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A.H.CBBaeB 

B.M.Uynxo-CBTHBXOB 

A.A.IIapROB 

Be;u;yt~~ee aayqHo-BCCJie.D;OBSTencxoe ~eoe: Hscum ~epHHX 

BCCJie;o;oBaHld AH YCCP, KKeB 

3alllft8 .l(BCCePT~ COCTOBTCJI "--" 198_r. 
B qac aa sace;u;aHBH Cne~anBSBPQBaHHoro coBeTa ~04?.01.03 
IIJ>B !a6opaTopo ~epHHX npo6Jieu OIDJ.H, r • .lfy6aa, MocxoBcttol o6Jiacn. 

ABTopeclJepaT pasoCJI8H "--" 198_r. 

C .D;KccepTa~el MOEHO osaaKOMHTl>CH B 6B6xaoTexe OHHH. 

Y~eHHI ce~eTapl> 

Cne~anBSBPOBSHaoro coBeTa 
.D;OKTOp ~3BKO~e~eCKHX H8YK ~/ D.A.&lTYCOB 

OHIIAH XAPAKTEBiC'lliKA 

UeJil>ll aacToJmiel pa6om JIBJL<ieTCJI npoex 
poaaol a:anapaTYJlH B CT8H.D;8PTe KAMAK, o6ecn 
.neue B nepBB"'UJYII o6pa6oTxy :mqx>puanJ~~J~, no 
CDeKTpoCROIIBH HSJIY'IeHlll pa.ItHOHYKJIB,ItOB. Pa6 
PHH ~epHHX npo6Jieu c 1980 no 1987 ro;u;. 

AKTyanpaocTl> TeMH ;u;zccepT~ onpe;u;e~ 
IIpe~BOHHHX CIIeKTpoMeTpax HSJIY'lemtl pa.ItHO 
PliPOB8Tl> 60Jil>IIIHe 06'1>eMH liHqJop~ C BHCOB 
Tpe6yeTCH paspa6oTR8 8BTOM8THSBPOB8HHHX a~ 
BCIIOJil>3y.DTCH IIOCJie;u;mte .D;OCTBZemtH B 06JiaCT 
s~ annapaTypH. 

Hay-qHSJI HOBB3H8 pa6oTH 38ltJIIlqaeTCH B 
- IIpe,IVIOliBHa CTPYKTYPB MO.D;YJil>HOro MHO 

CT~apTe KAMAK. Ha OCHOBe STOI CTPYKT1PY 
R8H8Jil>HHX 8H8JIH38TOpOB, KOTOpHe YOryT ifJyHB 
MeCTHO C ;u;pyrmm YO.D;YJIJDm. Bo BpeNH pei'IICT 
CIIeKTpa ROHTpoxnep RpeiT8 He ~CII0.1Il>3Y6TCJI 0 
CTBHe 8HaJIB38TOpa B OCB06oz;u;aeT Y8I'JICTpa.nl> 
I'JIX sa;o;a'l. MO.D;YJil>HaJI CTpyRTYp8 II03BOJIHeT D 
TaBS a:nnapaTypH OCYl!leCTBJIHTl> pei'JICTpaltHil .J1 
npeo6pasoBaTe.nel, YBe~n o6'1>e11 IIaMJITll 

8HanB38TOpH, T8R B CBCTeMH, pa60T8DIIHe COB 
8H8JIH38TOpH RBJIHDTCH IIepBHYH B MBpe npH60p 

- Ha OCHOBe paspa60T8HHOI CTpyRTYPH 0 
Rpe:ftTHaJI OHCTeYa HaROIIJieHHH MHOrOYepHOI li!H 

OT60poll DOJieSHHX C06HTH:ft, HCDOJil>3yDmaR MO,Jl 
saTOp B CTaH.D;apTe KAMAK. CHCTeMa o6ecneqKB 
pei'IICT~ co6H'l'BI H HMeeT y;u;o6HHe cpe;u;c~ 

116TpH'IeCKHX Y3JIOB. 



B Jia6opaTO.PJD!I .11,1tepma: IIPo6Jiey 

.II,Jtepma: :J:CCJie;JtOBSmd!. 

A.H.CmlaeB 

B.M.Uynx~TRBXOB 

A.A.IIapKOB 

1>-Jrcc.ne,noBS'!'encxoe ~eoe: HHc'l'll'cy'r .11,1tepma: 

COCTO:J:TCJI "-" 198_r. 

IBacenaHHB Cne~:J:PoBaBBoro coBeTa ~047.01.03 

IIP06Jieu OJ.ffiH, r • .Ily6aa, MocxoBcxol o6Jiacn. 

" 198 __ r. 

YOEHO,OSHaKOMHT~CR B 6:J:6BBOTeKe OHHH. 

~/ ll.A.l:e.orycoB 

OHUAH XAPAKTEPHCTHKA PAEOTI:l 

Ue~ HacTogmel pa6oTH RnnHSTCJI IIPOBKTHPOBSHBe H cos.naHBe a~eKT
poHHol alJI18pa'fYPH B CT8B,1J;BpTe KAMAK, o6ecne1JliBaDIIei a@~KTliBHoe HaKon

JielDie H nepBli'UIYD o6pa60TKY HH\POpYalV11ll, no.nyqaeMol IIPH npentrnHOHHOI 

cne:KTpoCKOnl'Il'I HSJIY'lSHBI pa,n:HoJIYK.1ii.moB. Pa6o'l'a IIPOBO,IJ;HJiaC~ B JiaCsopa'l'o-

pBH J1.1tSPHHX ]Jpo6JieM c' 1980 no. 1987 ro.n. · 

AR'l'yaxDHOC'l'~ 'l'SMH ,1J;l'ICC6p'l'~ Onp6,1J;6JIH8'l'CR 'l'SM,, ~0 B COBpeMeHHHX 

np6nH3HOHHHX cneRTpOMSTpax l'I9JIY'l6HBI p8.1tl'IOHYKJIH,!{OB HS06x0,1J;HYO pei'IIIC'l'

p:J:POBa'l'~ 60Jlld11He 06~eMH HH\PO~ C BHCOKOI 9~KTHBHOC'l'bll. ,UruJ 9TOro 

Tpe6yeTCR paspa60TK8 8BTONBTHSHpOB8HHHX 3Jl8KTpOHHHX CHCTSM, B KO'l'OpHX 

HCTIOJil,S:yllTCR TIOCJI6,1J;HB6 ;JtOCTDeHHR B 06JiaCTH. HfC, wmpo3BM .H CT8B,I1;8pTH-

S~ 8III18paTypH. ·, 

HaY]HBJ! HOBHSH8 pa6oTH S8KJI1l'l86'1'CR B CJie.nyllllleM: , 

- llpe,ItJIOJieHB CTPYKTYPa MO;JtYJil,HOro. MHOrOKaH8Jil,HOrO 8~8'l'Opa · B 

CT8B,II;~p'l'e KAMAK •. Ha OCHOBe STOI CTPYKTypH . p8.spa60'1'8HO 'l'pH THn8 YHOrQ-: 

K8H8Jil,HHX ~BTOpOB, KO'l'OpHe MOryT ~OHHPOBST~. B Kpel'l'e COB

MBC'l'HO C ;JtPyrHMH MO;JtyJlSJMJ/1. Bo Bp9MS'I . pei'IIICT~ ,naHHHX. H H86Jm;JteHHR 

cneKTpa xoaTpOJIJiep xpettTa ~e lilcnoJrr,syeTCJI, 'ITO YBSJIH1Do!I18e'l' 6HcTpo,nel

cTBBe 8HaJIHS8TOpa H OCB06~eT MarHCTp8Jil, xpel'l'a ,ItJIR BHTI~8HJIR .npy

I'IIIX sa,naq. Mo.nynHSR CTPYKTYPB nosBOJI.f[B'l' JIYTBY IIPO~Toro HSYeHe~ coc

'l'aBS 8III18p8'l'ypH OCY!IISC'l'BJISi'l'~ perHC'l'~ ,1J;8HHHX OT p8SJIH'IHOro 'IHCJia 

npeo6pa30B8T8JI81~ YB8Jll'I'IHB8TD o6~eY naMRTH, C03,1J;8B8'1'~ KBK 8BTOHOYHH8 · 

aHBDSB'l'OpH, '1'8K H CHC'l'eMH, pa60'l'aDJn118 COBMSCTHO C 3BM. Paspa60'1'8HHY6 

~aTopH SIBJIJmTcs nepBHMH B upe IIPH60paMH no,no6aoro TmB. 

:... Ha OCHOBB paspa6oTrurnol CTpyxTYPH COS,1J;aH8 OpHrHR8nHBR 0,1J;HQ

Kp81'l'HM CHC'l'SNB HaKOMSHHR MHOrOMepaol HH\POPJW.Iimi C np6,1J;B8pl'I'l'6Jil,JWM 

O'l'60poM TIMSSHHX C06HTHI, HCTIOJil,3yDII8Jl MO;JtYJil, JJ;HcppoBHX OKOH :J: 8H8Jll'I-

38TOP B C'l'8B,II;ap'l'e-KAMAK. CHCT6M8 o6ecne'll'IB8eT BHCOxyD ~K'l'HBHOC'l'~ 
perHC'l'pan;Hl'I C06HTHI H · HY69T y.no6HHe cpe;JtCTB8 ,ItJIR H8CTpollm cneKTpo

YSTpl'I'IBCKHX ysJIOB. 
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- Paspa60TSHa MO.ItYJILHaB: CTpyitorypa CHCTeYH, Jipe,ttHaSBa'ieHHO:Ii oWlS~ 
npoBe~eHHH MHOrOMepHHX BSMepeHBI C per.HCTpauKe:li BCex C06HTB:ii •. Cos~-· 
HaB: HS ee OCHOBe ammpaTYPS, BRJIIl1iaDIISS: 6yqep.mdt Hai<OIIHTeJIL B MHOro
I<SHSJID.mdt aHaJIH3aTOp, nOSBOJIJieT e :BHeOKOI ~K'rl!BHOeT:Etll BeCTB BSMe
peHHH e nOMOIIII>D Mmtpo::lBM, l!MellltHX He60JILDJYil npOHSBO,ItiiTeJILHOeTI>. llp:a 
:aenOJILSOBSHJm B I<a'ieeTBe :MHKPO::l:W BHTeJIJielt'cy'aJIDBOro KOBTpOJIJlepa Kpei
Ta, BCJi ammpaTYPS Bai<OilJieHHH pasMeiiiSeTCJi :B O~OM I<pe!Te, 'iTO ~eJiaeT 
yeTaHOBKY e no~o6BHMH xapaKTep:aeTBXSMH ~BoA :B CCCP. 

