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8 nocne.QHee BpeMR IIICCJle.QOB3HI4e npou,ecca MH0)k8CTB8Htt0~ 3MIIICCIIIIII Q>par
MeHTOB npoMB>KyTO'"tHOti M3CCbl (¢nM: 3s Z 515) Bbl3biBaeT 3H3'-tiiiT8JlbHbl~ 14HT8-
pec KaK reopen1KOB. raK 111 aKcnepliiMeHraropoa. 

Bb1COKOB036y)I(Jl,etmaR R.QepHaR CIIICT8M3, o6pa3yi0~3RCR np111 CTOJlKHOB8Hiill4 
pemiTIIIBI4CTCICiiiX t.taCH'IU, C R.llPOM-MLo1W8Hb10, pacnalt38TCR npeii!MYL1.1.8CTB8HHO B 
p83Y..J1bT3T8 MYilbTII!Q>parMBHT3UI4Iil 33 0'i8Hb KOpoTKIIIB BpeMeHa • 

.lJ.nR 3KCnepiiiM8HTMbHOrO 1113Yt.t8Hif1R CJlO:>KHbiX AIIIH3MIII'"t8CKHX npouecCOB 3MIIICCHt.1 
CbnM H806XO.QIIIMO C03,ll3H11!8 T3KiiiX yCT3HOBOK, kOTOpble n03BOilRIOT nonyt.t3Tb 
nOilHYIO liiH¢OPM3l.lVIIO 06 OCHOBHbiX X3P3KT8PiiiCH1K3X liiCnyCK38MbiX t.taCTiiiU. 
P8aJlbH3R KapTiiiH3 B33111MOABV!CTBiiiR MO:>K8T 6b1Tb BOCCT3HOBJ18H3 TOJlbKO Ha OCHO
B3H!.1lt1 MHoronapaM8Tplilt.t8CKiiiX t.13MepeHIIIOI H3 ycraHOBK3X C reoM8Tplil8~, 6Jliii3-
KOi:1 K 41t. 

8 H3CTORUl88 BpeMR B H3Y'"tHbiX l1.8HTpax ,nei:1crsyeT OKOJlO JliO)kiiiHbl 47t-yCT3HO
BOK pa3Illll'·lHOa:1 CJlO)I(HOCTiil, IIICnOilb3YIOUliiiX, rnaBHbiM o6p330M, ny'-IKIII Hf)I(8Jlb1X 
~OHOB (1]. 

B aroYl crarbe Mbl om1cbleaeM Mo.nepHiil3111poeaHHYIO 41t-·YCTaHOBKY <llA3A , 
npeJlH33Ha'-teHHYIO Allfl CI4CTeMaH1'-tecKoro 1<13Y'i8Hiils:l s:iJlepHoYI MYilbTIII¢parMeH
rau,!.1!.1 Mli1W8HH no.n ABYICTBHeM peJlRHtBI-1CTCK!.1X nerU1X '-13CH1U {OT npoTOHOB 
.UO RASP yrnepo,na), YCKOpRBMbiX Ha Clo1HXPo¢aaorpoHe (B 6Jllo1)1(3V!UleM 6y,nyUJ,eM 
Ha HyKilorpoHe) 0Lt151lr1. 

On111caHHe nepeoro eaplllaHra ycraHoBKIII <l>A3A 6bln·o npMae,neHo a ny6m1KaUI-11o1 
[2]. Ha ycraHOBKe nonyl.leHbl HOBble HHTepecHble peaynbrarbl no MexaH1<13MY 
"rennoeoH MY11bn1Q>parMeHTBLWIH" [3-4], cyw.ecreeHHO AononHsuow,a.1e )laHHble 
1-13 Tfl)k8JlOHOHHbiX CTOJ1KHOB8H!.1H. 
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KOHCTPYKU.~" ~ reoMeTp~" ycTaHOBK~ ct>A3A 

06l.J..UIIt1 BillA YCT3HOBKII1 d>A3A nOKa3aH Ha p111c.1. MexaHW-t8CICYIO OCHOBy KOHCT
pyKL.ll'll•1 COCT3Blls:f8T M8TanJWI'-18CKHA KapKaC Jlli'I3M8TPOM OK0/10 1 M B Blll.ne .no.ne
K33Apa, lo1M6K)l.J.tero 12 rpaHeA ,llJlfl KpenneHHfl .QecHWI $113HU8B C Jl8T8KTOP3Mio1 
VI ABYX cf>113HU8B Allfl pa3M8lli.8HHSI ecet1 KOHCTPYKUHH H3 OCH rJy'-IKa. ,Q,eTeKTOpbl 
pacnonaraK>TCH lo1 Ha 3THX ABYX ct>.naHuax. 33 HCKI110'-f8Hio18M ueHTpanbHbiX 1-1)( yac
ret1, r.ne npoXOJlHT ny'-tOK '-18pe3 BXOJlHYIO lo1 BbiXOAHYIO Tpy6bl. BXOAH3H rpy6a 
lo1M88T .D.11111HY OK0110 5 M Ails:! YM8HbW8HHH pacceHHII'IH n8,lla10utero nyl.fK3 aapR>K8H
HbiX 'i3CTl-1U Ha B03AYX8. BcR KaMepa, BKI110'-13R BXO.IlHYKJ VI BbiXOJlHYIO rpy6bl, 
H3XOJlii1TCSI nOA B3K\'YMOM ~:::! 5x1 0·4 

Topp, 06ecne'"I8HHbiM ryp60MOI18KYI1HPHbiM 
H3COCOM TMH-500. npe.o.ycMOTpeHa B03MO)KH()CTb noeopora YCTaHOBKJ.II BOKpyr 
JJIIIHio1H nY"''K3 Jl/IA YJl06crea MOHTaJKa. 

f'Hc.1 • 0151111'1~ BH.Il ycTaHOBK>I <llA3A 

KaJulb1171 lo13 MOHn<lpyeMbiX Ha cpnaHUbl JleTeKTOPHbiX MOJlyJJeiit COJ19p)l(lo1T 
W9CTb C'fe'T'-IHKOB, BXOJlHOiit H BbiXOAHOiit ¢maHUbl - no nsrrb C"'8T'·III'IKOB. Ta~aotM 
o6paaoM. seer a yCTaHOBka HMeeT 69 c'+BNHKOB ( OJJ.HO 11'13 MeeT aaHHro no.n 
Mlo1WetfH09 YCTP0171CTBO). 
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CHSIT~e Ill ycT3HOBKa YKOMnneKTOBaHHbiX Jl8T9KTOpHbiX MO,[lylleail BBIII.UY 3H3'iii!TeJ1b

HOrO IIIX eeca (CBbiWe 50 Kr B nepBOH3'iailbHOM eaplo'laHTe) ocyw,eCTBJlSIIOTCSI C 

noMOUJ.biO cneUHallbHO CKOHCTPYIIIPOBaHHO~ "MexaHIII49CK0.:1 PYKio1" • pa3Mew,eH

Holil Ha o6w,eVI c ycraHOBKOVI CI>A3A nnar¢opMe. 

