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O61..QNI XAPAKTEPl1CTl1KA PAEOTbI. 

AKTYMhHOCTh TEMhl. B Aa6opaTOpHH HeHTJ)OHHOH q>H3HKH 0115111, B 

HCCAeA0BaTe.1\.1,CKHX QeHTpax MHpa, HMelOIQHX HeHTJ)OHHI,Ie HCTO'IHHKH aKTHBHO 

BeAJTC.!I HCCAeA0BdHH.!1 B 06.11.aCTH <pH3HKH K0HAeHCHp0BdHHLIX cpeA, .ff:AepHLIX 

peaKQHH B TOM 'IHCAe: 

- H3}"1eHne HeHTJ)OHHO - OllTH'leCKHX, .!IB.11.eHHH rrpn AHtppaKQHH HeiiTpoHOB 

Ha COBepweHHbIX H ynpyroAetpopMHpOBaHHbIX KpHCTd.11.J\.dX no BpeM.!IIIpo.11.eTHOH 

MeTOAffKe; 

- H3MepeHH.!I yr.11.oBbIX pacnpeAe.11.eHHH ynpyroro pacce.!IHH.!I HeiiTpoHOB 

.ff:APdMH B 06.11.dCTH 3Heprni\: 1 + 200 K3B; 

HCCAeAOBaHHe pe30HaHCHOH CTpYJ<TYPl,l HeHTJ)OHHLIX cetieHHH 

PdAHdQHOHHOro 3axBaTa H Ae.11.eHH.!I pa3.11.H'IHhIX H30TOilOB; 

H3}"1eHne MeXaHH3Ma .ff:AepHhIX peaKQHH C rrepCAa'leH HeCK0.1\.1,KHX 

HYJ<.11.0HOB H N1JI HCCAeAOBaHH.!I pa3.II.H'IHLIX _KaHd.11.0B paCIIdAa HX IIPOAYJ<TOB; 

- HCCAeAJIOTC.!I peaKQHH {n,p), {n,a) Ha cra6H.IU>HhIX H PdAffOaKTHBHLIX 

H30Tonax, H3}"1eHne CBOHCTB BI,ICOKOB036YJKAeHHLIX COCTO.!IHHH .!J:Aep. 

B p.!J:Ae CAyqaeB 3TO rrpeA'LHBJ\..!leT IIOBI,IWeHHhle Tpe60BaHH.!I KaK K CHCTeMdM 

ynpaB.11.eHH.!I 3KcnepnMeHTd.l\.l,HOH ycTaHOBKOH n yCAoBH.!IM rrpoBeAeHH.!I 

3KCIIepHMeHTa, TaK H K CHCTeMdM HaKOII.11.eHH.!I crreKTpOMeTpH'leCKOH 

HHtpOpMaQHH. B qacTHOCTH, Tpe6yeT yne.11.H'leHH.!I IIpOH3B0Alfl'eJ\hHOCTH H 

eMKOCTH CHCTeM pernCTpdQHH. 

8 p.!J:Ae .!J:AepHO - lpH3H'leCKHX HCCAeAOBaHHH C pOCTOM K0.11.H'leCTBa 

pernCTpnpyeMhlX rrapaMeTpOB aKTfa.AhHa 3dAatia pa3pa6oTKH arrnapaTHhIX 

cpeACTB N1JI rrpeABapHTe.1\.1,HOH QH<ppOBOH <pH.IU>TpdQHH crreKTpOMeTpH'leCKOH 

HH<pOpMaQHH. 

11/,Jf. IIOB:i,mieHH.!1 3<p<peKTHBHOCTH pa6oTI,I 3KCIIepHMeHTd.l\.l,HOH . ycraHOBKH 

aKTfd.1\.1,HOH .!IBJ\..!leTC.!I 3dAa'la COBepweHCTBOBdHH.!I CTpYJ<TYPHOH CXeMI,I CHCTeMI,I 

aBTOMaTH3dQHH cneKTpOMeTpa. 