- Ha OeHOBe paspa60TSHHOI ammpaTYIJH eOS~aH pJi,1t ROMil!Ut'l'BHX aBTo
MSTHS:ilpO:BaHHHX enei<TpOMeTpO:B ,wlSI SRenep:HMeBTOB no Jipe~HOHHO:Ii eneRT
poMeTp:HB BS~eHHI ~O~OB. 

llpaRTB'ieeRSH BeHHoeT:r. pa6om ·eoeToll'f :B TOM, 'iTO. paspa60TSHHSH 
ammpa'fYPS HaiDJI8 umpoxoe npmteHeJme :B :aeCJie~o:BaBliJDC, npoBo,IQD4HX B Jra-

6opaTopliSX OHRH~ ~yrmc BHe~ax · CoBeTexoro Coma :a eTpaJI.;.Y"f8eT~ 
OIDlli (HPE, .tiCCP, CPB, :KH,UP). Pa3pa6oTSHHHe MO.ItYJDI o6.!3cne'ieHH Heo6xo
~ol ~oK,yMeBT~el, Ha OeBOBe ROTOpOI opraBHSO:BaHO BX eep:ai:Hoe BSro
TOBJleJme :B OmlTBOM npoHSBO~eTBe OIDllf~ a TaiOKe Ha lJpe;Iti1pltS1TlDI UO BSro
TORnemm np:a6opoB ,wlSI JI8Y'!HHX BeCJie~qBWmit IIpll . CoifJdeKOM ymmepCHTeTe • 

K Mall 1988 r. 6Wlo BSroTo:eJreBo .60Jiee 300 6.noxo:B 14 BaliMeHo:BaHHI. 

OcHOBBHe pesi.m.TaTH pa6om o6e~e:r. Ha BaYliHo-MeTo~eeKBX ee
Ml!Bapax Jia6opaTopmr smepHHX npo6.neu OIDlli :a Jia6opaoropmr smepHHX MoMeH
ToB IDI~ AH YsCCP, ~oKJTa;D}l:B8JDie:r. Ba MeJr,JzyBapo.ltHJlX cmmosJcyMSX uo smep
HOI aJiettTpoJmRe U>PaTBCJraBa, 1983 r.; .Itv6Ha, 1985 r.) Ha Beeeomaou 
cmmos:a:yue . UO. SBTOMSTJisSitm BeCJie~o:BaHBI :B H.D;epHOit ci&m:HRe B CMemiHX . 
o6JraeTBX (T6BJDic:a, 1984' r.), Ba BeeeomHHX eoBelllaHliBX no H,ItepHol enexor
poexono B eT.PyitTypfl 8TOMHOro H,Itpa (Klil:eB, 1982 r. ;'MoeR:Ba, 1983 r.; 
JleBJriJirpa,it, 1984 r.), ony6JDIKo:BaHJl :B Hay'IHJlX zyJ>H8Jf8X B B :mr,Ite C0061!1e-ud OHHH. ·. . . . 

lly6.Jnpy!!J!!. · MaTep:aa.mi, :Bome,It111Be B ~eeepT~, ony6.inmo:BaBH :B 
22 BaYliHHX pa6oTax. · · . · · 

CTpy!SUp8 :a o61.e11 peeeprnw. ,Il'B:eeepr~ eoe'l'OBT BS :BBe~eHHH, 
4 rJraB B SaRJlJJ'ieHHH. 0Ha eo~epmrr 160 eTpaBmt TeKe'fa, 5 Ta6~t 46 PK-
eymtOB B eiiHeOR .mrrepa'!'YPH HS Il7 BamlleBoliaHBA. :. . . . • . . . 

COm:PJKAHHE P.AEOTI:l 

llep:BSH rJra:Ba nocBmJteBa · OIIHoamm aJieK'l'pOHHO:Ii . ammpa'fYIH BaKOilJie,
HHH BH~~. :acnOJILSyeuo:li :B eoBpeMeHBHX axenep:ayesTax no.H.D:epBoA 
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cuelt'l'poexoiiHB~ B,Ha'iSJle rJra:BH onpe~eJIJDl'l'CJi s~u, eTOJmtlle nepe~ Ta
xot.t ammpaTYPOt.l. llpBBO,ItliTCJi OeHOBBHe <PYII~ MHOrOKaHaJILHHX aHaJDISS-

• TOPOB.H .peJIO!YH HaKOUJieHHH.BH~~. llp:a paCCMOTpemm MeTO~OB HaKOn
.neHHH · HHiflo~ :B cneRTpoueTpax woroMepHoro · aHaJIH3a epa}!mmamciJ 
CHeTeMH. e per.HeTpauKe:li TOJILRO npe~pneJILHO OT06paHBHX no.nesHHX e0-
6HTB:Ii B CHeTeMH e per.HeT~e:li Beex noe'eyii8DIIHX eo6HTHt.l. . ... 

'• . . ' . -- ' ' < ) 

Ifa np:HMepe MBOrOKaHaJILHOrO 8Ba.nlil:saTopa paeCMaTPKB8D'fCJ1PeHO:BHHe 
" + _. - ••••• •• 

ys.ns ezeTeM per.HeTPSitm cneRTpOMeTp:il'ieeRO:Ii HHiflo~ - npeo6paso:Ba-
TeJDI elii'BaJlO:B B KO~, HaROliHTeJDI ~~ yeTpoieT:Ba :Blii:SyaJILHOro npe;ri;c
TaBJleHHH eo~eJllDDIOro JiaMll:TB HaKOIIHTeJia: H HHTe.J?IIle:liCH eBSi3B e BBemHHMB 
yeTpot.leT:BaMB. . 

~ee ~eJraeTes aHa.nHS enoeo6oB H~OilJieHHH :a Ha6~e~ cneKTpo
MeTp:il'ie eRO:Ii BHifloPMSitm. ,lVm 8TOro Bee. ys.nH eneRTpOMeTpOB pas~eJIRDTCJi 
aa ene~s:apo:BaHHHe :a CHeTeMHHe (o6111ero aasHa'ieHBS) yeTpo:lieTBa: 06-
eYJif,ltaeTes paenpe~e.neHBe ~ Mex.ItY ene~a.nHS:apo:BaHHllMB :a e:aeTe:Mmi
MH yeTpot.leT:BaMB np:a perueTPSitm eo6HTlil:t.l. PaecMaTpB:BaeTcs po~.6yqep
BHX aaxoDlii:Te.ne~ ~aHHHX,· noxasaBH npeHMY~~~eeT:Ba yeTpoAeTB ~ 6yqepHHMB 
HSROIIH'l'eJIJIMH no ePaBHerum e e:He'l'eMSMB, per.HeTp:HpymtBMH ~aHHHe no npe
ptmaHlDl npol'paMM!l ~eHTpa.m.aoro npo~eecopa.Smi·:a·no RaHa.ny Dp.ayoro ,I(oe
TYUS R OeHOBHOt.l JiaMll:'l'H eBeTeMH. 

C:ileTeMaTBSBpy.DTcs eTpyK'l'ypY eoBpeMeHHHX MHOrORaHaJILHHX.aHaJDisa
TOPO:B, :BHnye:KaeYHX B Haytl}IHX ~eHTpax H sapy6emoo,m cJHJBISMII. ITO HCXO~
HHM S.UeMeHTaM, Ha OCHOBe ROTOJ.)Hx npoeRTBpy.DTeH EUISJiimaTOpH, Bee eTpyK
TYPH pas~e.neHH Ba 'i6THpe rpymm: aHaJIH38TOpH, npoempyeMHe Ha OCHOBe 
OT~eJILHHX HHTerpa.m.HHX M:HKPOCXeM; aHaJIH3aTopH, npoeRT:apyeMHe e :aeno.n:r.
soBaHBeM ymmepca.m.HHX IlJIST :BH'i:ilc.nB'l'e.m.Bol Texmnm (o~oilJISTHHe. SBv'I); 
aHaJJJiiSaTOpH, eos~:BaeYHe . nyTe:M no,Itltlii7'IeHBS ene~aJDISHpo:BaHHHX MO.ItY.neit 
X .llll!llaM HHiflop~OHHQ-HS:MepBTeJILBHX. cBeTeM. (KAMAK, VME ) ; B, aHaJIH3a'l'o
pH, eoa~BaeYHe nyTeM no,Itltlii7'IeHHH ene~a.nHS:HpO:BaHHJlX MO.ItY.Uet.l R YHBBep
CaJILHHM SBM, :B 'iaeTBOeTH,'R uepeoHaJILHHM ROMII:r.ll'repaM; Oeo6oe Blllii:MaHlle 
y,tJ;eJIJI6TCJ1 i:q)H6o.i;>aM TpeT:&eit H. 'ieTBep'l'Ot.l rpynn, ,wlSI RO'l'OpHX nORaSaHH 
JipeHMYI!IeeT:Ba HenOJILSO:BaHHH 6yqJepHHX HaKOIIHTe.ne:li. CPaBHli:BallTeH :BaplllaH
TH. paeno.na.eHHH 6yqJepBHX HaxoiiH'l'e.nel B ROpnyee IImJ.f B B OT~eJILHO.M 
XOBeTpYlt'l'BBe. XapaRTep:acTBRa. CTPYRTYP MHOroRaHaJILHHX aHaJDISSTOpoB ~
eTCJi e TO"Dtll SpeJmR: 3®Jelt'l'B:BBOCTH per.HCTprunDI eo6HT:Ht.l, y,tt06eT:Ba Hc
nO.n:&sOBSHHH B aB'fOIISTHS:HpO:BaHHHX CHCTewaX, ammpaTHHX SSTpaT H O~ella 
pa6or, :mrixo.nasewa: IIpll npoeRTBpo:BaHD ~ 