5onbwast o;acrb renectmro yrna ycraHOBKio'l ( <l:_ 3,6rr} oxaarblaaercR .nereKTopoM 

MHQ)K9CTBeHHOCTio1 ¢parMeHTOB (,l),M<J>}, KOTOpblail CKOMnOHOBaH 1113 64 Cl.U'!HTio1Jl

llSfl.llo10HHbiX c'ieT'ilo'IKOB c nneHO'iHbiMIII Csi(TI) (5], lo'IMeK>W.IIIX OAIIIH8KOBb1VI renec

Hblill yron. Ha3Ha'ieHI.1e ,llM<P - pen1crp1.1posarb ¢parMeHTbl c ZZ:2 • onpeAemnb 

1.1)(' MHO>K9CT89HHOCTb 1.1 Hanpa8Jl8Hio18 Bbi118T8 ~3 MIIIW8HIII. 

YcraHOBKa BK1110'iaer a ce6s:t TaK)I(e nsnb renecKonoa-cneKTpoMerpoe (TC) ¢par

MeHTOB. V1X CYMMapHbllil: TeJleCHbllil yrOJl COCT3BJ1.SI8T OKOJIO 2,4x1Q'2 1t. 8 COCTaB 

TC BXOJlSIT nJlOCKIII£1 MHOrOHii1TSIHOt1 nponOpl\WOHaRbHbiVI CYeT'iiiiK (6.E
1 

) , 1110Hio138l.li.1-

0HH8SI KaMepa c cen:ol7! (6.E2 ) 1o1 noeepxHOCTHo-6apbepHbiVI nonynposo.nHIIIKOBbllil 

AeTeKTop (E). TC no3aons:ter 111AeHn1¢11tltl-1POBaTb ¢parMeHTbt no Z 111 onpe.nellSHb 

1.1x aHeprvno. Ka>K.llbiVI TC CJJ\f>KIIIT TpvtrrepoM aceVIIII3MePIIITe11bHOiil CIIICTeMbl. 

Bee c'-leT'-IL-'!KL-1 .UM<l> B3aiiiM03aMeHs:~eMbt 111 Moryr pacno11araTbCSl a mo6ot71 lo13 69 

no31o1Uio11it MSI .nereKTOPOB, B TOM '-IMCJle Ill B M9CTaX pa3M8lll8HI.1R TC. 

M1.1weHb 1.13 30lloTa (¢onbra pi:'I3MepoM 60 x 60 MM 111 ronw,I.1Holll1-2 Mr/cM2
) 

pacnonaraeTCs:l B U9HTpe 83Ky'YMHOC1 KaMepbt nc,n yrllOM 45° OTHOCIIIT91lbHO 

na.AaiOLUero ny4Ka. PaCCTOSIHvte OT ee l..l8HTpa .Q,O CI..U'IHTio11lJ1SlL.lVIOHHbiX C46T'-IVIKOB 

paBHO 29 CM. MIIIW9Hb yKpenneHa Ha "16n,.pex TOHK~X (25 ~ 8 MKM) BOJlbQ:lpaMO

BbiX HIIITfiX, KOTOpble, B CBOIO 0'-lepe,nb, H3TfiHYTbl Ha C08Uio1aRbHbla71 U-o6p33Hbli:1 

,nep>KaTeJlb 1113 nneKCIIIrJ1aca, nplll'i6M ABe HVITIII M6HbWei4 TOJllli,IIIHbl 111Cn01lb30Ba

Hbl B U6HTpaRbHOt71 '-13CTt.1 MVIW6HVI. M1o1W9Hb MO>KeT JllltCT3HI..li'IOHHO SbiBO.UVITbCSl Vl3 

ny'-IKa 6e3 HapyweHIIISl BaKyyMa. npe.nyCMOTpeHO TaK>Ke BBe.D.eHHe 8 UeHTp 88K\fYM

HOt71 K3Mepbl 0.-HCTO'-IHVIKa Lo13 
2

"
1
Am AflSI 3Hepfellll'i6CKOt71 Kamll6poBKVI ,[leTeKTOpOB. 

V1CTO'iHVIK HaHeCeH 3116KTp01111130M Ha wapHK Vl3 Hep>KaBeiOW,ea71 CTaJJIII 010 MM. 

TenecKonbl-cneKTpoMeTpbl 

TenecKonbt-cneKTpoMeTpbl npe.n.Ha3Ha'-leHbl .n.ns:~lo1.lleHrvt¢111Kai.Uo1vt '-lacrvtu L\E-E
MeTOAOM VI COCTOs:IT 1113 rpex '-l3CTelil: nponopL.tV~OHaJJbHOrO C'ieT'ilo1K3, VIOHt.133LJ,I.10H

HOiit KaMepbl 111 nonynposo.Q.HvtKosoro .o.ereKTopa. KoHcrpyKUIIIs:t TC npeAcraens:~er 

C060ail C01110CHYTb1171 UL11n1.1HJJ,p, CJl6113HHb1VI 1113 Hep>KaBeK>LUea71 CTa/1111 TOJ1lli,MHOt:1 

1,5 MM, C BH6WHI.1Mt.1 nonepe4Hb\Mt.1 pa3MepaMvt 135 X 90 MM Ill Afllr1HOV! OKOnO 

300 MM. Ha p111c.2 cxeMaTIII'ieCK\1\ L-1306piDKeHo BHyrpeHHee ycrpo171crso TC, a Ht.1>K

He171 '-13CTVI KOTOporo pacnonaraeTCSl Si(AU)-.nereKTOP (E) Jlt.1aMeTpOM 60 MM. 

