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06beRHHettttoro HHCTHTYTa stnepttblX HtcneµoaattH0-

ffaY4HNfl KOHCYJlbTaHT 

llOKTOP llll13HKO-MflT0MflTH48CKHX ttaYK, 

n,poqieccop· 

· HflYllHblfl PYKOBPllHT0Jlb 

Kattnttnar T0XHH40CKHX HayK 

CT8PWH0 }fflY'{Hblfl COTPYllHHK 

Ollll1Ul1aJlt>Hble, onnottettTbl i. 

llOKTOp T0XH11ll0CKHX HaYK, 

npollJeccop, 

KflttllHilflT T8XHH4eCKHX HaYK 

CTflPWt!0 HaY~Hbl0 COTPYilHHK 

AKHMOB IO,K, 

MeP:3JlSIKOB C, ff, 
: 

llHTOBH',J A. n. 

THWHH B,f. 

Begywasi opraHH3aUHst: HHCTHTYT. lllH3HKH BblCOKHX 3H8PrH0 

ICepnYXoBI. 

3awnTa cocTonTci "--"----- 1991 r, a " "qacoa tta 
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· OBIIIMI XAPAKTEPHCTI1KA. PABOTbt · 

AKTYaJlbHOCTb T8Mbl. Ilnst COBP8M8HHOil'3KCOePHMeHTaJlbH00 S!Il8PH00 

(l)H3HKH peweHHe WHPOKoro ·. KPYra .3anaq CBSl3aHO 'c C03llaHHeM KOMnrrei<c-: 

HblX lllH3H'leCKHX; YCTaHOBOK, OCHaII!eHHblX CHCT.eMaMH'' MHOrOM8PHOro ; aMnrrtt.:.' 

TYilHOro H apeMeHHoro· aHaJIH3a. IlPH 3TOM B03MO:l:HOCTH HCOOJib3Y8MblX 

neTeKTOPOB peaJIH3YIOTCSI B 3aBHCl1MOCTH OT xapaKT8PHCTHK OPHM8HSleMblX' 

3Jl8KTPOHHbiX M0llYJle0 H YCTPOflCTB. THnH4HblMH, • He YTPa4HBalOII!HMH CBOIO ·. . 

aKTYaJibHOCTb 3anaqaM11 SIBJlSIIOTCSI OOBbJWeHi-!e T04HOCTH; 6bICTPOneflCTBl1SI', 

11, · MHOroKaHaJlbHOCTH 3Jl8KTPOHHOfl annap~TYPb). > 3Ta . 
0

0P06JieMaT11ka 

paccMaTPHBaeTCSI H B HaCTOSIW8fl n11ccepTaUHH. 

lle'Jlb- .pa6oT COCTOS!Jla B noBbllil8HHH .. fiblCTPOll8flCTBHSI, 'T04HOCTH ,H 
I '.., ~.,. " 

MHoroKaHaJibHOCTH P83JIH4Hbl::' cneKTPOM8TPl148CKl1X YCTP00CTB. llJISI 8MOJlH-

TYilHblX H BP8M8HHblX H3M8P8HHfl C OOJIYOPOBOllHHKOBblMH llllllll '. CUHHTHJI~­

JISIUHOHHbIMH l1 Ta30Bb!Ml1 neTeKTOPaMH, 

UHH, 

TaHa 

HaY4HaSI l HOBH3H8 H OCHOBHble norro:teHHSI, -3aII!HhlfleMbl8 B iU1ccepT'a-

38KJll04aIDTCSI B CJI8llYIOII!8M: 

1. npenrro:teH PSIIl cxeMHblX pelI!eHHfl, . Ha OCHOBe' KOTOPblX: pa3pa60-
. . . 

JIHHef!Ka MOllYITefl llITSI OOCTP08HHSI norrynpoBOllHHKOBO~O 

. 0 -cneKTPOMeTpa, . PflCC4HT8HHOro Ha fl0Bb1IIl8HHble 3ar PY3KH 

(npenYCl1JlHT8ITb; cneKTPOMeTPH4eCKH0 . YCHITHTeJlb, · cerreKTOP .·. BP8M8HHblX 

HHTepaarroB,. CHHXPOHH3aTOP 380HCH B '6y(l)ePHYIO :naMSITb; llHlll(l)epettuHarrb­

Hblfl llHCKPHMHHaTOP, (l)OPMHPOB8T8Jlb CO criellSlblHM noporoMI '. 

2. pa3pa60TaHa annapaTYPa JlITSI npeUl13l10HHOfl KarrH6bOBKH WHPOKO:.:. 

pewettttn Ha6op 

nttana30HHblX H8HOCeKYHllHblX BP8M8HHblX cneKTPOM8TPOB. 

3. · pa3pa6on1H C OPHMeHeHHeM PSllla HOBblX cxeMHblX 

MonyrreA H YCTPOACTB llJlSI · nocTpoeHHSI MHoronaT4HKOBblX · H MHOrOM8PHblX 
,j . , . .. . . . 
i'J . CHCTe_M: . 4eTbI~exKattarrbHble 6blCTPblA YCHITHTeJl_b ". ITHHeAHblfl YCHJlHTerrb-

. !i HHB8PTOP, KOMOaKTHblfl nr:ienycHJlHT8Jlb, KOJlbUeBaSI 6YCllePH8SI naMSITb, 8 
t;1- ,- , ,. . . .,,, : . •. , . - . ,. - ' . ,. .: 
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, TaK:te 3Jl8KTPOHHKa llBYXKOOPllMH8THblX OPOBOJl04HblX' KaMep, pa60T8IOII!HX a· 

r·enrepoiicKoM pe:tHMe .' 

·:. ·4 :· 'pa3pa6ornttbi · HOBb1e aapHaHrbl· ·3rreKTPOHHOA anriapaTypi;1· nnS1 

llHflrHOCTHKH "pacTSl:l:KH" H HHT8HCHBHOCTH OY4KOB YCKOPHT8J1SI •· .. 

IlpaK'i1-1qec'irnS1 ueHHOCTb pa60T", COCTaBHBh!HX llHCcepTaUHIO, COCTOHT 

B'TOM, 4Tti:' . 

' '. 1. MOJ]YJlH, ''pa3pa60T8HHble 'llflSI cneKTPOMeTPHB C min~. HaldITH npH­

MetteHHe 13:· a>H3"HtteCKHX 3KC00PHMeiri-ax; B qacTHOCTH ,' B . HCCrrenoaaHHH Ha 
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llla30TPOHe_ mm OH.HW MoHononbHbro B036Y:r.nemrn sinoa no11 oacnane cBsi-

3aHHoro MIOOHa. 