ll.PB o6eyz,Itemm e:aeTeM ~moroMepaoro aHa.nHSa e npe~p:aTe.m.BBM OT-
6opoM no.nesBHX . eo6HTB:Ii nORaSaBH JipeHMYIIIeeT:Ba Heno.m.so:sSim.s OT60pa rtag}

poBHWH ORH8MH no ePaBHeHBD e IIpliMeHeHHeM aHa.nOroBHX MeTO~OB. 
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ITPH paccuoTpem cJ!core.S MHorouepsoro_ asamma··c perxcorpattlle! Bcex 
co6LITd o6c~CH ,n:sS Bap:mmora iflo!EPo:sam!Jt MaCCHBa ;D;aHHLIX, 3amiCLI.:_ 
Baem Ha- 'mrJD!orBYJ> · JieHTy •. B O,l(HOM H3 · HBX. iflopMilpoBaHBe uaccna · npOH3-
BO,ItHTCH B fJ3Y S:W, o6wmo C nouo!lll>D KOHTpOJJJiepa · npJ!MOro ,l(OC'fYDB K IIa

MllTH. B ,l(pyl'OM moen' qx)pMJripyeTCJI B. 6yq,epliou HaKOIIHTeJie 6es yimC'fHS: 
CHCTeMHol lllHRLl. H n;eRTpaJI!>HOrO·.npon;eccopa SBM, ynpa:BJllDlle! axcnepDeH-

. TOM. lloKa3aHO, 'ITO KaK H · ~ . saROWleHHH cneKTpoB B MHOrOitaHaJIJ)HLIX 
aRaJ.IHSaoropax, Hcnom.soBaHHe 6yq,epHHi: saxonHTeJiel o6ecne'JHBaeT HSH6<).;. 
Jie.e BLICOKyD CKOpoCTI> peJ:oHCTpattliH~ CHHlE88T sarpyaxy CHCTeMHLIX ycTpOICT:B 

. cneKTpoMeTpa, 'ITO nos:BOJIJteT HCnOJil>30BaT:& B axcnepoesore MHKpoSBM, m~e
IOOtHe H86oJILIIIYil npoH3BO,ItHTeJI:&HOCT:&. 

B KORD;e nepBO! rJiami npHBO,ItHTCH pac'leT nPe;D;8JI:&HLIX sarpyso'iJ:RHX - . . . 
xapaKTepHcTHK ~ annapaorypu HaKOWlaHHS: cnexorpouerrpoB MHorouepsoro 
e.HaJIHSa. . .. 

. Bo BTopol rJiaBe .onHcLIBaeorca paspa6ooraHHSH HaMH crrpyxorypa MO,l(yJI:&
soro MHoroKaHaJI:&soro·asammaoropa, npe,l(R83Ra'leHHoro ~ HaKOWleHHa 
O,l(HOMepHWC cneKTPOB0 H·C03,l(aHHaH B COOTB8TCTBHH C 8TOI_CT~ypo! 
cHcTeua MO,l(yJiei·B cor~pore KAMAK, xooropaa nosBOJiaeT npocTLIM HSMeHe-
HHeM COCTaBa annapaorypu C03,l(aBaT:& aHaJIB38TOpLl .pasHLIX THnOB. . , . 

o.zomy H3 OCHOBHLIX Y3JIOB aHaJIH38TOpa Jti3Jm8TCH HSKOnHTeJI:&, _KOTOpwi 
COCTOHT H3 ,l(ByJC YO,l(yJial - JliiO,l(yJI:&.ynpaBJI8HHa IISMliT:&J) H CaMS IIaMHT:&. 
Paspa6ooraso TPH THna MO,l(yJie! ynpaBJieHHa IJaMHT:&I). . . . 

){;sa H3 HHX ; npoH3BO,l(HT HHKpeMaHTHpoBaHHe CO,l(apu;uoro a'ieiKH naMfl

TH · (xaHaJia) ':no a,Iijl8CY, COOTB8TCTByDII8yY BXO,l(llOyY. KO,l(y • TaKOI pelDIM • pe-
1-HCTpattliH MOJt8T.HCnOJI:&30BaT:&CJt ~ H3MepeHHa aMIIJIH'lY,l(HOro HJIHBpeMeH
HOrO pacnpe;D;eJiesd nocTynaDDtHX CHrHMOB. · Mo,l(7JI:&. KJI ora. npe,l(Hassa-qes 
~ pa60TH· c IIaMHT:&D, onepl!pyDIIel c I6-paspH,1tHIDIH CJIOBaMH H co;n;epza
l!lal ,1(0. I6K a'leex •. MO,l(yJI:& KJI 0!9 npe,l(R83R8'18H ~. p86oTH c IJaMHT:&I), one
PHPy.Dme! c 24-pas~ CJIOBBMH·H co;D;epzamel ;n;o_32K a-qeex. 

. Tpe'fd . IIO,l(yJI:& ynpaBJieHHa IJaMa'l':&l). npoHSBO,ItHT 3amJC:& BXO,l(HLIX ,l(aHHLlX 

B .noCJie;D;OBaTeJI:&HHe a'ieiKH JiaMllTll HJIH cyYilllpoBaHHe ... a'fHX ,ItaHHHX. c npe.z
HBM CO,l(epJilDo!HM COOTBeTCTBYJXIIHX a-qeeK. TaKI!!e pemDII:l pei'HCTpaD;iDI MOcyT 
HCnOJI:&SOBaT:&CH ~HCCJI8,1(0B8HHS: HHT6HCHBROCTH HMnYJI:&COB,.MeHRml!leiCH. 
BO BpeiiEliDI (Tax Ha3LIBaeMHI C'leTHLII, HJIH MYJI:&TllCKeii.nepHHi1 aHSJII13aTop). 
Paspa6oTaHHHI MO,l(yJI:& KJI 014 npe,l(Hassa-qes· ~ onepl!poBSHHS: c. !6-paspM
HHIIH CJioBBMH H nosBoJISieT pemcorpHpoBaT:& ,l(aHHLle oor IS c'leT'IHKOB •. 
~ HaKOnHT6JISI paspa6oTaHH TPH THna NO,l(yJie! IIaMiiTH. Ra OCHOB6 00Y 

CTa'l'JAecxoro THIJa. Mo,l(yJI:& KJI 020 co;D;epmtT 4K !6-paspJJ,I{HLlX CJIOB, -qeTLI
pe IIO,l(yJISI IIOryT pa6oTaT:& COBM8CTRO,· o6pasya,naMRT:& I6K:l6-pas~. 
CJIOB. MO,l(yJI:& KJI 025 CO,l(epmtT 8K 16-pasp.H,l(HHX CJIOB, ,l(Ba MO,l(yJISI lo!OryT 
pa6oTaT:& coBIIecorso, o6pasya IIaiiJt'r:& I6K 16-pasp.a;JtBHX CJIOB. Mo,l(yJI:& 
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KJI'024. CO,l(8pmtT 4K 24-paspJJ,I{HLlX CJIOB, BOCeN:& MO,l(yJie!.MOrYT pa60T8T:& 
coBMecTRQ, o6i;>asya IIaMI!n eMiiocT:&J) 32K 2~pasPIJ,1tJ:ILlX CJIOB. Mo,l(yJIH 
KJI ·. 024 H .!01 025 HMeDT. B<?3MODOCT:& coxpaHjm, CO,l(epmiMoe JiaMllTll IIpB 
OTRJJDlieRHH nHTaHHS:. . . 

C nouolli:&J) cne~so · paspa6ooraimoro MO,l(yJISI. ,l(JJJI sacTpoiKH BaROnH-. 
TeJiel npoHsBe;D;eso :HSIIepeHHe HX · iiarpyao'IHLIX xa.PliKTepHcm.. . 

Paspa60TaHHaa cicore..S.·uo;D;iJiel nosBoMeT cos,l(aBST:& xax 'aBorosoMHHe 
aHaJIH3aoropu·, Tax H ycorpoiCTBa, 'B3aBMO;D;elcTByDitlle c ymmepCaJI:&HHMH SBM. 
B noCJie,l(HeM CJJy'me HaKOnHTeJI:&, saxoltfDitHICH B xpel're KAMAK, no oorsome
HHD x SBM mnoJIRaeT pon 6yq,epsoro HaROnHTeJISI. 