06lll,lllt:1 pa6o4t.1lil o6beM TC 3anonHeH MeTaHoM np1.1 .naeneHio11o1 50 ropp. 

nepBb1171 ra30Bb1VI npoMe>KyrOK ( 10 MM} 33HIItM36T MHOrOHIIITs:IHOiil nponOpLl\ltOHaJlb

Hbllil C'-18T4111K (.!\E1 }, o6e nllOCKOCTIII KOTOporo (63 X 50 MM } 1113rOTOB.fl6Hbl Vl3 nneH

Kio'l MeALo1UIIIHCKOrO KOilllO.UIIISI ( ;::;50 MKr/CM
2 

). 38nblll9HHOV! TOHKVIM CJ106M 30110Ta 

(~so MKr/cM
2
). Me)I(Jly n.neHKaMio'l pacnonara10rcs:~ noo'-lepeAHO ns:~Tb aHO.UHbiX 111 

'-16Tblpe KaTOJlHbiX HIIITeVI 1113 301lO'i8HOrO B011b¢lpaMa }lY1aMeTpOM 20 MKM. KaTOA

Hble nposono'-IKI-1 1o1 o6e nosepxHocn1 C'-19T'-lt.1Ka 3a3eMneHbt. Hanps:~>KeHIIIe aHO.Ua 

BOO B. 
OcHOBHolil rasosbiVI o6beM npe.n.Ha3H8'ieH 1l.J1A liiOHt.13al..li'IOHH0171 KaMepbl c cerKolil. 

KaMepa, B CBOIO 0'-lepe,llb, pa3,ll6Jl6Ha Ha ABe paBHOU6HHble, '-13CTio1, 4T06bl COKpa

TIIITb speMfl Jlpet714>a aneKTpoHoB. ,[lns:~ 3Toro B cepe.n111He TC napannellbHO 6onee 
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PHc.2. CxeMaTio1\.fecKoe ycrpolilcreo renecKona-cneKTpoMerpa: 
1 - BXO.Q.HOe OKHO C ABYMR onopHb1Mio1 CBTKaMM 
2 - MHOfOHHTRH0£1 nponOpi..WIOHallbHbllil C'-IBNII'IK 
3 - HOHIIJ38UMOHH8s:f KaMepa: a) 3HO.Q.; b) C8TK3; C) KBTOJl 

JVlHHHOLil CTOPOHe pacnonaraeTCSI 061J.W!Iil AfiSI o6e111x 'i3CTeVI KaMBpbl 3a3eMJ18HHblii1 
KaTOJl B 8~8 nnacntHbl T011LU1o1HOVI 1 MM lo1 Wlo1piiiHOiil 128 MM, a MOCKII!e 3H0Jlbl lo13 
nonlllpOBBHH0171 118TYHH TOJ1utL1HOI/i 2 MM 11'1 WHPio1HOiil74 MM Pa3M8lll,8Hbl no o6e CTO
poHbl OT KBTO.Q.a B 35 MM OT Hero y BHyTpeHHeV! CTBHKII'I K8M8pbl. 86m131o1 3HO.Q.OB, 
Ha paCCTORHIIIIII 9 MM OT HHX, HaxO.Q.HTCSI CBTKa. 0Ha npe,D,CTaBJ1S18T C060V! H8TSIHY
Tbl8 nonepeK aHo.D.Hblx nnacn1H c waroM 3 MM HIIITI-1 H3 6epwuu.,esolil 6poH3bl ron
Llii'IHO~ 1 00 MKM. 

,lJ,IUo1H3 l<tOHIIJ33UHOHHOiil KBM8Pbl (BJlOJlb TpeKa 'i3CH1L.t) 95 MM. AHO.U Ill C8TK3 HaxO
JlSITCR nOJl Hanps.,KeHII1eM 800 111 200 8 COOTBeTCTBeHH0."0CTaTO"tH3R 3Heprii1R (E) 
o.taCT111U pefiACTplllpyeTCR no.nynpoBOAHIIIKOBbiM noaepXHOCTH0-6apbepHbiM .Q.eTeK
TOPOM 1113 KP8MHII1R p-TIIIna TOJllUIIIHOVI 1 MM, IA3fOTOBJleHH~M B HnO "PaAIAeBbiV! 
IAHCTIATYT" (C.-nerep6ypr). Pa6oo.t1Aiil Alo'laMeTp ,neTeKTopa 50 MM. YyBCTBIATeJlbHbllil 
cnoV. .nereuopoe paseH 0,5 MM. Sroro .nocraroo.tHo AllR nonHoVI ocraHOBt-:111 
Bbl11eTaiOLUlo1X 1113 MMWeHlll ¢>parM8HTOB C Z>3, 0.0.H3KO BbiCOK03H8pfLII"tHble a-o.taC
T111Ubl 111 S1AP3 111ATII1SI He nOJlHOCTbiO TepstiOT CBOIO 3Hepr"110, 'i3CTIA'iHO npocrpe.m1-
B3SI .nereKTop. 

Bxo.o,Hoe oKHo renecKona-cneKTpoMerpa c.ne.natta IA3 MalMlapoeolil n.neHKH ron
Ul"1HO&il 1,2 MKM, KOTOpaR KpeniATCR M8>K.AY ABYMSI onopHbiMIA ceTK3Mio1 IA3 JlaryHH 
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P111C.36. npO€KUIIISI Ha OCbAE nocne Jll4Heaplll33~111 ABYM€pHoro cneKTpa 

TOJllJ..UI'IHO~ 1,5 MM, Ka)I(Aa.SI C OT8€pCH'tfiMII'I ,[1,1113M€TpoM 4 MM. npoapa'-IHOCTb Ta.KOl/1 

C€TKVI COCTaBmleT 68 %. 
~MnyllbC AE 6pancR c VIOHVI33tW~OHHolii KaMepbl (AE2 ). HO aanvtcb co6biTII'IVI se-
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nacb llii!Wb np111 no~eneHIIIIII dE
1- 111 E- ct~~rHanoe. TaKIIIM o6pa30M, "'TeHLile aant~~caH

Hblx co6biTVI~ ocyw.ecremmocb np111 Halltii"'IIIL-1 TpOt1HbiX (dE 1 -dE2 -E) coena.AeH111t1. 
Bse.neHL-18 Tpot1HblX COBna.neHLI!i:1 6bll10 HB06XOJlii1MO AllR YMBHbW8HII1R 4>oHa, 
CBR3aHHOrO C nOna.AaHII18M opeo11a ny"lKa Ha CTSHKIII T8118CKOna. Ha pLIIC.3 npeJl
CTaBJ18H ABYMBPHbli:1 cneKTp AE-E ¢lparMeHTOB, nolly"'eHHbli:1 C noMOLl.l,bKJ TC, Ha 
ny"lKe R.Q.ep yrnepo.na c 3HeprV1ei1 3,6 r3B/HYKI10H. YeTKO BII1J).Hbl JlOI(yCbl l!aCTIIIU 
c 3apR,naMV1 BnilOTb .no Z= 17 ( Cl ). Pa3peweHIIIe no Z, raKIIIM o6pa3oM, He X)I)KB 
6 %. ll13-3a nopora .llV1CKPV1MIIIHaTOpa Ha pHC.3 MO>KHO BV1A8Tb 11V1Wb MRfK)'KJ '-laCTb 
npoTOHHoro cneKTpa (3a"lepHeHHaR o6nacTb). 