: 2:., annapaTypa; .pa3pa60TaHHaS1 · -imsi Kon11~~c:i:B~HHoro amurn3a_ xa­

paKTePHCT0K· nY"IKOB YCKOPHTene111. · Hcnonb3YeTCSI · Ha (!)a30TPOHe muf· 

0ccnenoBaH0SI B3a0Mone111CTBH111 nPOTOHOB. nPOMe:tYTO"I_HbJX· 3Heprml C si::i,pa­

M0 0 no0cKaaHOMan0111B npoueccax po:r.neHHSI n110HoB~:• 

3. : 6onbhl0HCTBO 03_· npencTaBJieHblX B n11ccepTau1111 . 3neKTPOHHblX 

Monynelil -o6ecnetieHO Heo6xon0MOl1! llOKYMeHTau1-1e111· W BbinYCKaeTCSI _: Om,JTHblM 

nP003BOJICTBOM OH.HH>: > 
. OcHOBHble pa60Tbl n0ccepTau00noKnamrnarr0cb· 0, 06cy:r.na.111-1cb Ha 

XIV Me:tJIYHaPOJIHOM C0Mn030YMe . no:. sinePHOlil . 3JieKTPOHHKe .. (Bapwaaa. 

ceHTSl6Pb .1990 r;) w ceM0Hapax Jl.HTI OH.Hl1 0 ony6nHKOBaHbl B pa60TaX 

[l-;-lO]. 3T0 pe3YJibTaTbl nonyqeHbl aBTOPOM B nep11on C . 1985 no. :1990 

rr. 

ll0ccepTaUHSI COCTOHT 03 BBene1msi, Toex .rrraB, 03aKJI!O"leHHS! •. 0Ha_ 

-coneo:mT 97 CTPaH0U MahlHHOn0cHoro TeKCTa, 4 Ta6JIHUbl 11 33 PHCYHKa. 
• > - •• _, •,>c,••• • ' • 

Cn0coK JI0TepaTYPbl HaC"l0TbJBaeT 190 Ha0MeHOBaHH111.: 

COllEPIAHI1E. IlMCCEPTAIH1M 

.. Bo BB8JleH00 o6oc_HOBaHa aKTY8JibHOCTb TeMbl. _C(l)OPMYJIHPOBaHa uenb' 

pa60Tbl,. : OTMe"leHb)· HOB03Ha. 0 3Ha"leHHe· nonyqeHHbJX.· .· pe3ynbTfiTOB ,: 

H3no:r.eHbl OCHOBHbJe :, nono:r.eH0SI, KOTOPble ·, BblHOC51_TCSI : Ha 381IlHTY, H · 

nP0BoJI0TcS1_KPaTKoe'conep:1:att0e·n0cceprnu00 no rnaBaM. 

B nePBOlil rnaBe.onHCbJBaeTC51 P51Jl_,3JieKTPOHHblX 6JIOKOB, COCTBB-:-, 

JIS!IOIIlHX OCHOBHYIO qacTb cneKTPOMeTo_a nnsi npeU03HOHHblX aMnnHTYJlHbJX 0 

BPeMeHHblX M3MepeH0111 · C IlTill. K HJ.IM OTHOCSITC51 6bJCTPbl0 - npeJIYCHm1TeJib 

IT 223[
11

• cneKTPOMeTPM"leCKHlil YCHJIHTeJib. KA 234A[11 • ceneKTOP 

BPe~eHHblX _ MHTePBaJIOB KJI 230 [l] , nmll~epeHUHaJibHbllil ... Jl0CKPMMHHBTOP -

KA 255 t2 ~, ., (!)OPMHPOBaTeJib, co cnensiwMM no~~,roM KA 240 £21 0 

c0HXPOHH3aTOP 3anncn B - 6;<llePHYto na~~Tb KJI 228 · [ll Co3naHH_asi 

3JieKTPO~HKa _ fl03BOJISleT; flP9BOll0Tb M3MepeHMSI _nP,H flOBbJhleHHblX 3aror3KaX · 

- no _10 MMn.[c.~0 

Ilp0 pa3pa60TKe .MCJnYne~ nrr.R a~~f~TY~H~'.x,-M3Mepett01Lc :mm -~,rnan­

nacb 3anaqa o6ecneqeHMSI nocTaTo"IHO xopowero :pa3pewettnsi no. 3Heorwn 

npn 60Jibhl0X 3arPY3K8X.3Ta 3anaqa pewarracb crreny10wnM0,cnoco6aMM: 
• .. • 0 ,• • ; • - • • MS ' •· • •. S ' ~ • 

_ .,J.J moMMeHeHMeM :Ha .B"~one,,noenycwnwrnrrsi .H0Bor_o1 norreaoro TPBJ:I'::-•• -

\ 
2 

3HCTOPa KTI 341A IKPYT03Ha !':! 27 MA/B, TOK 3aTBOPa ·!':! 1.HA,BXOJIH8SI 

eMKOCTb !::!- 4 n~ 0 ,TOK CTOKa , !';! 15 MA) ; , 

2) 11cnOIIb30B8HHeM Ha Bb!Xone 3ap51no"IYl3CTBflT~1IbH0111 ceKUHH npe-' 

llYCHIIHTeJISI TPaH3HCTOPOB C. BblCOKHM. MaKCHM8IIbHO nonycT0MbJM Hanpsi,:e­

HHeM, "ITO·n03BOJIJ,1JIO llOCT0rHYTb ll0HflMJ,lt:[8CKOro nHana3oHa ! 15-B; 

---· 31 nPHMeHeHHeM -ynpaBn.ReMoro onepau00HHoro YCHIIHTensi ""Hanosi-

:i:ett0e-TOK 11 n.rrn nocTpoeHHSI BPeMS1-Ba_PH8HTHOrO BOCCT8HOB0TeJI51 HYJie-

BOlil JIJ,IH0J,1 B~XOUHOA ceKUHH cneKTPOMeTPH"l8CKOrO YCHJIHTensi. 