.·.·, 

'J'tACTKA nAMA' J4HMUMAAMlAU,MA 

Ht.::.~~=A.,.------4 
• • < • • -

PHc. I. ABTosolo!HHI aHaJilt3aTop B. CTaH,l(SpTe KAMAK. 
,_ . . ' 

B aBToHoMRoM asammaorope (pJiic. I) x uaxonHTeJID -qepes BHellllld 
pas~11 'no.Itit1IIJ'UleTCH cneitH8JIHSHPoBaruudf HRTe~lc .liHcWlea. B samicm~oc>
TH OT eMKOCTH KaHMa HaKOnKTeJISI JI!Ciio.JlisymCH MO,l(yJI:& KH 038 - ,l(JJJI HaKo

nKTeJiel c: eantOC'r:&J) xalla.1r8 216 m MO,icrn 1m 044 - ,l(JJJI HaKOnHTeJie! c . 
ellltOCT:&J) xSsaJia 224• Ynjle.BJ!eHHe Pa60TO! asa.iiHSaTopa H llaHHIIyJIBI.tilll[ 0 
HS06p!maeMYu cneKTpolol npoHSBOWrrCH milpeRJJDllaTaJisum, pacnOJIOJteHRLIIIH sa 
nepe,l(HHX IIaHeMX HaROnHTeJISI H HHTePfllelca. 06a HH'repipelca lo!OryT. OTo6pa
XS'r:& co;D;epmt~o~oe DBio!RiH saRonHTeJIK aa·oc~orpa~ecRoM ,l(Hcnxee KXH 
sa rpaiflonocTpOJI!TeJie. HHTePflleitCH o6ecne"'HBaDT noJIHoe H306pazeHHe crielt'f
pa~ CO,l(6:pll81118ro 4096 KaHaJIOB, JIH6o ero cpparMeRTOB no.l28, 256 H T.,l(. 
ltaRaJIOB. ,ll;lui sarJISJJisocTH HSo6paZeHWI Bcero·,ItHanasosa co;D;epmtMoro Ralia-
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JIOB no ocH Y,, xpoMe ,IteCJlTH .mmeiiHH:x Maclll'l'a6oB, :HMeeTcs BosMOJEHOCT:t.. 

EHBO,ItB B JIOrapH~6CKOM Ma"CIIl'l'a6e~ C IIOMOmPD nO.ItBBZHOro ~pxepa M~O 
BHB6CTH HS nz@.poEHe HH,ItHKaTOpG IIapaM6TpG, SJI6M6HTOB CII6RTpa (HOMep Ka

HaJia, ero CO,It6p:DMOe), a TBRZe p83M6THT:& HHTepeCYDl!HB SKCII6pmi6HTaT0"7 

pa Y'ffiCTKH • lloCJie OIIHCBHHJI pa60TH MO,ItYJiel 1m.· 038. H, IDf 044 I!pHBO,ItJJTCJJ. 

opHI'ID!BJl:&HHe cxeMH. ysJioB. na~poBoro. J16rapn~ecxoro npeo6pasoBaHHJI H 

npeo6pasoBaTeJl8 .ItBOJromx KO.ItOB B .ItBOlif'!Ho-,~teemlJtJlimt. Oco6eHHOcTl>ll 

STHX- cxeM '.llBJUIDTCJJ mcoKoe '6HcTpO,IteiCTBHe H H63HS'!I!T6JI:&HBe aiiiiapaTBlle 

saTpaTH.. . . . 
B aHBJJll3aTope, pa6oTaJilll6M co:BMecTHO c SBM, qzyHlti(W! yripSBJreHH.II 

HaKOIIJieHHeM H Ha6Jm,IJ;eHHJI CIIeKTpOB BOSJial'allTCJJ Ha SBM. lloCKOJl:&Ky ·pe

rHCTpal4Wl ,ItaHHHX IIpOHSBO,ItKTCJJ 6es Y'UlCTHJJ SBM, TO CKOpOCT:& HaKOIIJIBHHJI 

,ItaHHWC He 3aBHCHT OT ee IIpOHSBO,ItKTeJl:&HOCTH. lfso6pazeHHe CIIeKTpa B '1'8-

KIDC aHBJJli3STopaJc' MO.llteT cTpoHT:&cs HJIH Ha ,ItKCIIJiee SBM, HJIH . Ha sKpaHe · 

,ItHcnnes, CB83aHHoro c MarHCTPSJI:&D KAMAK ~epes HHTe~lc. B Ka~ecTBe 
HHTe~ICOB MOryT HCIIOJl:&SOBaT:&CJJ JIH60 HMe~ecs HHTe~ICH ,Itn8 TeJie

BHSHOHHHX ,ItKCIIXeeB, Ji:H6o _HHTe~IC IDf 046, paspa60TaiDml HaMH .ItJl8 OC

nHJIJIOrpatlm'teCKOro ,ItKCIIJieJi. !3'1'0'1' MO,ItYJi:r, JIIMeeT 6Y\IJepJIYll :n:ar.IJlT:& 8MKOCT:&Il 

8Kx:I2, ~To oc:Bo60lr,ItaeT SBM oT aeiipeplitBHHX IJ;I!KJIOB pereaepau;HH Ka,Itpa H 

o6ecne'!I!BaeT 6oJiee Ka~ecTBeHHoe nso6pa.llteHHe. Mo,ItYJI:& IDf 046 MO.llteT Hc-

IIOJI:&SOBaT:&cs H _.ItJlii EHBO,Ita CII6KTpa Ha rpa~IIOCTpOHTeJI:&. PaspemeHHe EH-

BO.ItJIIMOro nso6pazeHHJI cocTaBJIIieT 4096x4096 To~eK. ., 

~ sa,ItaHHJ~·BpeMeHH SKCIIOS~ paspa60TaH TaiMep RC 024, B KOTo

pOM OTC~e'T 3KCIIOS~ MO.llteT IIpOHSBO,ItKT:&M IIO peaJI:&HOMY HJlH ltHBOMY Bpe

MBHH. MO,ItYJI:& o6ecne'!I!BaeT.:~ecltldt OTC~eT .ItByX IIOCJl6,ItOBaT8Jl:&HilX HH

TepnanoB BpeueHH,-B ,Itaanasoae .oT o,r Me .Ito II4 CYTOK. 

BKoHI(e'rJiaEH-IIPHBO.ItJJTCJJ BaPHaHTH cxeu aHaJIHsaTopoB, pas~e
cs ~OHaJI:&HHMH :BOSMOlWOCTJJMH, opraHHS~el Ha6Jm,lteBHJi cneKTpOB H 

ynpaBJieJOOI pa6oTol. B Ta6,mmax IIpHBO.ItJJTCJJ xapaKTepncTHKH paspa6oTaHHHX 

HSKOIIHTeJiel H aHaJIH38TOPOB 1 • a TaRZe 8HaJIOI'll'mHX. YCTpOICTB, EHeyCKa8MHX 

sapy6e.11HHMH qmpyrum. 1fs CpaBHeHHJI STHX :XSpaKTepHCTHK CJie,ItYeTt ~TO pas-

pa60TaHHlle HaMH ycTpolc'l'Ba .He ycrrynam co:BpeMeHimu sapy6e.lltHHMaHaJIOraM. 

Toe'l'M rJiaBa IIOCBJII116Ha COS,ItalUtlD CHCTBM B CTB.H,ItapTe KAMAK,,Itn.~J npo

B8,It8HHJI .MHOroMepma: HSMepeHH!. Paspa60TBHH CTPYl\Tj'pHBe cxeMH H aiiiiapa

TyPa CHC'l'eM HaKOIIJI6HHJI ,ItJl8 cneKTpOMe'l'pOB C perHCT~el npe.ltBapHT6Jl:&HO 

OT06PaHHWC IIOJieSHHX co6HTHI H ~ cneKTpOMeTpOB c perHcTPBUiel Bcex 
noc~.co6uTd. . · · . 

- B.Ha~e rJiaEH' ocSc~aD'l'CJ!. 06Dtlle_. IIP1ninHIIIit OPramm8nHH-Cl!CTeM MHo

roMepaoro aHaJll!Sa B CTB.H,ItaP'fe KAMAl{. R '!I!CJiy OCHOBHBX IIp:HJmimOB, 1!38-

THX HaMl! ·sa ~CHO:sy IIpl! ~spa60TK8 CTPYKTY'PHilX CX6M1 OTHOCJJTCJJ: · H63aBH-

• Cl!MOCT:& CKOpOCTl! perHCTpa~ ~ OT IIpOH3BO,Itl!T6Jl:&HOCTl!HCnOJl:&3yeMOI_ 
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SBM, o6ecne~eHRe cneKTpOMeTpoB cpe,ItcTBaMH .ItJl8 IIpOC'l'OI HaCTpoiKH aiiiia-

paTypu,: opraHl!S~ Ha.Iteziloro KOHTPOJIIi sa XO.ItOM axcnepJ~MeHTa.; · 

. CJ!C'l'BMH, HaKaiJJDIBaDJtHe l!H~pMaitiD) C IIpe,ItBaPlJT8Jl:&m.tlof OT60pOM no

Jl63HWC C06HTJ!I, nOC'l'poeHH Ha 6ase COSJ1.8HHHX HSIIH MO,ItYJIIi nz~poma OKOH 

RJI 022 .:e: MHoroKaHaJI:&Horo aHaJIHSaTopa B CTB.H,ItapTe RAMAR. B .ItHCCePT~ 
OIIHcaBBDTCJJ,ItBS Bap:e:aHTa CHCTeM c O'l'6opOM IIGnesBHX co6HTJ!I ~no O,ItHo-' 

MY H no .1tliYK napa~~eTpaw (CM. pnc~ "2). B co.CTaB CHcTeM BXO.ItJJT Taxae m:e:
poxo . pacnpoCTpaaeHHHe · AUII. O'!'o6paHHHe co6Hm perncTpxpymcs B · onpe,~te,;., 
Jl8HBHX Y'UlCTKaX IIaMJJTH aHaJIHSaTopa. MoJEHo opraHHSO:s2'l'l> IIapaJIJl8Jl:&HOe 

HaKOIIJieHl!e ,ItO !6 CIIeKTpoB. I:'pamn:tli OKOH MO!'y'r 6HT:& YCTaHOBJleHH B 

.u;HaiiaSOHe 0'1' 0 ,ItO 4095 ItaHa.JioB. IJoJioaeHl!e l! pasMep OKHa OI:lpe.IteJIJmTCJJ 

IIO ~,PMe IIpe,ItBSPlJTBJl:&HO HaKOIIJieHBHX B aHaJIHSSTOpe O,ItHOMepma: cneKTpoB. 