TenecKonbl-cneKTpoMeTpbl pacnonaraKnCR no.n mHbiO pa311VI'iHbiMVI yrnaMVI 
(24, 68, 87, -112 VI -156°) OTHOCIIITBJlbHO Jll11Hio11o1 ny"lKa. 3HaK "-" 03Ha"laeT, 

YTo .naHHble TC Haxo.nmcR no .npyry10 cropoHy or ny"lKa. TenecHble yrflbl rpex 
TC paBHbl 1 ,24x1 0'2 cp Ka)l(,l],bli:1 . .Usa .npyrt~~x TC ' pacnoJ10)1(8HHbiX 6J11.1)1(8 K OCIII 
nyi.JKa (241>1 156° ), OTOJlBIIIHYTbl OT Mlo1W8HII1 .OOn011Hio1T8JlbHO Ha 100 MM, "'T06bl 
npe.norspart~~Tb KacaHVJe 1o1x YaCTII1uaMII1 nyYKa. 3Ha'iBHIIIe renecHoro yrna llflR 3TII1x 
TC -7,2Bx1o-'cp 

CUIIIHTII1111151UV10HHble C'i8T"lV1Kio1 

Ka>K,Abli:11o13 64 CYBT"i111KOB ,[],Met> COCTOio1T 1113 TOHKOCJ10i:1Hb1X (20-25 Mf/CM
2

) 

CUio1HTVIJ11151TOpOB Csi(TI) 60J1bWOi1 ni10llt3JJ.lo1 ( ::::: 150 CM
2

), HaHeceHHbiX no cneUV1-
aJlbHOi1 T8XHOJ10f!IU.1 [5) Ha nJJeKCVIfJlaCOBbiB nOAJ10>KKVI TOJ1Ll.I,VIHQj;1 2 MM. ,lleCRTb 
TaKI.1X CYBT'ilo1KOB 111M810T ¢l0PMY npaBIIIJlbHbiX nRT\.of}'f0JlbHI.1KOB, OCTaJlbHble -
W8CTIIIYfOJ1bHLo1KV1 (plo1C.4). noeepXHOCTb CUIIIHH1J1J151TOpoB nOKpbiTa TOHKQj;1 nneH
KOai1 ( 1,5 MKM) 1113 aJ110MII1HIII3Lo1pOBaHHOfO Maai111apa AJ151 npe,nOTBpaLUeHIIIR B33V1M
HOai1 3aCB8TKVI CYST'"IVIKOB 1.1 YBBJ11.1Y8HV1R aMnJ11.1TYJlbl 3a C'i8T YllY'iWBHIIIR c6opa 
ceera. CeerosaR ecnblwKa or nona.AaHio-151 B CUio1HTIII1111RTOp 'iaCTIIIU rpaHcnopr1o1py-

Plo1C.4. Cl>opMbl CUIIIH~IIIllJlRTOpOB Csi(TI) Ill CBBTO~OJlOB 
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8TCs:J ,Q.anee C OOMOWLIO CB8TOB0Jl0B Ha ¢'0TOYMHO)t(V118111·1 Tllfna Cl>3Y-110. Csero

BOAbl COCT05U V13 ABYX '-l3CT8~ (pV1C.4). KOHWi8CKas:l V1X l.laCTb CA811aHa V13 AI TOJl

LUVIHOiil 2 MM. WV1pm::a~ BXO.UH3s:J 'i3CTb KOHyca orpaHeHa T3Kio1M o6pa30M, I.IT06bl 

npvncpenneHHble K KO!-iYCY nnacn1Hbl V13 TOHKO~ Hep)t(aBeiOLUe~ cTa.nVI cocraemm1-1 

¢opMy WeCn1yronbHV!K3 W1111 Os=ITHyronbHt.1K3, COOTB8TCTBYIOW,YIO pa3MepaM CU111H

H11111SlTOpOB. 3Tlll 0113CTVIHbl Ha KP3s:JX VIM810T H860nbWI-18 npo,nOJ1)t(8HLils:J A.fls=l M8Xa

Hit1' 1ecKoro 3aKpenneHt.1S1 c~HTWlmnopoe Ha ceeroeo.nax. Bcs:~ noeepxHOCTb 

CB€T080,1],0B nOKPbiTa t.13HYTPVI Mg0 A.fls=l y.ny'iW8Ht.1s=l OTpiDKaiOW,VIX CBOVICTB. 

ULilflt.1HAPVi'i8CKaH '"!3CTb ceeroeo.nos, Henocpe.ncreeHHO npt.1MbiK310LU3s:! K KoHL1.

'i8CKOVI, BI:XOOJlHeHa, KaK VI paH88, Li13 nOllVIPOB3HHOrO n118KCVlr11aCa. 3Ta '"13CTb 

o6eCn8'iVI838T onTWI8CK&.1VI KOHT31(T C C!>3Y 1.1epe3 CB8T0¢>11111bTp T&.1na )I(C-18. 

Ceero¢>&.111bTpb1 CfiY)f(VIJlVI Af1S1 no.uaeneHVT51 '"lepeHKOBCKoro V1311Y'-!8HV1s=l B >Ke.nroV. 

'-l3CTa.1 Bt-1)lliiMOrO cneKTpa, B611t.13&.1 HaV16011ee YyBCTBV1T811bHOV! o6naCTV1 Jllls=l cJ>oTO

KaTO,lla <!>:3Y -11 0. 