--- ; 4) no1-1MeHeHHeM :MeTona .. pe:teKU0J,1 Harro:teHHblX MMnYJibCOB • 

I 3aPSlllO"IYBCTBHTeJibHbl0 noenYCHnHTeJib Il- 223 no3BOJISleT ' noJIY"l8Tb 

OllHOBPeMeHHO:aMnnMTYllHYIO (El J,I BP8M8HHYIO· IT) J,IH(!)OPMaUMIO, BpeMeHHOA 
/ . . -
Kattan He BHOCJ,IT nonOIIHMTeIIbHblX IIIYMOB B aMnJIMTYllHblFl KaHaII. Co6cT-: 

I BeHHoe pa3peJI1eHHe·noenycHrr0Terr51 .He xy:.:e 0,85 K3B c H8KIIOHOM• 20 

3B/n~ np0 nocTOSIHHOlil <llOPMHPOBaH0S1 cneKTPOMeTpJ.tqecKoro YCHJIMTerisi 

....:-j 

j, 

i 

.! 
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KA 234A - 2 MKC. BpeMSI HapacTaHMSI CJ,1fH8IIa Ha BblXOJie E 

> npenyc1mHTen51 He 6orree 20 HC. c_ H8KJIOHOM _ 0, 5 HC /n~. K03<ll<ll0UMeHT 

· YC0IIeHHSI . 38PSIJlO"IYBCTBHTenbH0111 ceKUMM C P830MKHYT0111 >o6P8THO!'l 

CB513bl0 He Mettee 2*104 ; -Ko3(l)(!JJ,1Ul-1eHT YCMJieHMSI BPeMeHHOfO KaHana T 

npeJlYCMnHTensi - 10, BPeMSI HapaCT8HMSI - 3 HC. 

B Ka"leCTBe OCHOBHoro ·yc0IIMTeJIS1 . (pa3pa60TaH --non PYKOBOllCTBOM 

A: H. KaIIHHHHa l · npenno:teH yc0B epJI1eHCTBOBaHHblFl: Bapwa~T c~neKTPOMeTPM..: · 

qecKoro yc11nHT8IISI KA 234. OcHOBHOe . OTnH"IHe KA ?34A OT nPOTOT0na 
> •,, , " < ,, • • • C 

COCT00T B ·_ TOM, t:[TO BO _ BPeM51-B8Pl18HTHOM BOCCTaHOBHTeIIe HYJieBOA · 

IIHHHH Bb1xonttoro KacKana np0MeHeH ·· He onepauHoHHbl111 YCHhHTeIIb Hanosi­

:r.eHHSI; a ynpa~JlSleMblA onepaIJHOHHbllil YC11JIHTenb "Hanpsi:r.eH~e-TOK" • 

YnPOl!leHHaSI nPHHUHnHaIIbH8SI c~eMa 3TOro Y31Ia nPHBene~~ Ha PHC. 1. C 

n·oMOl!lbto onepau00HHoro yc0nHTe11si· -· "Hanp~:r.eHHe~;oK_'; ocywecTBnsieTcsi 

OTPHU8T81IbH8SI o6paTH851 CBSl3b C Bb!Xona nocnenHero KflCKana YCHJIHTeJISI 

Ha - ero H8HHB8PT.11PYIOIIIH111 Bxon. • nirn • fl051B!l~Hl1H C0rH8JI8 YCHJIHT8Jlb 

"Hanp51:teH11e-TOK" 38KPbJBaeTCSI rrorH"leCK0M CHrH81IOM · "MePTBOe BP8M51
11 

H HYJieBaSI 1IHJiHS1 nonneP:tHBaeTcSI ~; ;e"l~HHe: Bcero HMnYrrbca KOHJleHca-

TOPOM C3. TaK0M o6pa30M cTa611JIM3MPYeTC51 Bl>IXOJlHOlil - no-rettui-1arr ycimH- · 

T81151 B. HHT8PBanax Me:tnY pa60tIHMH MMnYJibCflMJ,I ." B 'pe3YJibTaTe MonepHH-

3au1111 3arpy3oqHaS1 cnoco6HOCTb YCHflHTensi ~03pocna no 10
5 

HMn. /c 6e3· 

CYl!l8CTB8HHOro YXYhl8HH.SI pa3peweHHSI. C Ge (Li) neTeKTOPOM 06'beMOM 55 

cM3 _ nonttasi hlMPMHa - Ha nonYBb1co-re nHKa ·oT ,
6

~co cocTaB11rra 2;9 K3B. 

CTaHJlflPT 11cnonHeH11S1 6rroKa KA 234A-'- ·KAMAK hlHPHHOlil 2M. 

3;, 



· Ilononmne.ilbttoe .ynyqwemm papewaioblefl cnoco6HocTn J-cne1<Tnow~Toa 

np11 6onbllll1X 3arPY3KaX nocniraeTC.H C noMO!JlblO ceneKTOPa BPeMeHHhlX 

11HTePBanoB :. KJl: 2 30, · OPl1M0H.HeMoro · •llfl.H . HCKJIIOtJeHJ1.H CJ!YtJaeB C HflJIO:f.eH­

HblMH C11r"HaJiaMH. · KPOMe·, Toro, · Kfl 230. MO:t:eT- 6b!Tb HCOOJib30BaH. B .· CHC­

TeMax ' MHdroMePHOr<F attaJIH3a llII.H · OT6opa · OllHHOlJH!>IX C06blTHJ1 BHYTPH-

3anaHHOI'O. BPeMeHHOro · HHTepBaJia; HanPHMep, .. OPH npoBeneHHH · H3MeoeHHO 

Me30PeHTreHOBCKHX ... cne_KTPOB ; • · B · .· Monyne pa3Me1IIeHbl · nBa · He3aBHCHMblX 

ceneKTopa. CTaHnaPT 11cnrinHeHH.H ·- KAMAK · blJ,fPHHOH 2M. -

CHHXPOHH3aTOP. 3aOJ,fCJ,f' B 6YC!l0PHYIO -naM.HTb >Kfl 228 nnenHa3HatJeH 

llII.H opraHH3aUHH' 3anHCH '.J1H(!)OPMaUHH · B 6y(!)epm1e naM.HTJ,f .' mm KOPP0JIH­

POBaHHblX UHCllPOBb1x· CIIOB c- aMnIIHTYllHO-: H BPeM51-U11C!lPOBblX npeo6pa30Ba­

Tene0 · IAUIT · J,f BIIITI · · B .. cHcTeMax · MHoroMepHoro . aHamna. Monvnh 

OCY!JleCTBJI51eT nooBePJ<Y Ha:, COBnaneHHe OOCTYOfllO!IIJ,fX; OT AIIIT H · BIIIT 
CHrHaJIOB 
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PHC.. 1.- .CxeMa BOCCTaHOBHTeJI51 :HYJieBOJ1· JJHHHH Ha OCHOBe 

: ; ~-; 

-.. 