BpeMII OT60pa JleD'J.' B IIpe,ItBJiaX OT 0,3 ,ItO 2 MKC, ~0 .COCTaBJIIie1' B.ltiiHimH 

npo~eH1'0B 01' BpeweHR npeo6pasoll8mm cl!l'HaJioB B AUII. BeJnt1mHa npoc~e-
1'0B B cneKTpOMB'l'pax ClUla,1tllB88TC8 H3 BpeMeHl! IIpe06pSSOBaHl!8 Cl!l'HaJl8 B 

AUII l! npoBepltl! RO.ltS B MO,ItYJie RJI 022. Ha ripe,IteJI:&BllX sarpysxax aHaJioro-

.BoA aiiiiapa'l'ypu Be~a npoc~e'l'OB He npeEHmae'l' 6%. 

Sl 

MAfiiCTPAA.b K AMAK 

!';I~ ACTOK nAMATif 

W t1 H A A A H H bl X 12 &HT 

Pl!c. 2. Cl!c1'eMS MHorowepHoro aHa.llna c npe,ItBapl!'l'eJI:&HIDI O'l'6opow · 

UOJiesma: Co6HTd DO .ItBYM napaweTpaM ( S1 , 52). 

Paspa6oTaHHHe c:e:c'l'eMH o6ecne~ ~o6ayD aacTpoiKy aHaJioroBHX 

MO,ItYJlBI l! YCTSHOBKy. ~ OXOH, a BO BpeiiJ! 8Kcnepl!MBH'l'a IIOSBOJl.!D)'l' 

BeC'l'l! Ha~eHl!e J1.8HHHX, sapei'l!C'l'.PJipoBallliHX B pas.l!l!'JHHX Y'UlCTKaX na-. 

IIJ!Tl! 8H8.JDI381'0pa, He CJ!DaJI CROPOC'l'l! perHCTpaitiDI. 0CHOBHHIIII ,ItOC'l'OliHC'l'

Ballll OIDICHBaeiiHX Cl!C'l'eM IIO CpaBHeHlD:l C :BCIIOJI:&Syei6IIilll paaee Cl!C'l'eMSMR, 

KO'l'Opue lliUIOJJHJIJDI O'l'6op SHaJIOromtWZ LIETOltOOr .S:B.1ImTC8 BHCOKa.IJ '1'0~-

7 



HOeT:& H npOeTOT8 ,aKeiiJIYSTaiJ;Im, 'ITO ll03BOJIJI9T YBeJIHTmBST:& 'Dic.iJ:O O,D;HO..; 
BpeMeHHO HaKannHBaeMHX eneKTpOB H ~oe~ BHeOKO! 3~RTHBHOeTH pe~ 
I'llei'pai:Qm. 

B. oeHOBEl pa6oTH e03~0! ruu.m: eHeTeMH, pei'lleTpHpymte!. Bee nocTy
namtHe eo6HTWI e nqCJie,ltyDite! :ax 3anHe:&D na Yal'HHTH;VD JieHTY; JieDT eno
eod qx,pMHpomiJma 3anHCHBaeMOrO aa-JI9HTY MaeCHBa ,ltaHHHX B 6yipepHOM- Ha
KODHTeJie 6e3 yqaeru 'S:BM (eM~ pRe. 3); CHeTeyY MOZHO pa3~eJIHT:& Ha 
IlllT:& qTyHKnHomi.ir:&ma Y3JIOB!. iipeo6pa30BaTeJIH, 6yipepmtlt HaiomrreJI:&; KOHT::.: 
poJJ.irep BHeiDBe! nmlm ~awmx, aBTOHOMHH! MHoroKaHaJI:&mtlt aHSJIH38Top H Ha
KOnHTeJI:& Ha MarHHTHO! JieHTe. llepBHe ~eTHpe Y3Jia B3aHMO~efteTBYDT ~epe3 
BHeiDBIIJI) ~ ~. TaKrui e:M3:& B OTJllt1Die 0'1' etrit'l'HBaHHSI RO~OB ~epe3 
M8I'lleTpaJI:& KAMAK ll03BOJIHJia-~OeTH~ 6oJiee BHeORO! eROpOeTH perHeT~ 
e06HTH!, eHH3HT:& 3arPY3KY KOHTpOJIJiepa Iqle!T8, . HcnOJi:&::!oB8'1':& B cneitTpo
MeTpe ilpeo6pa30B8Te.rm, ·He. HYe:mv.te eruri3H e :Mai'lleTpmm KAMAl<, B TOM 
~CJie _yeTpol!ieTBa, H3roToBJiemme B · oTJi:lrnioM oT KAMAK · KoHcTpyxme. Mo
~JI:& ynpaBJieHHSt MHOrOMepHHM aHaJIH30M KJI 02!, BHnoJ!WmmH! poJI:& KOHTpOJI
Jiep8 BHeiDBel!i mHHH ,ltaHHHX, e~THBaeT KO,D;H e Al(II H qop:MHpyeT B MO~~ 

1) n P(05P.A]08A UA H 

I "tTEHMEI 

15"14tlPHIIoiM I ICOHTPOAAEP 
:)H A 1C 0 n M T r A b 11). W MM... AA H M ... X 

Pae.·3. CneTeMa MHoroMepHoro aHaxR38, perHeTpHpynmaa Bee noeT~e 
eo6HT:wt B 6Yiflepaoi.t H8Korx:liiTeJie e noCJie~e! 3arme:&D :ra na 
MarHHTHYJO JieHTY. 

6yipepHoft naMIITH meeHB ~IUIHX B mute, y,It06HoM .TtJDI. eop'l'HpOBKH H8 SBM. 
RoHeTp~ NO~JIR KJI 02! ll03BOJIJl9T pericTplfPOB8T:& MHoroMepHHe C06H
THil, OimCHBaeMHe OT I ~0 8 napaMeTpaMH. B COCTaB 6yipepHoro H8KOIIHT9JIJI 
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BXO,ltfl'r ~ MO~JIJI 6yipepHOi naMii'l'H, p860TSDIV!9 noo~epe,D;Ho. IloCJie 38-
UOJIHSHHH'O,D;HOro H3 MO~Jie! naMIITH ero CO~epzHMoe ~epe3 KOHTpOJIJiep 
Kpe:ih'8 c no:Molllbll :rmTepP9ftca RH 03! nepeCHJiaeTcst B MaJior86apHTmtlt HMJI 
CM 5300~ 

.A:BTOHO:Mmtlt MHOroKaHaJI:&mtlt aHaJIH38TOp, OimcaHHHl!i BO BTOpOl!i rJiaBe 
~ecepTanHH, :BRJII)'qeH B COCTaB CHeTeMH ;It1IH Bl:UIOJIHeHHH 60JI:&Illoro o&!,eMa 
pa6o'1' npH nacTpoftKe 8HaJioro:ma: MO~Jie! cneitTpoMeTpa. Mo~JI:& KH 02!. 
npH HaCTpOftKe U03BOJIJI9T C'DITHBa'l':& ·xo~ BH6paHHoro Al(II B aHaJIH38TOp 6e3, . 
38HeCeHHH ~ B 6yipepmtlt HaKOnHTeJI:&. C UOMOutLD 3TOro X9 aHSJIH38TD
pa npOH3BO~CSI ROHTpoJI:& 38 XO~OM 3RcnepzMeHT8. llpH T8ROM KOHTpOJie, 
xo~ AUll napaJIJieJI:&HO c 3anHC:&D B 6yipepHYJl nawrr:& 3anocHTcst B SHSJIH3a- . 
TOp, He CHHl!BSI eKOPOCT~ perHCTpaiJ;Im MHOro:MepHHX C06H'l'Hft. 'Cnenp, 38-
perHeTpl!PoBSHHHi B aHaJIH3aTope, uaEeT HcnoJI:&30~T:&est npH cop'l'HpOBKe· 
lUiqo~, 3anHCaHHOi H8 • HMJI. BBe~eHHe B COCTSB CHC'l'eMH SBTOHOMHOro 
aHSJIH38TOpa. H qopMHpoBaHHe MaeCHBa. B 6yipepHOM HaKODHTeJie 3H8tniTeJI:&HO. 
ynpocTwm Tpe6oBaHHSt K SBM, ynpaBJIJDllleisxenepiJM~HTOM,H no3BOJIHJIII nc~ 
llOJI:&30BaT:& B cneKTpo:MeTpax -npaKT~eCKH Jlll6YJ) YHHBepeaJI:&HYD MHKpoSBM 
c He60JI:&Illoi npoH3BO~TeJI:&HocT:&m- TISBM, :rmTeJIJieKTYSJ!:&HHft xoHTpoJIJiep.· 
Kpeft'1'8. B. noCJie,D;HeM ~e BCSI 8nnaP8TYP8 eneKTpOMeTpa pa3Melii89TCSI B 
O,D;HOM Iqlei'l'e KAMAR. '-

CKopOCT:& perHCT~ H3MepsteMHX C06HTHI OrpamitmBa_eTCSI · CKOpOCT:&Il 
381llteH :rmqo~ na Mal'HHTilyD JieHTY. B KOime rJiaBH npHBO,ll;IIITCSI pac~eT
peaJI:&HO ~OeTHZBMOft CKOpOeTH 3aimeH Ha JieH'l'Y H CUOC06 ee noBHmeHHSI 38 
C~eT 38ImCH B O,JOIOM HHqopMaitHOHHOM 6JIOK9 H6eKOJI:&KHX JIOrH~6CKHX 38DHCei. 