P~c.5. Pacnpe.neJleHV1st CUIItHTW111stTOpoe no aMnnlllty.UHOMY paapeweHV1Kl 
. Ms=l a.-YacTV1U V13lll~m. Beepxy - Jlfls:l cnnowHbiX ceeroeo.noe , BHH3Y -

Jllls:l KOM6HHlo1pGB3HHbiX C88TOBO,Q.OB HOBOii1 KOHCTPYKLUIII-'1 
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Ha 3TII1X UW11!1HJJ.Plo1'-18CKVIX YaCHIX CB8TOBO,lla 0CYlU8CTB.nMOCb BaK)'YMHOe ynnOT
H8Hio18 Ha KOpnyc KaMepbl . .llnSl yny4W8Hlo151 OnTII!YeCKOro ICOHTaKTa C o6eii!X CTOPOH 

caero4>11111bTPbl cMa3btBaJH-1Cb CV111111KOHOBbiM MacnoM MapK~ Baysilon M-1 000 000. 
KoM6JIIHIIIPOBaHHbl8 CBHTOBOtlbl HOBO!ti KOHClPYKU.VIa-1 8 OTJ11o1'U18 OT paHee lo1Cn011b-

30BaBWVlXCfl CnJlOWHbiX nneKCVII"JlBCC?Bbi.X. (2] 8 M8HbWeVI CTene~tVI 51BJlfiKJTCSl 
VICTO'iHio1KaMio1 YepeHKOBCKOrO lo1311Yl.J8Hil151. KpoMe TOrO, Kak nOKa3aJllo1 V13MepeHVISl C 
a.-vtCTO'iHVIKOM, CUVIHTWl.nSlTOpbt C 3TVIMV1 MOAVIci>VlUVIPOBaHHbiMVI CB8TOBO,Il,aMVI 
Aator ny4wee paapetlJeHVIe no cpaaHeHV110 co crapb:M aapV!aHTOM a cpe.nHeM a 
1,4 pa3a ( OT 32 AO 23% ), pa36poc B811VI4ii!H pa3p8W8H~151 AJlSl pa3HbiX C48N111-
KOB OTHOCVIT811bHO lo1X CP8AHero 3H3'-18Hi1151 TaiOKe 3H3'-Ii11T8flbHO YM8HbWio111C51 {B 2,3 
pa3a) {plo1C.5), YllY'iWWlaCb <f>opMa 3MnllVITYAHOrO CneKTpa OT a.-lo1CTO'-IHV1Ka (nYIK 

CTaJl 6onee CIIIMM8TpVI\.lHbiM). 3TO pe3yJlbTaT CYlU8CTB8HHOrO YM8HbW8HVIfl 33BVICVI
MOCH1 aMn!HIHYAHOrO Cll1rHana OT M8CTa BCnbiWKIII, 6Jiaro.napfl VICnOI1b30BaHio110 
A111ct>cl>yaHoro orpa>keHL'Ifl a caeroao.nax. 

C6opKa 143 W8CTIII COGTbiKOBaHHbiX ,npyr C ,o.pyroM ·ceeTOBO,IlOB CO. CLJ;1HTliiJ!JUnopa:.. 
MVI, O,llio1H H3 KOTOpbiX (U.eHrpanbHblill) IAMeeT nSJTVIyrOilbH)'IO Cf>OpMy, of>pa30BbiBai1a 
Jl8T8KTOpHbl~ MO,Il,yllb. Ha PHC.6 noKa3aH eap~o~~aHT O.llHOrO 1113 12-TVI TSKIAX MOJlY· 
ne~. Kor.na a ueHrpe BMecro Cl{MHTVIJU~~UVIOHHoro .nere~nopa pacnonarancfl TC. 

PV!c.6. 0JJ.L1H 1113 12-TV1 .nereKTOPHbiX Mo.nyne~ ycraHostM ¢>A3A 

6blnOJ1HeHHble Ha UVIKTIOTPOHe PHU "Kyp'-1aroecKV!t7t HHCnnyr" VI3MepeHt.1fl caero
BbiXO.D.a nneH04HbfX Cl{MHTIII1111fiTOPOB nOJl Jl8ACT81o18M flY'iKOB 

4He, 6U VI 14N 
nOK33aJllo1 [5), lfTO OHL-1 nO.ll'"lt.1HfiiOTCs:l cl>opMylle 61ApKca, 0011Y3MnHp&.oNeCIG1 Bbf· 
B8Jl8HHOt7t Ha OCHOBe 6onee paHHHX 1>13M8peiillft7t C TOJlCTbiM KPVICTaJlJIOM Csi(TI) [6]. 
TaKVIM o6pa3oM, nonYl.JeHHas:l HaMl!l 3aBHCVIMOCTb cseroabiXOAa or Z VI E YaCTVII.\bl 
TaKas:! JKe, KaK VI AflSl xopowo HCC118JlOB3HHbiX MOHOKplo1CTaJ1J10e Csl{ll). 3TO no3BO
J1W10, 8 CBOIO 0'-19pe,a,b, paCC'-IIo1TaTb a<tJcf>eKTIIIBHOCTb HCnOJlb3YeMbfX nOJllo1KJ)IIICTan
J1VIlf8CKMX TOHKOCJlOV!HbfX CUHHTWlllRTOPQB Ails:! pa3HbiX Z B 3aBi.1CHMOCTH OT 3H8p
flo11o1 l.J3CTVIU, lfTO Heo6XOJlVIMO Afls:l 80CCTa.HOBJ18H~ YICTHHHOfO pacnpe,llf'Jletilo1fl 
cl>parMeHTOB no MHOJK8CT88HHOCTVI. 

Ha P\"'C. 7 nmca.3aHa paCYerHafl aas&~~cHMocTb act>cl>eKTHBHOCTIIt periAcTpaLJ.H~~t Cl.UIIH
lltllmnopoM TOJ1lJ.lL1HOt7t 20 Mr/cM

2 
'-lacrnu c Z=1-8 npVI aMnm'lryJlHOM nopore, 

pasHOM YJlBOeHHOMy 3HaYeHHto aMnlllo'ITYJlbl L'IMnynbCoa or a-liiCTOYHHKa 
241Am. B 

pac'-lerax Vlcnonb3oBaHa nonyaMnVIPio1lf8CKafl cf>opMY.na n,nR cnetCTpOB · .... acntu, o6pa-
3YtolUHXCSI B npou,ecce Myflb TVIcl>parMeHTSU,VIM AU-MliiW8Hioll, 60M6aPAio'IPYeMOt7t a.
lfacr~~tuaMVI [7]. TaK teaK AJlfl Z~5 acf>cl>eKTVIBHOCTb npaKTMlfecKlll 111AHet7tHo na.o.a-
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P~c.7. Pac'ierHas.aaaHca.1MOCTb a¢u:f>eKntBHocn1 per~~tcrpal...\111111 q>parMeHTOB 

C 3BPRAOM Z CUiiiHTa.11111SnOpOM TOflllUitHOVI 20 Mf /CM 

eT C pocTOM Z, TO AJUI 6onee TSUK9JlbiX cf>parMeHTOB npHMeHRJIIiiCb 3KCTpan011Hpo

B3HHbt9 3H3'-19HiiiSL 

BaxHoVI xapaKTep1.1cn1KOVI npouecca MYilb n'I4JparMeHTaUM~~t RB11flercfl pacnpene
neHII!e 4JparMeHTOB no MHO>KeCTB8HHOCTIII. 