· onepauno:1-rnoro:;YCHIIHTen51_:, "HaOP.H:t:eHHe.,ToKn·~-; , •., : :-, .. ,. 

4 

. 
"Bbl30B" B. TetJeH11e 3anaHHoro BPeMeHHOro HHTePB!lJ!fl "T". ECIIH HM0IOTC51 

coananemrn. TO CllOPMHPYIOTC51 CHrHaJibl "3anHCb II llil51 EIT. CHrHailbJ, "Kon 

. OPHH51T" llil51 noeo6pa3oBaTeJie0 no'51Bil51IOTC51 mrn noH OTCYTCTBIH! COBna­

neHH0 CHrHaJIOB "BW30B", HIIH npn OllHOBPeMeHHOM HflIIHlJHH CHI'HflJIOR 

"OTBeT", noCTYnHBltlHX C EIT. CHrHaJI L (!)OPMHDYeTC51 MOllYil0M H.'IH noH 

- OTCYTCTBHH coananeHHJ1 CHrHaJIOB "OTBeT", HIIH qepe3 256 HecoananeHJ,fJ1 , i , 

ij\ CHrHaJIOB "Bhl30B". K np116opy MO:t:HO nOUKJIIOlJHTb napa.rrneJibHO no BOCbMH 

ll1 noeo6pa3oaaTenen H · BOCbMH EIT. · Bb16op HOMeooa BxonoB H Bh1xonoB ,, ,,_ 
OCYIIleCTBJI51eTC5l KilflBHWHblMH nepeKJIIOtJaTeJJ51MH. CTaHnaoT. HCnOJIHeHlrn -· 

KAMAK WHPHHOA 2M. 

IlaJJee B 3TOA rJJaBe onHCWB8IOTC51 nnmmepeHUJ,faJibHWfl'n~cKPHMHHflTOP 

llJl51 MHKPOCeKYHnHblX H HaHoceKYHnHblX CHrHaJIOB KA 255 H (!)OPMHPOBaTeJib 

co cnen.HIIIHM noporoM llil51 noJJYOPOBOnHHKOBblX neTeKTOPOB KA 240. OHH 

BbJnOJIHeHhl B CTaHnapTe KA MAK- WHPHHOA 2M. IlHCKPIIMHHflTOP 06.rianaeT 

TeMnepaTYPHOJ1 pecTa6HJibHOCTblO'nOPOra 10-
4

/ 
0c. n11ana30H H3M0H0HH51 

YPOBHeA noporoB --·OT 10 MB no 5 B. non51PHOCTb axonHWX CHrHaJIOB -

n106a51; · 

IPOPMHPOBaTenh KA 240 noenHa3HatJeH nn51 pa60Tbl. BO BPeMeHHOM 

J<aHaJie J-cneKTDOMeTPOB ~ Ha 6a3e ITIIII.. Ilpn6op BhmonHeH Ha OCHORe 

nonxona •. "fast-fast coincidence", TO eCTb HMeeT B •. CBOeM cocTaBe 

l<POMe C!JOPMHPOBaTeJJ51 co CJJen.HIIIHM noporoM aMnflHTYnHblR · n11mmeoeH1rnanb­

HblR nHCKPHMHHaTOP H pe:r.eKTOP CHr.HaJIOB C 38T51HYTblM. C!JDOHTOM. ITocnen­

HHe ·o6ycnoBneHW HflflHtJHeM Koaeawx 3CIJC!JeKTOB B KOBKCHflilbHWX rePMHHHe~_ 

BblX neTeKTOPBX· H CYIIleCTB0HHO YXYllltlfllOT aMnnHTYnHoe · H . BDf>Mf>HHOe 

pa3pewem1e cneKTPOM0TPOB. ITPH6op HMeeT TPH' MO/lb! pa60Thl. a m1eHHO: 

BP0M0HH851 OPHB513!<a K · MOMeHTY nepecetJeHH51 BxonHblM CHrHanoM nocT051H­

HOro OOPOfB. (LE -: Leading Edge) ; OPHB513K8 K OOCTO,Sjl!HOA lJflCTl1 

aMnnHTYnb1 · (CF- . ;- · Constant Fraction) ; - Mona CF, nononHeHHa51 · 

pe:r.e1<u11en CHrHanoB C 3flT51HYTblM _CllPOHTOM (SRT - Slow Rise Time 

Reject l •· B ·n11ana3oHe· aMnIIHTYn OT 40 MB no 4· B noroewHocTh 

BPeMeHHOA nPHB513KH K- BXOnHblM HMnYilbCaM C CllPOHT_aMH 2 HC, 6 HC H 100 

HC COCTflBJI51eT. COOTBeTCTBeHHO :!: 0, 1 HC, :!;O, 4 HC H :!;2 HC: 0CT8JlbHble> 

napaMeTPbl . CllOPMHPOBaTeJI51 aHanorHtJHbl COOTBeTCTBYIOWHM . napaMeTP!lM 

onHC!lHHOro Bb!We 6noKa KA 2~5. 

CHCTeMa llfl51 noeUH3HOHHOAllBYXM0PHOH,J-cneKTPOMeTPHH COTOHT H3 

nayx O}lllHflKOBblX KflHflflOB, Ka:r.nbm 113 KOTOPblX BKillOtJaeT. B celiH nneny­

CHilHTeJib IT 223, 6b!CTPblA YCHilHTenb KA 213, CllOPMHPORaTeJJb ri.rrn 
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BPeMeHHOfl nPI1B513K11 , ql, 214 .• cneKTPOMeTp11qecK11n YCl1Jl11TeJib KA· 234A, 

ceneKTOP BPeMeHHblX 11HTepBaJIOB (CBHJ KJI 230, aMnm'1TYllHO-UJ1(DPOBOA 

noeo6pa30BaTenb KA 20_6 IAIUII • ·. 6y(!)ePHYto: naMHTb KII 201. !lnH ooram1-

3au1111 pa60Tbl KflHflJIOB · B · pe:u!Me COBnaneHl1fl BBeneHbl' neoeKpecTHble 

CB51311 Me:t:nY CBH 11 AUD 66011x. KaHaJIOB~ a TaK:t:e YCTflHOBJieH: C11HXPOHH-

3flTOP 3an11c11 B 6ymePHble naM51Tl1 KII 228. 