BBHAY Toro, 'ITO 3KCrrepHMeHTI,I B AH<I> 0115111 BeAYTC.!I c IIOMOIQl>IO 

HMIIY.1\.1,CHLIX . HCTO'IHHKOB HeHTJ)OHOB, IIHKOBd.!I 3arpy3Kd Ha BXOAdX 

H3MepHTE!J\hHhIX CHCTeM HaMHoro npeBhlwaeT cpeAHIOro 3arpy3ey, II03TOMY 

I. ni,,,.,, n" .• !1 ,·,.-m-1' ·~'3~~;..,t,.,. kuAJt:'.1 ,:11 ... ,a1,,. 
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O'lem. BroKHOH 3c!Aa'leH .IIBJUieTC.11 HaxO)I{AeHHe OIITHMMbHOH CTpYJCTYPhI H 

napaMeTpOB CHCTeMLI. 

UeAhlQ pa60Th1 .HBAfL\a.Ch pa3pa60T1Ca annap.aTHLIX cpeACTB, o6ecne'lHBaro~: 

- MOAYAhHYID cnCTeMY 11/ill Ha.KOIL'\.eHH.sI cneicrpoMeTpH'leCKOH HHq>OpM~HH 

B CTaIJAapre KAMAK c AOIIOJUIHTeAhHOH "BHemHeH MarnCTpMbro"; 

- yrrpaB.11.eHHe pa3JllilIHLIMH rOHHOMeTpaMH, nOBOpOTHLIMH II.haT!pOpMaMH, 

YCTJ>OHCTBaMH CMeHLI o6pa3QOB, IOCTHpyeMLIMH KOMHMaTOpaMH H APyrHMH 

HCIIOJUIHTeAhHLIMH MeXaHH3MaMH B cocraBe HeiiTpoHHLIX AH<pprucroMeTpOB; 

- npeABapHTeAhHLIH anrrapaTHhlH OT6op CIIeKTpOMeTpH'leCKOH HH<pOpM~HH. 

Hay•ma.sr HOBH3Ha pa60Thl 3aKAIOtJaeTC.ll B CJl.eAyro~eM: 

C03AaHa MOAYAhHa.11 CHCTeMa /1/IJ{ HaKOIL'\.eHH.11 crreKTpOMeTpH'leCKOH 

HH!pOpM~HH B CTaHAapTe KAMAK C AOIIOJ\HHTeAhHOH "BHemHeH 

MarnCTpMblO", C nOMO~IO KOTOpou peaJUI30BaHLI CJl.eAyro~e HOBLie 

B03MO)KHOCTH no cpaBHeHHIO co CTfillAapTOM KAMAK: opraHH30BaHa pa6oTa 

HeCKOAhKHX MOAYJl.eH /1/IJ{ COBMeCTHOH 06pa60T1CH HH<pOpM~HH, C03Aam.I 

He3aBHCHMO 'pa60TaIO~He rpynrrLI MOAyJ1.eii C noMO~hlO BHemHeii WHHLI /1/IJ{ 

opraHH3~HH 11apaJ1.J1.eAhHLIX npoqeccoB H o6ecrretJeHa 6LICTJ>OAeiiCTByro~a.sr (Ao 

15M6aiiT/ceK) rrp.srMa.sr rrepeAatJa HH<popM~HH Me)I{Ay MOAYMMH. 

Ha 6a3e MOAYAhHOH CHCTeMLI C03AaH P.HA CHCTeM HaKOIL'\.eHH.11 AaHHhlX /1/IJ{ 

HeHTpOHHhlX crreKTpOMeTpOB, HCIIOAh3yro~HX Mel'OAHKY MHOroMepHoro 

CIIeKTpOCKOIIH'leCKOro aHaJI.H3a; 

pa3pa60TaHO CeMeHCTBO opHrHHMhHhlX 6ycpepHhlX 3aIIOMHHaIO~HX 

YCTJ>OHCTB /1/IJ{ pernCTp~HH crreKTpOMeTpH'leCKOH HH<popM~HH OT 6oAhmoro 

KOJI.H'leCTBa AeTeKTOpOB; 

pa3pa6oTaH KOHTJ)OJ1.J1.ep opraHH3aQHH MHoroMepHoro aHaJUI3a 11/ill 

C06hl1"HH HMeIO~HX, AO BOChMH rrapaMeTpOB; 