C nOMOlUbiO ,llM$ MO:lKHO l43Mepa.nb T3K H33bi838MYIO 3CCOLU13ntBHYIO MHO>KeCTBeH

HOCTb CJ>nM, r.e. lil!lc.nO OAHOBpeMeHHO 33pefiiiCTpHpOB3HHbiX B C06biTHiil cpa63TbiB3-

HIIII7\ CUMHTWlmUUIIOHHbiX C48T'-IIiiKOB nplil 06HaaTenbHOM nona.qaHMIII OAHOfO H3 4Jpar

MeHTOB B TC. "iT06bl nepeV!n1 OT 3CCOLJ,lll3n1BHOVI MHO>KeCTBSHHOCTiil K peanbHOMy pac

npeAei19HII110 no MHd)K8CT89HHOCH1 B C06b1THIII, Ha.AO 3H3Tb tf>YHKl..UIIIO OTKJ1lo1Ka 

W(M",M) , KoropaH .naer eepoHTHOCTb per~crpau.~~~~ MA <t>parMeHTOB, KOr.na s 

.nereKTope 6bmo o6pa~oB:lHO M cllparMeHTOB. Anst ycraHOBKIII <l>A3A <PYHKLU1fl 

OTKflii\K3 11\MeeT C119AYIOLUII\Ii1 811\A: 

rJle P=N{72, N- YHcnu <l>3Y, & - cpe.UHSISI 3<l><f>eKTII\Btmcrb pen1CTP3LJ.L'IV'I 

Q>parMeHTa O.UHII\M Cb3Y. 
Pacnpe.neneH!IIe no acCOLJ.L'13TIIIBHO!i1 MHO>KeCTBeHHOCH1 W (MA) nonyYaercR 1113 

VICXO,llHOrO W ( M) nyreM CYMMVIpOB3HII\S1 C <PYHKUIIIeVI OTKJlVIt(.a no BCeM <PparMeH

T3M M: 

L W(M) W\MA, M)M 

M=hi:A+1 
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TO'-lHblil! nepeXOJl OT pacnpe.Q,eJleH~R no aCCOL.tlo1aT~BHOlil MHO>KBCTBBHHOCT~ K 

pacnpe,UBJ18Hllll0 no MHO)KBCTBBHHOCTVI B C06b1Tllllll MaTeMaH'I'-lBCKlll 0'-lBHb CllO>KeH. 

noaroMy .uenaercR npe.nnono>KeH~e o cpopMe vtcxo.uHoro pacnpe.Q.elleHliiR, 1o1 era 

npaB.Q.OOO,ll06HOCTb npoaepReTCR nyTeM cpaBH8HVIR 3KCil€PliiM8HTaJlbHbiX J).aHHbiX 

c <l>YHKUJ.1elil, nony'-leHHoC1no cpopMyne ( 1 ). B pe3ynbrare 3TOVI npoL.te..o.ypbl no.ny

'-laKHCR napaMeTpbl ''V1CTV1HHOfO" pacnpeileneHiits:l 110 MHO>K€CT88HHOCH1 8 COfibiH"WI. 

8 CBR3VI C TeM, '-iTO 6oM6ap,UIIIpyiOW,~e MIIIW8Hb '-l3CTVIUbl COilpOBO)KJlaiOTCR npon~

>KBHHbiM rano 6biCTpbiX BTOpVI'-lHbiX "'aCTIIIU, npe,.o,npVIHHMaK>TCR YCVI11V15l no OTJlBJle

HVIIO B ,[lMCD HY)KHbiX C06b1TIIIV! OT ¢lOHOBbiX. cPOHOBble C06biTVIS1 CBS13aHbl, B OCHOB

HOM, CO Clly"'aliiHbiMIII COBila.D.BHVISlML-1 TplllrrepHbiX VIMilYllbCOB C l..tepeHKOBCKVIM 

L-1311Y'-l8Hioo18M OT B33111MOAeillcTBVIS1 pei1S1TVIBL-1CTCK~X "13CTIIIU C MaTeplllaJlOM CLU1HTVIJ1-

J1ATOPOB, CBBTOBOJlOB VI cl>3Y. ,uns:~ yMBHbWBHVIR ¢loHa VICI1011b3y8TCS1 MBTO.U 

JlBOtiHOfO CTp06VIpOB3HVI51 HMilYllbCOB. TplllrrepHbllil ClllfHaJl Bblp863Tbi838T rnaa

Hb1C1 CTp06 .llflVIT8JibHOCTbiO 5Q HC .DJIR VIHTerpL-1pOB3H~S1: lo1MrJYI1bC8 ¢>SY B pal/loHe 

ero MaKCVIMyMa, a TaiOKe aropolil crpo6, npli!XOAAUUIIVI Ha 800 HC paHbWe nepeoro 

1-1 o6ecne"'VIBaiOUU~~Iit VIHTerplllpoeaHio1e a o6nacr1-1 HapacraHI-151 aroro JKe I-1MnynbCa. 

Ha .ueyMepHoM rpa¢111Ke, Vl3o6pa>KaiOW.eM aMnllllll\'AHOe pacnpe.neneHll!e I-1Mnynb

coa OT CUli1HTVI1111SHOpOB, npOVIHTerpVIpOBaHHbiX JlBYMSl CllOC06aMio1 (plt'lc.8}, OT"'BT-

111-180 BVIJlHO p33Jl€JI8HVI8 VICH1HHbiX C06biH1lil VI $OHOBbiX, llOJly"'BHHOe .llflSl 060VIX 

TVIIlOB CB8TOBOJlOB (CilllOWHbiX VI KOM6~Hlllp083HHbiX) llplll 60M6ap,UlllpOBKe Au lly'-1-

"'KOM a-"13CTVIU, C 3Heprlllelif 3,6 ra8fHYKllOH lll VIHTeHC~BHOCTbiO 5x108 
"'aCTliiLl Ha 

c6poc. VICTliiHHbl€ co6b1H1~ rpynnlllpyiOTCSl 01<0110 npSlMO&:illliiHllllll, HaKJlOH KOTOpoei 

onpe.nensteTCSl cKopocTbiO HapacraHVISl VIMnynbca Csi(TI). cPoHOBble ( cny'-laliiHble) 

C06biH1fll10K311VI3yiOTCS1, B OCHOBHOM, Bbii:Ue ltlCTVIHHbiX. STO CBR33HO C TeM, ~TO 

3a.Q,HVIC1 ¢pOHT lo1MilY11bCOB cyw,ecTBeHHO Afl~HHee, ~eM nepeJlHliiVI, VI "13ll.le ecero 

o6a CTp06a OK33biB310TCS1 1!1MeHHO Ha HeM. TaKOMY c.ny~aiO OTBe"'aer KaK pa3 MeHb

wee OTHOW€HVI€ nepaoro c~rHana KO BTOpOMY. 