BTOPaH rnaBa nocBHWeHa on11caHl1!0 3JieKTPOH11Kl1 nnH lll1flrHOCTl1KH 

MOHOXPOMflT11tiecKoro OPOTOHHOro OYtIKa' (!)fl30TPOHa. npm,1eHH!OldeflCH ', Ha 

YCTaHOBKe • mmH. , B. COCTaB 3JieKTPOHHKl1 BXOllHT: reHePaTOP TOtIHhlX 

. BPeMeHHblX 11HTepBaJIOB KJI 244 [ 3 ], 06ecneq11Ba!01I1HA Kantt6POBKV :BPe!-rn-

. nooneTHOA CHCTeMbl. IBDCI C TOtIHOCTb!O )10 HecKOJlbKHX , m1Koce1<YH!l B . 
. I . 

IIIHPOKOM BPeMeHHOM n11ana30He; noeo6Pfl30BaTeJib• 11 TOK-tiflCTOT811 HHTeH:-

' Cl1MeTpa: nyqKa YCKOPl1TeJI51; BpeMeHHOA ceneKTOP KJI 226 [
4

] , ttcnonb-:_ 

3YeMblA )1Jl51 : KOHTPOJI51 , CTa611JibHOCTl1 · 11 KatieCTBfl , "PflCT51:t:KH !' OYtIKfl; 

CDB,OeHHblA IIll1POKO)ll1ana30HHblA -ODHOBH6paTOP KJI 227 [ 5 ]. 

rettepaTOP TO\lHblX' BPeMeHHblX 11HTepBanoB KJI 244 noenm!.3HatieH )1Jl51 

Kan116poBKl1 11 KOHTPOJI~ cta611nbHOCTH BPeMH-aMOJIHTYllHblX 11 

BPeM51-:-U11CllPOBblX · npeo6pa30BaTeneA, . a TaK:t:e• BhinonHeHHblX Ha•·HX : OCHOBe 

Cl1CTeM BPeMeHHOA ,•cneKTPOMeTPl1H · n11KoceKYHJIHOro, nmrna30Ha. Monynb 
' . 

C!JOPMl1PYeT nocnenoBaTenbttocTb cttrHanoB- "CTaPT" 11 "CTon", war 113Me-' 

HeHl151 ' BPeMeHHoro•,; 11HTePBana• Me:t:nY · KOTOPblMl1 ,ycTaHaBJil1BaeTC51 . ,· C 

TO\lHOCTb!O 2 nc. llHCJIO waroB - 127 .•. HecTa611JibHOCTl>',,3flDfl!Ol!le~o reHe­

paTOPa 10-5 en./ 0c. DapaMeTPbl np116opa .. YCTaHaBJil1Bfl!OTC51 qepe3 

Mar11CTP8Jlb KPeATa. CTaHDa~T 11COOJIHeHHW - KAMAK IIll1Pl1HOfl lM. 

·, Dp116op 11cnoJib3YeTC51 · B COCTaBe BOC C 6a30A 15 M. Co6CTBeHHOe 
' ' . 

pa3pe1IIeHHe BOC COCTflBJI51eT 180. nc DJIS! OPOTOHOB C 3HeprneA 100 M3B. 

CHrHaJibJ OT -reHeoaTOPa 3anycKa!OT CBeTOill10Ilbl, pacncino:t:eHHble Ha 06011x 

ctieTtI11Kax •. TeM caMhJM 06ecneq11BaeTCH nooBePKa CTa611n1>HocT11 BPeMeH-' 

HOA l!IKflJibl BCero cneKTPOMeTpHqe·cKOfO TPaKTfl. Jdar l13MeHeHl151 . BDeMeH...:. 

Horo 11HTepBana Me:t:nY c11rHanaM11 "CTaPT" ·w "CTon" oT ·reHeoaTooa c 
BblCOKOA TO\lHOCTb!O_OnpenenHeTC51 C noMOIIlb!O qacTOTOMepa ll3-34. DPHMe­

HeHHe · B cocTaBe BOC reHepaTopa TOtIHblX BPeMeHHblX · HHTepi3anoB 3Hatil1-

( 

t1 ,. 
-~ 

t -· 
T0JlbHO CO_KPflTHIIO . BP0M51,. H006XOilHMOe nnH OPOBeneHHH TPYnoeMK11X ;1·,-
Kan116poBO\lHblX ·· H3MepettHfl. I 1. 

HHTeHCl1MeTp nYtIKa OOCTP00H Ha OCH0B0 KP0MHl1eBoro oxna:t:naeMoro' tl 
00B0PXHOCTH0-6aPb0PHOro neTeKTopa. l1HilYUHPOBflHHblA OYtIKOM 3aP51:t:0H- (. 

- . • t 

HblX tiaCTl1U TOK ne-reKTOPa OOCTYnaeT Ha npeo6pa30BaTeJib TOK-tI8CTOTa. 

'· 
6 

., 
t 
l 
I 
t 

BblXOD KOTOporo '. nonKnioqaeTCH '·K ,tJaCTOTOMepy. '.· ·BxonHIIleMY' B tocTaB 

CHCTeMbl CbeMa · l1HC!l
0

0PMflUl1l:1., YCTflHOBKH.,: DPl1M0HeHH0 naHHOro np116opa 

003BOJIHJIO YM0Hb!Ill1Tb norpel!JHOCTb.· H3MepeHl151 11HTeHCl1BHOCTl1 . C 10% no 

. 1% B n11ana3oHe ~T 106 no 108, qacT .le;,, 

BoeMeHHOA ceneKTOP KII 226 noenHa3HatieH nnH • 11ccnenoBaHHA ·· 'Boe-_ 

M0Httoro pacnoeneneHHH : C06b1Tl1A, 11H11UHHPYeMblX · HeKOTOPbJM' n•epaoHatia)!b­

HblM C06bl_THeM. ·Ott BblOOJIHeH Ha OCHOBe MeTona BPeMeHHOA ceneKUHH, ,TO 

eCTb perHCTPflUHH_CTflTHCTl1'leCKl1'PflCnpeneneHHblX· ·C06blTl1A B TetJett11e 

3flilflHHblX BPeMeHHblX · 11HTePBflJIOB., DPHHUHn pa60Tbl , MOilYJI51 . ' (CM, . p11c·. 2) 

J:. t·,t,;",' 

--~· ''r11·,.• 
~~ _ RG ; · & 10 · 
FWS1 . R1+ R1l 
ZS2 · 

[Ft!'.l•ZJS2 . QH01l 

P11c.2~ 6noK-CX0Ma BpeMeHHOro ceneKTOPa KJI 226'. 