~9TB6pT8S1 rJiaBa _nOCBSim6H8 OnHcaHHD 3KenepHM9HT8JI:&HHX YCTSHOBOR, 
KoTopse 6HJIH coa~ c ~acTHeM aBTopa Ha_oeHoBe 8nnapaTYPH, npe~cTaB-
Jieimoft » npe.nH.I(ylltHX rJiaBaX. ·· - ·· .. . , ' 

. B nepBOM. naparpaif>e OimCHBaeTCSI C03.ztaHlnnt npH HaiUeM ~CTHH cneKT
POM6Tp, KOTOpHi H3M9pst9T 3Hepre~eCK09 pacnpe~eJieHHe B3~9HHSI pa,ll;IIIO
HYRJIH,ItOB C nOMOIIlbll nOJIYnpOBO,D;HHKOBHX ~eTeKTopoB. TaKHe cneKTpOM9TpH 
nQJIY'D!JIH .IIIHpoxoe pacnpoeTpaHeHHe _B · sitcnepHMeHTaJI:&HOl!i npaKTHRe • · B • :ax 
coeTaB BXO,ltfl'r MHOrORaHaJI:&Jmft 8HSJIH3STOp, CBSI38HHHI ~epe3 KOHTpOJIJiep 
Rpe!Ta C MHitpoSBM H na6op HHTepPeleoB BH91DBHX. ycTpO!CTB. Em MHitpoSBM 
B Jiadop8TOpHH HarmcaHH npor,PaMMH; ROTopse ynpaBJil!l1r sxenepHMeHTOM, BH
nOJIRSII)T npe~pHTenHYD o6pa6oTKY cneKTpoB, ~am ~e Ha :BaeiiiHHe 
ycTpolcT:Ba, aTaue H8_6oJiee Mounme SBM. CTpyKTYPS eneKTpo:MeTpa no3Bo
JISI9T ~oeT8To~o npoCTo no~T:& R anaJIH3aTopy pa3.1Ili'mHe SBM, He Tpe-

6yst 6oJI:&IIIiiX 38TpaT .TtJDI cocTaBJieHHSt nporpaMMHoro o6ecne~eHHSt. O,ItHH n_ 
TaM cneKTpOMeTpOB, ~eMOHCTplJPOB8BIIlli1tCSI Ha B,IJliX CCCP B !986 ro~, 
6HJI ~OCTOeH M_E!.riaJIH BHCTaBKH. . . 
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Bo BTOpOM naparpaifle OIIHCaH8 COS,ItaHBS$1 C HamHM Y'JSCTlleM YCTaHOf!Ra, 

:KOTOpS$1 IIpe.ItH89H8'16Ha ,ItJIH liSMepe.HHH CIIHpaJJl>HOCTll Hel'l'pmiO. Hsuepe.HHH 

npoBO,ItHJIHCl> Ha pea:KTOpe BBP-CM, C DOMOIIti>Il DOJJYliPOBO.D;IUD«lBOI'O ,JteTe:KTo

pa o61.eMoM IOO c..S. axcnepm~eHT npoBe,JteH B .JtBa sTana: nepmdt - npoBep

Ra ycTaHOB:Kll lJ :KOHTpOJII>HHe liSMepeHlJJI; BTOpOit - DOJiy"'eHlJe cllmll'leCRmt 

pesyXDTSTOB. 38,1ta'la 5KCDepuMeHTa CB0,1tRXSCl> X lJSMepeHHD lJHT6HCRBHOCTll 

raMMB-:KBaHTOB C 5H6pr.Heit 963,4_xaB npH npOTRBODOHOZBHX HSnpaBXeHlJRX 

· Mal'HllTHOrO DOJIJI. B COCTaB CDe:KTpoMeTpa BOIIIJllJ MHKpoS:J:N, MHOrORaHaXDHHit 

aH8JilJ98TOp, IIaMIITl> :KOTOporo COCTOlJT :113 ,JtByx Y'ISCT:KOB DO 4096 RaHaJIOB, 

paspa6oTaaHHI cneitHSXDHo .ztJIH ,Jtaaaoro cnexTpoMeTpa MO.JtYXD KH I03, yn
paBJifiD!td nponeCCOM liSMepeHB.!I, ll pH,1t ,DJ>yrJ!X M~.JtYJieit, Y'lSCTBYJllltltlC B 

KOHTPOJie lJ ynpaBJieHllll SKCDePKMeHTOM. H3Mepae~ S~:KT COCTSBJI&n ,1tB8 

nponeHT8 OT ~Ha, 'ITO DOTpe60BaJIO, aa6opa 60JlDIIIOit CTSTHCTli:Kll. PesynTa

TH lJSM~peHlJ.fl Ha,JtemlO KOHTpOJmpOBaJIHCl> CD6I@SXDHO IIpe.JtYCMOTpeHli!Dm 

cpe,JtcTBaMH. 9.KcnepHMeHT npoB0.1tlfJICR aenpepYBao B Te'leHlJe Tpex uec~eB. 
OKoH'ISTenaan o6pa6oTKa aaxonneHHHX ,1t8HHHX onpe,Jte~ pesynTaT, xoTo

pHI CYDteCTBeHHO OTJIH'IaeTCR OT npOB0,1tHMHX paaee liSMepeHlfl, O,JtHa:KO XO

pomo cor.nacyeTCR c TeopeTlJ'IeclODIH pac'leTaMH. 

B TpeT:DeM . naparpaifle npRBO,ltliiTCR :KpaTHoe OIIHCSHlJe COS,JtaHHOI'O C Ha

mHM Y'ISCTJieM cne:KTpoMeTpa, npe.ItHasaa'leBHoro .ztJIH onpe,JteJieHlJJI cxopocTel 

Mlii'paitHllliOHOB l'OPlfSOHTSXDHHM SOHHHM aJie:KTpocpopesoM B CB06o,ItHHX 8JieKT

poJIHTax. YCTaHOBKa co6paaa H8 6ase MHOI'O:KaHSXDHOI'O 8H8JilJ98TOpa, pe

rKCTPlfPYJlll61'0 ,1taHHHe B peDMe DOCJie,JtOBaTeX&BOI SamtClJ. llpl!HIJ;HII pa6oTH 

YCTSHOBKH COCTOHT B lJSMepeHllll pacnpe,JteJieHlJJI a:KTlJBHOCTlJ B,JtOJil> ~

OHHOit Tpy6:rm 'lepea onpe,JteJieHHHe llpOMexy'l:Kll BpeMeHlJ. &ro OCYDI6CTBJIJieT

OR CRaHlfPOBSHlJeM a:KTliBHOCTll HSJIY'IeHl!IJI c no~o~oJitr,D CJ:tHH'l'l!!JIJIJ!ItHOHHoro ,Jte

Te:KTopa, :KOTOpd nepeMelll8eTCR B,JtOXD Tpy6:rm C DOCTORHHOI CKOpoCT:&Il. Bo 
BpeM.II axcnepoeaTa BCR liH~J?IISitHH ~nn:HBaeTCR B IIaiiJiTJI aHaJilJSaTopa, 

a no oxoa'laHllll - nepe.naeTcR B SBM. .Itrui ,JtOCTDeHWI Tpe6ye~o~ol TO'IHOCTJI 

HaMJII 6uJI paspa60T8H Tepuopery.rur.rop, C DOMOIIIJ>I) :KOTOporo TeMDepaTypa. 

Tpy6:rm cTa6liJllJ9HpoBa.naci> c. TO'IHOCT:&Il ±0, 02°C. B cicaoBe ero pa6oTH Jie

DT 116T0,1t npoDOPitliOBa.l!l>HO-lJHTerpa.lll>Ho-,ltlil~peHJ:tHSXDHOI'O peryJIHPo:sami:Jt, 

ROTOpHI DOSBOJIBJI YC'l'paHlJTl> :KOHe6a.HHH B KOH'eype peryJilfPOBaHHJI. 

B 'leTBePTOM naparpaifle omtCHBaeTCR cos,JtaHHaR npll aameu Y'ISCTllll 

ClJCTeMa.MHOI'OxaaaXDHOI'O .C'IeTHOI'O (yYX&TliC:KeitJiepaoro) 8H8JilJ98TOpa, 

IIpe.ItHasHa'leHHM: ,ItJIH ltCCJie,JtOBaHHJI HSMeaeHllit BO BpeMeHlJ lJHTeHClJBHOCTJI 

lJMDyXDCOB OT rpyJIDH lJCTO'IHlJ:KOB. B 'ISC'l'HOCTJI, OHa liCDOXDSOBaJIBC:& B yc

TaHOB:Ke ,ItJIH DOliCKa co6uTlJI MH<meCTBeHHOI 8MHCClDI Sa,JtepzaHHHY Hel'l'pOHOB 

Ha CliHXpaqasOTPOHe JIBS. Paspa60'l'8HHM: CliC'l'eMa IIpe,JtC'l'SBJIJieT C06ol DO 

CYTlf ,JteJia MHOI'O:KaHSJILHOe C'18'l'HOe YCTpoitCTBO, B :KOTOpoM ~ ~Oro 
C'le'f1nma OTB0,1tliTCR CBOI Y'ISCTOR IIaiiJiTJI HaKOIIHTeM ll HMeDTCR 06DtHe 
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cpe,JtCTBa ,ItJIH Ha6.lm.r(eHlJ.fl lJ JmBO,Jta saper.HC'l'pllpOBaHHHX ,JtaHHHX. B COCTaB 

CliCTeMI:l BOIIIJllJ MO.JtYJIH aB'l'OHOMHOI'O 8H8JilJ98TOpa, peaJmSYJllllie peDM DOC~ 

Jie,JtOBS'l'eJll,aoro CYJdMHPOBaHHJI, lJ cnexiaXDHO paspa6oTaHaHit MO.JtYXD. KY I04, 

~-C'IHTHBSHlJeM ,JtaHHHX C rpynml C'l6'l'tnm(>B •. lJHCJIO C~BT'IHROB 
' . -~ - .. , . ' - . . ~ . ·;._ . . ' 

MOEBT BH6HpaT:&CR.OT I ,1t0 8, o6~eM Y'ISCTKOB, O'l'BO,JtHMHX ,ItJIH K~Ol'O , 

C'leT'IliRa,_ COCTal:ur.a:eT COOTBeTC~BeaBO OT. 4~ ,Jt()_ 5i2 __ xSHaJIOBI .Max~ 
Han 'ISCTOTa BXO.ItHHX l'!MriyncoB __ 80 ~~ . . . , ... 