KonVI~ecrao cny·~aC1HbiX coana,neHio1lil, ocraBWI.1XCR a "oKHe" VICT~HHbiX co6b1TL<1lil, 

H8Bel1VIKO (3-10 o/o) Vl3aBVICliiT OT n03lo1U,Io11o1 KOHKpeTHOrO C"18T"'liiK3. ,D,nst OU,€HKVI Be-

11lll"'l11Hbl aroro cpoHa npliiMeHsmacb npou,e;lypa noaopora paccMorpeHHoro ablwe 
ABYMepHoro pacnpe,Q,eneHlllfl raKVIM o6pa3oM, ~ro6bl Aopo>KKa l'ICWIHHbiX co6b1Tlo11it 

crana nepneHJli-1KY11RpHoVI ocl'! a6ct.U1cc. npoeKTI-1PYfl Aanee Ha 3TY ocb ace co6bi

TL<1fl, ll011Y~VIM ~€TKO Bblpa)K8HHbiC1 nl-11<, paCilOJ10)K€HHbl!il Ha llbeABCTane cl>OHOBbiX 

cnyt..talitHbiX COBila.D.€Hlltt1, BKJla.D. KOTOpbiX Tenepb nerKO MO>KHO yt..teCTb. CDOH Cfly"'alif

HbiX COBila.D.€HVIIif nplll lo1Cil011b3083H~III CllllOWHbiX CBBTOBOJlOB 6bl11 3H3'-I\IIT811bHO 

BbiWB COOTB8TCTBYIOUl€fO $OH3 Jll151 KOM6\IIHlllpoBaHHbiX CB8TOBOJlOB HOBOli!KOHCT

PYKLU1lll. TaK, Hanpli!Mep, Jlllfl AeTeKTopa, loo1111110CTP~PYIDW.ero Mero.n .neoli!Horo crpo-

6~poaaHVIS1 (p1o1c.8)t, BKila.D. cl>OHa COCT3811SU1 15.2 111 1.2% Aflfl p33HbiX Tlo1110B CB€TO

BOJlOB. 

npVI yCp8JlH8Hlll~ Jl3HHbiX no 56 C'-t8T"'liiK3M ,[lMCD (OCTaJlbHble 8, pacnOJ10)1(8HHb18 

B Henocpe,nCTBBHHOCi 611lii30CTlll OT OCV1 ny~Ka VlliiM€10UUII€ 3Ha"'\1T8l1bHO 6onee Bbl~ 

COKVIVI ypoBeHb cpoHa, 1-13 aH3111113a 6biJIVI ~CKI110'-l€Hbl) no11y"'€Hbl C118JlYIOUUII8 3Ha"'e

Hio1S1 Af151 B€1llll'iVIHbl t;J>oHa: 10.4%- Aflfl CnllOWHbiX CBBTOBOJlOB VI 1.7%- .llflfl KOM-

61o1Hlllp083HHbiX. Cne.nyer 3aMeT~Tb, t..tTo npfiMOro cpaBHeHliiSl 3TIIIX aenl-11..tliiH .nenaTb 

H€11b3fl BBVIJlY I-1Cn011b30BaHio1R pa311lii'-IHbiX peaKL.tlo1VI: C(3.6 raB/H) +Au - JV151 

CnllOWHbiX CB8TOBOJlOB 1-1 p(8 r3B/H} +Au - JlllR KOM61o1Hlllp083HHbiX C88TOBOJlOB. 
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P~~tc.8. )lByMepH~e cneKTpbl aMnm1TyA OT OAHOfO &.13 Cl...llitHTIMlJlstTOpOB , 

no11y'-leHHble np111 pa311LI1'-IHOM crpo61o1poeaHIIII-1 , .nsyx nmos ceeroso.nos. 
Bsepxy cnesa ~ Jl.Tlfl peaKUWIIt C(3.6 raB/H) +Au (cnnowHolll ceeroeoA). 
eeepxy cnpasa- Aflst peaKUIItlll p(8 raB) +Au (KOM6111HIIIpoeaHHbllll csero
eo.n). 8HIIt3Y - COOTBSTCTBYIOl!U-18 np08Kl...llltlll ABYM8pHbiX cneKTpOB Ha OCb 
X nocne V1X noeopora (eM. reKcr). UIII<PPbl yKa3biBaK>T ema.n¢1oHa 

O.nHaKo np111 yt..tere coorsercreyiOUJ.IIIX ceYeHio1Lil o6pa3oBaHIIIR '-tepeHKOBCKI-1X '-laCH1U 

MO)KHO OU.SHIIITb 3$4>eKTI.1BHOCTb MOA11t¢IIIIUIIIPOB8HH0f0 CB8TOBO,na no cpaBH8Hit1JO 

co crapbiM eap~~taHTOM. Ecm1 npe.nnonmKI.1Tb, '-ITO eecb Ha6nK>.naeMbl~ <PoH CBfi38H 
CO cny .... allfHbiMIII COBna,neHIItstMLII, TO HCn011b3088HIIt8 CBSTOBOAOB HOBOlJI KOHCTPYK

UI<U1 CH~aeT 3TOT 4>0H B 10 pa3. 
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C6op 111 aHanli13 ~~tH<I>opMau,~~tlA 