COCTOHT'B,ctieTe q11cna HMOYJibCOB Ha ero BXone · "F" 36 BPeMeHHOfl 

HHT0PBan, · 3anaBaeMblA r,ettePflTOPOM, . C · nocnenYIOIIll1M CYMMl1POBaH11eM 

conep:.:aeMblX ct1eTt111Ka -H · 6y(!)epHoro · perttcTPa. · Dptt6op BhmonHeH ·B cTaH­

naPTe KAMAK IIIHPHHOA lM H ynpa1HiS1eTC51 qepe3 't-iarH_CTPflJib KpeATa. DPH 

3TOM tI11CJIO•KaHaJIOB H'3M0H5leTC51 B'nponenax OT 8 no 1024, lill1Pl1Ha 
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\· 
l 

KaHana - OT·l no 128 (MKC) H l!Hcno UHKflOB H3MePeHH5l - OT 1 no 128. 

Cl!HTblBaHHe HH(!)OPMaUHH H3 MOnYnS! B MarHCTPanb ocywecTBnSleTCSl B 

pe:tHMe ULS. 3anaiowm:1 reHepaTOP CTa6HflH3HPOBaH KiiapueM, l!TO 003B O­

nHno ynoBneTBOPHTb TPe6oBaHH5lM TeMnepaTYPHOA H norrrOBPeMeHHOA 

CTa6HflbHOCTH -WHPHHbl KaHana. 

BpeMeHHOA ceneKTOP KJI 226 6bm HCOOflb30BaH nnSl KOHTPOIISl CTa-

6HflbHOCTH H Kal!eCTBa "'paCTSlJ:KH" nYl!Ka YCKOPHTeJISl. Heo6xom1MOCTb B 

TaKOM KOHTpone noS!BHnacb nPH'nPOBeneHHH 3KCnepHMeHTa no pacceSlHHIO . 
nHOHOB HH3KHX 3HeprHA HYKIIOHaMH. B Kal!eCTBe-cHrHana 3anycKa "To" 

HCOOflb30Bancsi CHHXPOHMOYflbC OT-YCKOPHTenSl, a Ha BXOil "F" nnH6opa 

nonaBanHCb CHrHanbJ OT nyl!KOBoro CUHHTHnn'.SIUHOHHoro TenecKona. 

CnBOeHHblA WHPOK01IHana30HHblA OilHOBH6paTOP KJI 227 BblnO!IHeH B 

cTaHnapTe KAMAK WHPHHO_A lM. l!Hana30H nptt6opa _COCTaB!1510T 100 HC-;-

25, 6 MC H pa36HT Ha l!enme nonnttana30Ha: 0,1-;25,6 MKC, 1-;-256 MKC, 

10-;-2560 MKC H o. 1f25, 6 MC., llnHTenbHOCTb BbJxonttoro HMnYnbca B nne­

nenax 1<a:tnoro nonmrnna3oHa_ 3anaeTcSl. BocbMHPa3P.s!IlHblM u11mo~BblJ.1 cno­
BOM. 3anaiowHA reHePaTOP crn.6HnH3HPOBaH KBaoueM. IYxon l!aCTOTbl He 

nneBb!WaeT 5, o.,;10- 6 'en./ 0ci. B npH6ope noenycMOTPeHa B03MOY.HOCTb 

3anycKa KaK QT BHewm1x CHrHanoB, __ TaK H no·' (!)YHKUHH F_ (2 5) S1 KAMAK. 

HanHl!He TPHrrepoB npoxo:tneHH.II c,HrHanoB . ' no3B0JI.sleT · KOHTPOflHPOBaTb 

pa69Tochoco6HOCTb npw6opa: 

B TPeTien r rraBe onHCbJBalOTCS! 3fleKTPOHHble 6JIOKH H YCTPOACTBa 

nnsi .MHOronaTl!HKOBblX H MHOfOM0J)HblX cneKTPOMeTPHl!eCKHX CHCTeM. K HHM 

OTHOC.s!TCS! l!eTbJpexKattanbHbl~ 6blCTPblA YCHIIHienb KA 233 . [ 2 ] ; qenmex­

KaHaflbHblA IIHHeAHblA YCHIIHTenb-HHBePTOP KA 264 [ 2 J ; noenYCHflHTe!Ib 11.1m 

CUHHTHflflSlUHOHHblX. H noonopunoHaJibHb!X Cl!eTl!HKOB MHoroneTeKTOPHblX 

YCTaHOBOK[ 6 ]; KOflbUeBaSl 6y(!)eptta5l naM.s!Tb KJI 243[7 ]; 3fleKTPOHHKa [BJ 

llBYXKOOPllHHaTHblX nPOBOIIOl!HblX KaMep, · pa6oTalOWHX B reArePOBCK0'-1 

pe:r.11Me[9 , 101 • 

qeTbJPexKaHa!IbHblA 6b!CTPblA YCHIIHTeJib KA 233, BblnOJIHeHHbnl Ha 

' OCHOB'e nonxona '"cocTaBHOA. YCH!IHT01Ib ,; , ., BK!IlOl!aeT -B, ce65l 'TPaH3HCTOP--
' ' -

HblA YCH!IHTenb B BblCOKOl!aCTOTHOM KaHarre H oneoaUHOHHblA YCHJ1HT01Ib KP 

544Yl12A B HH3KOl!aCTOTHOM KaHarre. -CTPYKTYPHaS! cxeMa C · pa3nerrbHb!'-ll1 

U0IlS!MH OTPHUaTeIIbHOA o6paTHOA CBS!3H nrr.s1 - 6b!CTPOfO. _H MenneHHOfO 

Kattana He TPe6yeT CO~MeweHHS! roaHHl!HblX l!aCTOT. IlapaMeTPbl ··KA 233: 

l!HCIIO KamrnoB -:- 4; K03(!)(!)HUH0HT YCHJieHHS! · - , 10; • BPeMS! HapacTaHHS! 