, .B :KO~e rJiaBH ~eTCH KpaT:KOe OIIHCSHlJe. ·cneRTpOMeTPa TpeXMepHWC . 

aMDJIHTY,1tHo-BpeMeHHHX liSMepeHlJit, COS,JtaHHOrO C HamHM Y'IJ:8CTlJeM. Ta:rme 

CDeKTPOMeTPH npe.ItHasHa'leHH,ItJIH liCCJie,JtOBaliBSI CXeM pacna,Jta pa,JtZOS:KTHB-. 

HHX ~OB~ Ka:K DpaBHJIO, .B HlJX liCitOJil>SYJ)TCR ,1tBa DOJiynpOBO.ItHHKOBHX .. 

,JteTeRTopa, pasMelll8ewa: B O.ItHOM xp:HocTaTe. HsMepaeMEQm napayeTpaMH Ta

Rmt CliCTeM J'I:BJmlOTCR SHepi'Rfl_ pa,ltliiOaKTliBHHX. 'ISCT~, per.HcTpHpyeMWC o6o
m.m ,Jte'l'e:KTOpauH, ll lJHTepBSJ:r BpeMeHlJ MeJr,Ity liX BOSlUIKlH>BeHlleM. B COCTaB 

cneKTPOMeTpOB BOIIIJllJ aaaJioroBHe MO.JtYJIH il!HPM OPTEK lJ ITOJIOH, 6yiflepaWt 

H8KODHTeX&, lJHTeJIJieKTYSXDHHI :KOHTpOJIJiep Kpe!Ta, HMJI, MHorOKaHSXDmtli 

8H8JIH98TOp li PH.1t )ulYr.HX MO.JtYJieit KAMAR. MaKCHMaJI:&HSR CKOpOCTl> perKCTpa

~ B cnexTpoueTpe, KOTOpSR orPaHH'IliBaeTCH 6HcTpo,JtelcTBHeM HMH, coc

TaBJIJieT"IOOO co6HTHIB ceKyH,Jty. Ta:rmec cnei'l'poMeTim HCDOXDSYJ)TCR.B Jiflii 
Olli!H C I983 ro.Jt8', sa 8TO BpeMR B. liX COCTaBe SaMeHHJilJCl>. TJina Lnnq)o3BM, 

cos~ci> pasJIH'lHHe BapHaH'f!l nporpaMMHoro .o6ecne'l:emm~ B neJioM,. 

CTPY:KTYPS. cnexTpoMeTPa o6ecrre'IHJia xopomyn ~KTHBaocTI> per.acTpanHlf 

C06H'l'l:!i, .. :KOMIIBxTHOCTl>: paaMe111em, DOSBOJIWia CYI!IeCTBBHHO CHliSliTl> CTOH

MOCTl> o6op~O~. 
'"t ~-

OCHOBH!lE. PE3YJThTATil ,Ill1:CCEPTAUMI1 

_I •. llpoBe,JteHa . CliCTeMaTHSa~ li ._ ,1taH . aHaJmS CTPY:KTYP, <PjH~I ll pe-

3lJMOB pa6oTH coBpeMeHHHX MHoroxaaaXDHHX aaaJIHSaTopoB·H MHoroMepHHX 

cneKTPOM~TPOB ~epHwc .HSJIY'IeHlJA, a>aiate MeTO,JtOB. liX BSaHMO,JteitCTBWI C 

SBM. 
2. Paspa6oTaaa cTPYxTypa ·J.io.JtYniloro MlioroKallaJil>Horo aaaJillaaTopa. 

B COOTBeTCTBlDI C.STOI CTpyxTypO~ COS,JtaHH 6 TliDOB MO.JtYJieit B CT8H,1t8pTe 

KAMAR •. OHlJ nos.BoJIJmT pasMemaTI> :8 • xpe~Te · Ka.x aBToaoMHHe ycTpolcTBa ,· 

TaR lJ ycTpoltcTBa, pa6oTamtHe coBMeCTHo· c· SBM. _· · . 
3. Paspa6oTaaO.TPH TJina-aBTOHOMHWC MHoroiaaanHHX aaaJiisaTopoB, 

P89JIJil'l8DitHXCH PBDMOM per.KcTpEmo .ztEiruwx ll OO~e~oM naMJITll .ztJIH HaKOD-:

Jie.HHH liHflxJPMal{lm. llpe.JtYCMOTpeao coxpaaeHlle. aaxoJJJieHHHX. ,1t8HBHX npa 
BH:KJII)'IBHlllf· IIHTaHHR. Paspa60TaHHHe 8HaJm98TOpH DO OCHOBHma. napaMeTpau 

ae YCTYJl81l'l' sapy6eJr.HHM aHaJioraM •. 

4. COS,1t8H8_ CliCTeMa MHOI'OMepaoro. aH8JilJ9a H,ItepHHX lJSJIY'IeHlllt C IIpe,Jt

BapliTBJI:&BHM OT6opOM DOJieSHHX co6HTHI aa 6aae paspa60'l'aHHOI'O MO.JtYJIH 
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ItHiPPOBHX oxoH. DT6op co6u'l'lll IIPOH3Bo.tn!Tcfi no o,101ciMY mm· isyu napayeT
paM, JiplJ1;l6M CXCT6Ma MOlleT O,IOIOBpeMeHHO HaitanmmaT:& ,1{0 16 'cneRTpoB. 

5. Paspa6oTalm CTpy!t'fYPa cnenpoMeTpa · moroilepHoro 8H8Jill3a JJ.i:tep
m.oc H3JJY'!6Hd C .pei'JJCTJ>lmlleit BC6X liOCTYJiaDitHX C06JiTd. lJa OCHOBe 
9TOit . CTpyJtTYPH C03,lt8H8 aJIIIapaTYPS HSKOWremm . ,1tJm. TpexMepm aMJ1.1m.mt
Ho-BpeMeHHWC cneKTPOMeTpOB, KOTOpaa_ pa3M611186T_CJ{ B O,IOIOM KpeitTe KAMAK. 

6. IJa OCHOBe OmiCSHHOit B .u;HCC6P'f8Itilll Sliiiapa'fYPH C03,1taH PH.1t YCT8-
HOBOK, B TOM 'DICJie: YCTaHOBKa_ ,ItJIJi HsMepeiDm CmipaJI:&HOCTll. HeitTpxHO, 

yCTaHOBKa ,ItJIJI noRCKa C06HTd MHOlteCTBeHHOit 9MRCCD 3a.D;e:plr8HHHX HeitT
·POHOB, ycTaHOBKa ,ItJIJI H3MepeHRH no~OCTll ROHOB B CB060,ltHHX a~eKTpo
DTSX x .IU>irze. YcTaHOBKR, co3~e H8 ocHoBe pa3pa6oTaHHOit aJIIIapa-

. TYPJi, xcriM:&Sym(:lJI TaKlle B lfHcTll'fYTSX !)13m AH YCCP X AH ECCP, HHC» 
AH Y3CCP, T6mmccxoM lt BopoHeJtCKOM ymmepCltTeTax, B RHcmTY'Tax cTpaH
Y'JSCTmnt OHHH- HPE, l!CCP, KH,IJ;P, CPB. 

Pa6oril~ ony6~0BaHHHe no TeMe ,D;RccepTaitHR: • 

I. Ey.1t3WICKR M., KO't!eToB O.H., Jie6e.IieB H.A., MyMmioB A.H., CaJiaMaTltH 
A.B., CapuHcKR H~. Cy6oTOBil'i·M. 11-yr~oBHe xcippeJIJ!malf B 172Yb. 
..;; B KH.: 32- e COBelll!iime no H,ll;epHol''cneRTpOCKOIIHR R CTpyKType 

· 8TOMHOro H,lJ;pa. KlteB, 1982. "IIayKa", JI., 1982,. Co liB. 
2. AHTilXOB B~A., BlloHr .IT.ao BK, JKypa:B.ireB H.H.; Jle 3oH IlXHp, HryeH 

MaR!> 3aHr, IIeTeB II., CMaMSTRH A.B., ci;o;opoB B.T;, CltHaeB A.H~, 
CTaxHH A.A., 'tfypltH H.H. URcppoBHe 6~om B CTSH,ltaP'fe KAMAR (BHny:cK 
X). - Coo6meHRe Q}!RH, I0-82-844, ,Ify6Ha, 1982. 

3. AHTJJXOB B.A., ~oB E.A., Epy.itamm B.E.~ ~oB u., lKypaB.neB H.H., 
HBaHOB A.li., IIeTeB II., Oc.HneHKo E.II., IloKpoBcmd B.H., Pyxa,D;se 
H.H. ~ CMaMaTRH A.B., CaH.ltYKOBCKd B~r., CJr,JiopoB B.T., CRHaeB A.H., 
CTSXHH A.A., YqeBaTKRH H.<»., IJpRoBcKR H. CneKTpoMeTp 11t -cOBIJ8.1te
Hltli Ha 6a3e ,ltByx Ge ( Li ).:.,lteTeKTopoB. - B RH.: 33-e CO!"eiii8HRe no. · 
H,ll;SpHott Cli6KTpOCKOJIRR R CTPYKTYP6 8TOMHOrO H,lJ;pa. MocKBa, 1983. 
"HaYKa", n.~ I983, c.503. 

