro ,IUI"HaMO H AOCTHrWOillHe CYJ!IeCTBeHHhiX Be

JIH"'HH Ha H900JILWHX ~ (32] • J{a.1Il>H9Wu:U:li aHaJm3 ST:UX ,l{a:HHWC .H · 

COJIOCTaBJieHHe HX 0 peayJIDTaTaM.H APyrHX HOHOC~pHHX-MarHBTOC~ep

HHX BKCnepHMeHTOB Ha CllYTHHKe "KOOMOC-900" ll03BOJIHT 60J!ee onpe

~eJieHHO OTB9THTL Ha JIOCTaBJI6HH~ BOJipOOo 
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