CHrttana - 3. HC; BXOilHa.sl _H BblXO!{HaS! . nomlPHOCTb OTPHUaTe!IbHaS!; 

8 

BXOllHOe-conooTHB!IeHHe ~- 50 OM;. MaKCHMaJibHaS! aMnnHTYna BblXOllHOfO 

cHrttarra rio11· HarPY3Ke· 50 OM - · 5 B; HHTer panbHasi HenlrneAHOCTb noH 

MaKcHMaIIbHOA Bb!XOllHOl-1 aM~nHTYne - ~eHbwe 10;..2 ; · TeMneoaTYPHa.s1 ttec­

Ta6nnbHOCTb B mrnna30He TeMnenaTYP OT -10 °c 'no ' 50 °c· - MeHbl!le 

10:-
3

; 0 c. CTai-lnaoT 11cnorrttettnsi .:. KAMAK WHPHHOl-1 rn:. 
qeTblriexKaHaflbHbll-1 JIHHellHbll-1 YCHhHTerrb-HHBePTOP.KA 264 B~norrHeH. 

OPHM0HHTenbHO'K TP060BaHH.s!M, B03HHK8.IOWHM npH nPOB0Il0HHH cneKTPO­

M0TPH'I0CKHX H3Mepemrn CO CUHHTHIIJlS!UHOHHb!MH Cl!eT.:iHKaMH C. HeopraHH­

l!eCKHMH KPHCTanrraMH · (NaI) • B MOilY!Ie . KAMAK WHPHHOA . lM pa3MeweHbl 

l!en1oe He3aBHCHMblX -- JlHHeAHblX YCH!IHTeJIS!;_HHBepTopa. ' Ka:r.nbJA - Kattan 

BblnO!IHeH Ha OCHOBe. onepaUHOHHOf'O YCll.~HTeflS! KP 544Y1l2A C Bb!XOil~l,JM 

KaCKanoM Ha COCTaBHOM rioBTOPHTerre; noenHa3HatieHHOM 111151 nepenal!H 

BbiXOilHOro CHrHarra Ha OTHOCHTeIIbHO HH3KOOMHYIO 3a3eMneHHYIO HaroY3KY. 

rraoaMeTPbl KA 264: 4ttc.rio KaHaJIOB - 4;' K03(!)(!)HUH0HT YCH!IeHHS! - - . 10; 

BPeMS! HaoacTaHHS! CHrHana ~ 100 HC; BXOilHfli nOJIS!PHOCTb - OTPHUa­

TeIIbHaS! . ; BXOilliOe conpoTHBJieHHe - 1 KOM; BblXOilHfl.sl . llOJI5lPHOCTb 

nono:n1TenbHaS1: MaKCHManbHasi aMnnHTYna Bb1xonttoro curtta'rra ·rmu Har­

PY3Ke 50 OM - 5 B 11 500 OM .:. 8 B; HHTerpaJibHa.s! tte.rmHellHOCTb noH 
- - ·- __ . -- -. ' . - - '-'.'! 

MaKCHMaJibHOl-1 BblXOilHOl-1 · -aMn!IHTYile - M0Hbwe· 10 - ; TeMnenaTYPHa.sl 

ttecTa6HJibHOCTb B nnana30He OT 10 °c no 50 °c ~ MeHbl!le 10-
4 1 °c. 

IToenycHJIHTenb BK!IIOl!ae~ B ce6.s1 3aP.s!IlOl!YBCT,IntTe!IbHYIO cemmio H 

(!)HIIbTP, nnentta3Hal!eHHbnl Il!IS! (!)OPMHPOBaHJHI ' HMnY!IbC()B. ITnm,etteHHe 

ornoc11Te11bI-io 6b1cTporo onenauttoHttoro ycnnurnnJi KP ·544Y!12A • · c ~oriM11-. 

POBaHHb!M K03(!)(!)HUHeHTOM WYMa: no3BOJIH!IO noCTPOHTb Henoooroe KOMnaKT-

ttoe YCTPOAcTBo, YilOBJieTBOPS!IOl!lee TPe6oBaHH.s!M pafioTbl co·cuHHTHn-

IIS!UIIOHHblMII 11 noonOPUHOHa!IbHblMII · Cl!8Tl!HKaMH B M~oroneTeKTOP~~A 

YCTaHOBKe. 

KonbUeBasi 6y(!)epttasi naM.s!Tb• KJI-•243 ·Mo:teT 6b!Tb 11cnoJib3oBatta mm · 

"pa3paBHHBaHH.sl 11
• BXOilHOfO CTaTHCTHl!eCKOro· nOTOKa ·naHHblX B -~HCTeMflX 

CbeMa JIH(!)OpMaUHH, .' BblnO!IHeHHblX Ha OCHOBe KOHTPOJIJiepa · KK 001. . Ilnsi 
'' ,,- ,· ' ' 

o6ecnel!eHH5l ,ynpaBnS!eMOCTII ;TaKHX CHCTeM' noenHa3Hal!eHbl. TaK:te HeKOTO-

PbJe inononHHT0!IbHble i!JYHKUlll1 npH6opa. ITp11mhm .. pa60Tbl np116opa >6JJ1!30K . 

K CTeKOBOl-1 LIFO' (Last ,in., first·; out)'. EMKOCTb HflKOnneHH.s!' 1024 

16-pa3P.sl!IHbJX cnoB ;· u11K!1'06pa1J1eHttS1~.K naMS!TH soo' He. · IlaHH1>1e 3anncb1- • 

BaJOTC5!:·l!epe3 ,pa3beM Pill5'c32;,.,ye_TaHOBJieHHb1ll Ha'nepeJmen. nattem,; .. - JI 

Cl!HTbJBalOTCS! l!epe3 · MarHcToanb•.KPeHTa. CTaHnapT:' 11cnonHemrn; ,;_ ·· KAMAK 

lM. 
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3neKTPOHHJ<a nn.H CllHTbJBamrn HH(!)OPMamrn c nBYXKOopmrnaTHOR 

- renrePOBCKOR KaMePbl pa3pa60TaHa HCXO)l51 113 cneUH(!)HKH pa60Tb1 , 3TOro 

HecrnHnaPTHoro riernKTooa C9 • 1°1 • Iloc~-e nooxo:r.nemrn 4acT1111b1 Ha 
- . 