4. E;yo,lt:3lmCKl!: M •• Ko'leTOB :0.11:~·. ne6e,lteB H.A •• Mop030B B~A •• MyMmiOB 
A. H., C3.:1aMaTHH A.B., Cy6oTOmi'I M., DmteBR'I D.l'3. CBeprroHIOie 
ld.3l'F.HTHHe noM Ha .fllWBx 172n,' B Pe R Ni .• - B KH.: 33-e COB61118- · 
IDI:3 r:o ~<u;epHI).II: cneKTpocROIIHR R CTPYKType aToMHorocH,lJ;pa. MocKBa, 
1983. · "HaYKa"; JI.·, !983, c.548. 

5. Bacti.1eB .U., !!o6epeHtt B., lKypaMeB H.H., MapliHOB A., MlwaBoB M., 

. CaJT.aM8TliH i.B~, tfaH KltM XyaHr, XaJooril B~A:. CxeMa 8IIII8p8THOI opra

HR38ttmJ X MeTO.ltRKa o6pa60TKH pe3y~T8TOB Jip.HOnpe,lte~eHD CKOpOC.;. 
Telt i.mrpat{!m ROHOB ropBsOHT~HHM ROHHJBnmeKTpo<Pope30M B CB060,lt-
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mot s~eKTpo~ax. - Coo6~HRe OH.HH,_ 6-83-209,. ,Ify6Ha, 1983 • 
. 6. E~ B.E., ~OB U., .JKypaMe:B H.H., HrHaTI>eB. C.B.; Me,ltBe.Iti, ~ 

C.B., lleTeB II., CMaMSTRJiA.B., C~opoB B.T., CltHaeB A.H., 1JypltH 
~ H~II· AllTOMa.Tx38ItHH cneKTpOMeTplJ1;leCKHX XCCJie,ltOMHRit B JJa6opaTOpliR 

H,ll;epHHX. npo~eM OIDIH. - B :EW~: XI Mellr,eyHapo.u;HHii CRMJI03RYM no 
JJ,ll;epHoii a~eKTPOHRKe. EpaTRCJiaBa, )U3-~53, 1983. OH.HH, .JJi6HB, 
. . ' 

1984, c.442. • 
7. Epy,ItaHliH B.E., ~oB u., Jlf;ypaBJieB H.H., HBaHoB B:H.; rr0Itpo:Bcltd 

. B.H., ~e H.H., CMSMaTltH A.B., CaH,1tYKoBcmii B.r., Clutopon _ 
B.T., CnaaeB A.H •. cTiepTpoMeTp ,ItJIJI TpeXMepm.oc ~TY.ltHO-BpeMeHHHX 
H3MepeHRii. :.. Coo6meHRe OHHH, 13-83-747, ,Ify6Ha, 1983. 

8. AHTmoB B.A.,· BacMeB .n;., By 'tfyHr hey, BHoHr JTao Ex, JKypaMeB 

H.H., KpacHo6opO,ltO~ E~C., lieTeB II., CMaMSTltH A.B.~ ClJ,I(opoB B.T., 
cmraeB A.H.. CTaxltH A.A.. 1JypltH H.H. URcppoBJJ.e 6~0KR B CTrui.n;apTe ' 
KAMAK. (BmiycR XI). - Coo6uieHRe OH.HH, IO-B3-900, )Jy6Ha, 1983 •. : 

9. EpY.ltSIDm B.E:, BwioB U., ropOllaHKltH B.M., I'poMOB K.H., Ky~,Il)ltaHOB 
H.K., MapltHOB A., Mmmo~ A., M;vMlJHo:B A.H., IIoKpoBcm B.H., 
·Ca.namTll:H A.B. Hoi3oe X3MepeJn!e cmipa.n:i,Hocm HeitTpltHo X3 6eTa-pac
IJ8.1t8 I52mEu ~ I52 sm • - B KH.: _34- e coBelllaHRe no H,ll;epHoit 

· cnexTpocKomiR x CTPYKTYpe aToMJioro H,ll;PS. AJn&i.:.ATa, 1984. "HaYKa", 
.JI., 1984~· c-.250. · ·· · .. · 

10. Epy,ll;aHRH B. E., Bw.ion U., ropcixaHKRH B.M~-~ I'pOMOB K.H., JlfypaMeB 
H.H., Ky~,It1KSHOB H.K~, Jie6e,lteB H.A., MapltHoB A., Mm!KOM. A~,. 
MyMmioB A.l-t ~ IIoKpoBcltd B.H~, Pw66aeB .P., CaJrar&iTRH 'A.B., 
CltHaeB A~H. 3KcnepHMeHT~HaR ycTaHOBKa ~ X3MepeHRH cJIRpaJI:&Hoc-
TX. HeitTpmiO · R3 .. paciia,1ta . 152mEu · • - Coo6uteHRe OIDIH, PS-84-148, 
,Ify6Ha, 1984. : .. , . . . . ' ' ' 

II. Epy,ltaHltH B.E.; ~oB U., fop01raHIGIJi B.M~, l'poMoB·K~H--~ Ky~oB 
H.K.,. MapltHoB A., Mmu<oBa A., MyMmioB A.H., IIoKponcm B.H;, 
Pallta66aen P., CMSMaTRH A.B. H3MepeHRe cmipaJI:&HocTR ileihpRHo X3 
pacJia,D;a 152mE~ c noMol!II>Il Ge. ( Li)-.lteTeKTopa. ~ Coo6meime OIDIH, 
PG-84-149, ,Ify6aa, 1984. • :· .. · 

12. BacMeB ,II;., By lJyHr XI,ey, Jlfypan.1IEiBH.H.; HrHSTI>eB C~B., c8..naMaTO 
. A.B., ClutopoB B.T.,. CltHaeB A.H., 1JypltH H.H •. URcppoBHe ~om B' CTaH

.ltSi>ore KAMAK (BHJIYCK XII)~. 7 Coo6meHRe OHffif, P10-84-860, ,Ify6H8, 
1984. 

13. BacMeB ,II;., CMaM8TltH A.B. TepMoperyJIJITop ,ItJIJI CRCTeM p83JllllDiOit 
TeWioeMKocTx lt liHepitHoHHocm. - Coo6meHRe OH.HH, P10-85-189, 

,Ify6Ha, 1985 • 

14. ByTtteB B.C., BacMeB .n;., CaJISMaTRH A~B., CMRpHoB B.A., 'l'yM&H.lt3M-
6apM E. , IatJ:aTypSI M.H., XopOJimB P., . lJyJIT&M . .n;. CnenpoMeTp c 
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nOJIYIIPOBO,ItlmKOBHMJII ;o;eTeKTOpaMl!l (IIIUO Ha .mnum c aBM HP-2II6B.
Coo6Dtemte OIDm, P1-85-438, .lly6aa, 1985. 

15. Epy,Itamm B.B.; BwroB U., JirypaBJreB H.H., Ca.JiaMaTKH A.B.", · CK;o;opoB 
B.T., CKHaeB A.H.,JlJypKH H.H. :ineKTpOHHM ammpaTypa ~ aBTOMa
TK3~ JI,I(epio...q&mK'IeCIGJX KCCJie;o;o:eamti\ .B Jia6opaTOplm JJ;D;epJWX 
ripo6JxeM OHHH. - B roi.: ABTOMaTK3~ KCCJie~o:samrtt B JJ;D;epaoi qm:a:
Ke K CMeJltHHX 06JxaCT.RX. MaTep:a:aJJH ill BC8COJ03HOrO CSMI!Hapa, T6KJIKCK, 
1984, H3;o;-Bo TI'Y, 1984, c.13. 

1 

16. reoprneB A., leypaBJieB H. H., He;o;eJll!eB H., CaJraMaTKH A.B., CKHaeB 
A.H. ABTOHOMHHi\ MHOrOKaHaJI])Jmit aHSJIK3aTop B CTaH;o;apTe KAMA!{ C 
BOSMOJ!tHOCT::&D ynpaBJieium OT SBM mna ":3.neKTPOmtKa-60". :.- B KH.: 
xrr M~po;o;KHa cKMnosKYM no JJ;D;epaoi s~eKTpoHKKe, .lly6Ha, 
.1U3-85-'793, 1985. OIDm; ,Icy"6aa, 1985, c.218. 

1'7. Epy;o;amm B.E., BacueB ,U., BwroB U., JirypaBJreB H.H., CMSMS~KH A.B., 
CK;o;opoB B. T., CKHaeB A.H., lJypKH .H.H. 3~eKTpOHHSJ1 ammpaTYPa ~ 
KCC~e,n;OBaHKi CTPY!<TypH STOMHOro JJ,Iij)a~ - B KH.: XII MeJr,n;YHapo;o;-· 
HIDt cKMnos:eyM no JJ;D;epaott s~eKTpoHKKe, ,Uy6aa, ,IIl3-85-'793, 1985. 
OHHH, .lly6aa, 1985, c.'7I. 

18. AHmxoB B.A., BacueB .n., Ji{ypaBJreB H.H., Kpacao6opo;o;oB E. C., 
OnMeK T., CaJraMaTKH A.B., CJciopoB B. T., CKaaeB A.H., CTaxKH A.A., 
XaH TxeK CyK, lJypKH H.H. UK<l>poBHe 6~oKK B CTaH;o;aPTe KAMAK. (BH-
nyck XIII) - Coo6DteHKe OIDm, PI~5-922, .lly6aa, 1985. · .. . 
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