3.neKTpoHHoe o6opy.nosaHwte 111 nporpaMMHoe o6ecne'-leHwte ycraHOBKwt ¢1A3A 
on~~tcaHbl a [ 8]. CoapeMeHHaR ex eM a nperepne.na He3Ha'-iHTenbHble 1113MeHeH~~tst a 
OCHOBHOM, B Toll! 'iaCTIIt, KOTOpaR C8s:l33Ha C 33M€HOJi11!1CnO.nb30BaBWII1XCR paHee 
BpeMRnpo.neTHblX re.neCKOnOB Ha TC HOBOill KOHCTpyKU,Io11o1 1o1 OTCYTCTBII1€M B 
MOA1o1cJ>1o1U.lAPOBaHHOill ycraHOBKe 6o.nbWOill no31o1LJ,VIOHH0-4YBCTBio1T€flbHOill naBHH
HOV! K3M8pbl. C60p lo1 H3KOM€Hii18 3KCneplo1M€HTanbHbiX ,D,aHHbiX, T3K )1(€ K3K lA on
poe CliiCTeM KAMAK, npoi!13BOAIIITC51 c noMOUJ,biO MOLltHOVI nsBM nma 
AT486DX2-66 <jl~pMbl ZEOS (B HaCTO"LUee BpeMO Pentium-90). pa6oraiOLUe~ B 
on-line pe)f(!I1Me. OnepaTII1BHaR naMRTb 3TOI7! n3BM- 64 M6aHT, .nsa )1(8CTKlAX A111C· 
Ka IIIM€10T €MKOCTb nol f6aiin K3)1(,Ublill. ,UaHHas:t n38M 111Cno.nb3y€TCR TaiOke AflR 
off-line o6pa6orK~t1 .naHHbiX. 

Ka)l(,[l,oe co6b1TIIIe cocrolt1T 1113 178 6aillr !.<1H<I>OpM3U,lrU.1 o6 aMnnli1T)IA3X B TC 111 
,llMC!> 111 pst,ne npiiiJHaKOB. B Kpeillrax KAMAK IIIMeeTCR .usa 6y¢epa nns:. npe.o.aaplA
renbHOi/1 3anlo1CVI lo1H¢0pMalJ,I.11o1 C KOAII1POBLUIIIKOB , pacC'-Ilo'IT3HHble Ha nplAeM 46 C0-
6biT\IIIil Ka)I(J].bli/1. 3a O.Uio1H "c6poc" YCKOp\11Tefl51 ( 300 MC C neplo10JlOM lO c) MO>KHO 
3an\f1C3Tb Ill npO'-IIo1T3Tb JlO 10 T3KIIIX 6yQ>epOB, "'TO COOTB€TCTBY€T 460 C06b1Tio151M. 
3a OAVIH 3KCnep!IIM€HTaJ1bHbli/l ceaHC (OKOflO 100 '-13COB pa60H>I yCKOpVIT€11S~) 06bi4-
HO HaKannlllaaercR .no 1 f6aillr lAH¢opMaU,Io1111. 

Bnocne.ncTBIIIIII 111H<I>OpMaU,Ii1R c n3BM 06bi'"IHO nepenlACb1BaeTC51 Ha MarHIIITHbl€ 
neHTbl c noMOLl.l,biO EXABYTE-8200. OcHOBHas:~ MaW~~tHa no3sonHeT raiOKe onepa
TVlBHO npOio13BOAIIITb KOHTPOflbHOe Ha6niO.O,€HVle 33 BC€MIII OAHOMepHb1Mio1 cneKT
paMV1, KaK CO CLJ,VIHTII1flfl51U.IIIOHHbiX Jl€T€KTOpOB ,llMct>, TaK lo1 CO C'-1€T'-IV1KOB, COCTaB
flRIOlUIIIX TC (1o1DHII133U.vtOHHbte KaMePbl vt nonynposOAHvtKOBble .nereKTopbl). 
Jlpyras:~ n3BM rvtna AT486. coe.n~HeHHas:~ c nepeoVI 'iepe3 Ka6enb noKanbHoii; 

cervt, KaK npas~no, HacrpoeHa Ha o6pa6oncy 6onbWHX Maccvtsoa, a vtMeHHO Ha 
nony4eHvte mo6oro .neyMepHoro cneKTpa (KaK Ha P""c.3.,. 8 ) no Mepe Ha6opa vtH
<t>opMal.lvtl.1 Ha AV1CK€ OCHOBHOVI n3BM. HanpvtMep, BbiBOJl Ha 3KpaH AvtCnJl€51 ABY
MepHbiX Kapn1HOK OT TC (AE-E) c paapeweH~~teM 256 X 256 TO'-IeK MO)K€T OCYLU€CT
B11SITbC51 OAHOBpeMeHHO CO CTaH.a,apTHOill pa3B6PTKOVI V1 B pe)Kio1Me "nynbl", ~TO 
YA06HO npvt KOHTpo.ne 33 K3'i6CTBOM no.ny'"laeMbiX A3HHbiX 0 rpvtrrepax ycraHOB· 
Kilt. npvt He06XO,IlV1MOCTV1 BTOpa51 n3BM MQ)K€T 6b1Tb nepeKllto'"leHa AJ151 Off-line 
o6pa6oTKio1. 

LIIH""UV1aJ11.13alJ,VI51 6noKOB KAMAK (ycraHOBKa noporos JlvtCKpvtMHHaropoa, 3a.o,ep
>KeK, ycvtneHio1ill, w1o1pvtHbl crpo6oe vt Jlp., a TaiOKe BbiCOKoro Hanps:~*eHvtR A.1151 nlo1Ta
HH51 Cl>3Y) npOV13BOJlV1TCR G noMOUJ,bK> ew,e OJlHOt:l nSBM. 

Asropbl 6naroAaPRT IO.T.BbiJlas:l 3a vt3roroeneHvte nneHO"'HbiX CLJ,VIHTvtnns:~ropoe 
Csi(TI) 6o.nbwoill nnow.an.M, E.A.raHay aa npe,nocrasneHHe no.nynpoBoAHHKOBbiX 
.nereKTopoa, C.lt1.Mepans:~Kosa 3a pa3pa6oncy cneuvtanvta\ltpoeaHHoro 6noKa BbiCO
KoeonbrHoro nlllraHV151 Kn20B, lt1.H.YypV1Ha aa coa.n.aH1.1e KOHrponnepa Kn-012. 
B.A.OnbK\IIHa aa noMOLUb npvt npoee.o.eHIIIvt Mo.nePHIII3al.lvtvt ycraHOBKvt Cl>A3A. 

Pa6ora 6bl.na no.n.nep)KaHa Pocc\ltVICKvtM <t>oH.llOM 4>YH.llaMeHTanbHbiX ...,ccne.o.oea
H~~ (npoeKT 93-02-3755). MelO(JlyHapOAHbiM HaY"HbiM ¢ot<AOM (rpaHT RFKOOO) ~ 
Espone~cK~M ¢oHJlOM INTAS (rpaHT 94-2249). 
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