COOTBeTCTBYIO!IleR aHonHon np_OBOJJOKe Ha4HHaeT. pa3BHBaTbC51 . 08.3051!1, 

KOTOPhlA pacnpOCTPaH51eTC51 BnOJJb OPOBOJJOKH B o6e CTOPOHhl C nocT051H­

HOR CKOPOCTblO. IIepneHnHKYJJ51PHO aHonHblM OPOBOJJOKfiM BBeneHbl nononm1-

. TeJJbHble (!)OPMHPYIOIIIHe nooBOJJ04Hble 3JJeKTPOnbl, nonne~:r.1rna101ime PB.31)51!1 M 

nalOMHe COOTBeTCTBYIOWHe BPeMeHHhle OTMeTKH. Pa3pa60TaHHfl51 3Jl0KTPOHH­

Ka 003BOJJ51eT_ onpeneJJHTb HOMep cpa60TaBIJ1en OPOBOJJOKH H B00M51 0051B­

neHH51 CHrHana Ha (!)OPMHPYIOlllHX 3JJeKTponax ,. 'ITO_ 003BOJJ51eT onoenenHTb 

BTOPYIO KOOPnHHaTY- IlJJ51 onoeneneHH51 HOMepa cpa60TaBIJ1en OPOBOJJOKH 

HCOOJJb3YIOTC51 IJIH<!)PaTOPbl. 0TJJH4HTeJJbHOR oco6eHHOCTblO npH '3TOM 51BJJ51-
. ' ._,, . ·'.· ,· ' ,' . 

eTC51 YCTaHOBKa IJIH<DPaTOP~ B CHCTeMe C.'lHTbJBaHM51 HenocpencTBeHHO Ha 

_ aHOnHble ~POBOJJOKH, 'lTO 003BOJJS!eT Ha nop.HnoK COKPaTHTb KOJJH'leC_TBO ' 

- TPe6yeMblX JIJJ51 c11cTeMb1 yc11niiTeneA-<DOPMHPOBaTenen. 

B 38.KJJIO'lSHHH C(!)~PMYJJI:1POBaHbl OCHOBHble pe3YJJbTaTbL. n11cce0Ta-:_ 

UHOHHOR pa60Tbl. _ . 

OCHOBHblE PE3YnhTAThl 1IHCCEP1AIHH1 

1. PE13pa6oTaH Ha6op Monynen nn.H noeUH3HOHHb1X aMnJJHTYUHblX H 
, ·- , I 

BPSMeHHblX. H3MepeHHR C Ge (Li) -neTeKTOPOM npH noBbl!!leHHblX, 3arpv3KflX 

(n~ 105 HMn. /c) • BKJJIO'lalOWH~ ~ ce651 =· npenYCHJJHTeJJb Il223. cneK~POMe_. 

TPH'leCKHA YCHJJHTeJJb KA 234A, ceneKTOP BPeMeHHblX. HHT0PBaJJOB Kn 230, · 

CHXPOHH3aTOP 3an11c11 B 6y<DePHYIO naM51Tb Kn 228, nHC!lC!lePeHUHflJlhHblA 

·nHCKPH~H~aTOP KA_ 255 H (!)OPMHPOBaTeJJb c·~ cnen.HWHM nopor~M K_i\ 240. 
'' 

qaCTb .3TYIX · 6JJOKOB 51BJJ51eTC51 COCTaBHblMYI Y3JJ8.MH YCTflHOBKH nn.H 

HCCJJenoBaHYIH MOHOOOJJbHOrO B036Y:r.neHYIH HnPa OPH OCTaHOBKe MIOOHa B 

MYIMeHH 152sm HaMe30HOM_ nY'lKe_ qla30TP,oHa H51II_OH51H.. · · 

2. Pa3pa60TaH Ha6op _ynpaB1rneMbIX OT 3BM)mnYnen, noentta3Ha'leH­

HbIX nnH KOJJH'leCTBeHHOro aHaJJYl38 xapaKTePYICTYIK OYlJKOB ; YCKOPYITenen, 
, . : , ' ' ' - . 
BKJIIOt{BIOWYIA B ce6H: rettepaTOP TO'lHblX BPeMeHHblX YIHTePBflJJOB • Kn 244, . . . ' . ' . . . ', ~ . 

o6ecne'lHBalOWYIR _ KaJJH6POBKY YI KOHTPOJJb CT_a6Y1JJbHOCTH BIIC · c. TO'lHOCTblO 

no HeCKOJJbKHX . nYIKOCeKYHn; npeo6pa30BBTeJJb ."ToK-4aCTOTfl" HHTeHCH­

MeTpa OY'lKfl YCKOPYITeJJH; BPe'.'1eHHOR , ceneKTOP Kn 226, HCOO!lb3YeMblA 

nnH KOHTPOJJH . CT86YIJJbHOCTYI - YI .- Ka'leCTBa .... "paCTHl'.KYI" . npoTOHHOro -. 

nY'lKa, H cnBoeHHblA lllYIPOKonY1ana3oHHblA onHOBYlfiPBTOP Kn 227. 

\_ 
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3 _., Pa3Pa60TflHb1 C np11MeHeHY1eM PHna HOBblX cxeMHblX pe!JleHYIA MOnY'."' 

JJYI nnH noCTPOSHHH MHoronaT'lHKOBblX H MHOroMePHbiX cneKTPOMeTPH'leCK!1X 

CYICTeM~ K ·HHM OTHOCHTCH 'leTb1pexKaHaJJbHblfl 6b!CTPblA YCHJJHTenh KA. 233, 

'leTblPeXKaHa!lbHblfl -!IHHeAHblfl" YCHJJYITeJJb-YIHBePTOP KA 264,. noenYCH!IHTe!lb 

!l!IH CUYIHTHJJJJHUHOHHblX YI m1onopm10HBJJbHblX C'lST'lYIKOB MHoroneTeKTOPHblX 

YCTflHOBOK, KOJJbUeBaH 6y(!)epHaH naMHT_b KJI 243, a. TflK:r.e 3!1eKTPOHHK8 

nBYXKOOP)ll!HflTHblX . nooBOJJO'lHblX. K8Mep. r:ia60TalOWYIX B renrepOBCKOM . . . 

oe:t:YIMe. 

4. oO!lb!JIYICTBO. , Yl3 noencTaB!l0Hb1X B m1ccepT8UYIYI 3!1eKTPOHHb1X · 

Monynen o6ecne'leHO Heo6xonHMOR )10KYM0HTflUYleA H BblTWCKfleTCH Om,lTHh,lM 

OPOH3BoncTBOM.0HHH. 

OCHOBHOe coneo:r.aHHe n11ccePTflUHYI OOCTP00HO 

cnenYIOWHX pa6oT: 

Hfi MflT_ePYlflJle 

1. AK_YIMOB IO.K., EaHHC!laTOB E.A:, rnaRc6epr qi., no ~OflHr KblOHr, 
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