- BnepBLie pa3pa60TaH 6JI.OK QH!ppOBOH !pHAhTp~HH /1/IJ{ AByx TeJl.eCKOnoB 

(ExdE), no3BOJl..llro~nu BeCTH HaKOIL'\.eHne B BOChMH. JI.OKYcax no Ka)KAOMY 

TeJl.eCKOrry HJI.H ABa AByxMepHLIX CIIeKTpa C pa3p51AHOCThlO 14 6HT no o6oHM 

napaMeTpaM; 

- pa3pa60TaH 6JI.OK ynpaBJl.eHH.11 !pH3H'leCKOH YCTaHOBKOH /1/IJ{ KOHTpOJl..ll H 

yrrpaB.11.eHH.11 HCIIOJ\HHTeAhHhIMH MeXaHH3MaMH cneKTpOMeTpOB. 
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IlpaKTWieCKa.H ueHHOCTh pa60Thl COCTOHT B TOM, 'ITC Ha OCHOBe 

pa3pa6oTaHHhlX aBTOpOM 3Jl.eKTpOHHhlX 6AOKOB H IIPH ero HerrocpeACTBeHHOM 

)"IaCTHH C03AaHhl Ae:ikTByro~ne H3MepHTeAhHhle CHCTeMLI /1/IJ{: 

- H3YtJeHn.sr HeHTpOHHO - oJITII'leCKHX .HBAeHHH rrpn AHIPPaKqHH HeHTpOHOB 

Ha COBepmeHHhlX H ynpyroAe<popMHpoBaHHhlX KpHCTaJI.Jl.ax 110 BpeM.srrrpoJl.eTHOH 

MeTOAHKe (Al1<l>PAH, l1EP-2); 

- H3)"IeHH.ll B3aHMOAeHCTBH.H YAhTpaxOAOAHhlX HeHTpOHOB co CIL'\.OWHhlMH H 

AHCIIeprnpoBaHHhlMH MarHHTHhlMH H HeMarHHTHhlMH Be~eCTBaMH, a Ta.IOKe 

H3MepeHH.ll <l>YHAaMeHTMbHhlX xapaKTepHCTHK HeHTpOHa /3AeKTpll'leCKHH 

AHIIOAhHhlH MOMeHT, rrepHOA 110Aypacrrc1Aa, 3AeKTpll'leCKHH 3ap.lIAI (YXH, 

l1EP-2); 

3AeMeHTHoro aHaJUI3a B 'IHCThlX II)"IKax TelL'\.OBhlX HeHTpOHOB 110 

MnIOBeHHhlM peaKQH.IIM (n, a), (n, y) H (n, p), HMrryAhCHOro PaAHOAH3a 

JKHAKOCTeii H TBepALIX TeJI.. (ycTaHOBKd /1/IJ{ 3AeMeHTHoro aHaJUI3a H 

PaAH~HOHHhlX nccAeAOBaHnii, l1EP-2); 

- H3MepeHH.ll yrAOBhlX pacrrpeAeJl.eHHH • ynpyroro pacce.HHH.11 HeHTpOHOB 

.HAPaMH B o6AaCTH 3Heprnu 1 - 200 K3B (ycTdHOBKa /1/IJ{ H3MepeHH.sI 

AH<p<pepeHQHMhHhlX ce'!eHHH pacce.HHH.H HeHTpOHOB 51APaMH Ha perucrope 

l1EP-30); 

ncCJ1.eAOBaHH.11 pe3oHaHCHOH CTJ>YKTYPLI HeHTpOHHLIX ce'!eHHH 

PaAH~HOHHOro 3axBaTa H AeAeHH.H pa3AH'IHhlX H30TOIIOB (ycraHOBKa /1/IJ{ 

H3MepeHH.ll HeHTpOHHhlX Ce'leHHH H MHOJKeCTBeHHOCTH H3A)"IeHHH npn 

B3aHMOAeHCTBHH HeHTpOHOB c 51APaMH. l1EP-30); 

H3YtJeHH.ll MexaHH3Ma 51AepHhlX peaKQHH C rrepeAa'!eH HeCKOAhKHX 

HYKJI.OHOB /1/IJ{ HCCAeAOBaHH.11 IIPOAYKTOB pa3HhlX KaHaAOB paCIIc!Aa 

(H3MepHTeAhHa.ll CHCTeMa B CTaHAapTe KAMAI< /1/IJ{ MHoronapaMeTpOBhlX 

3KcrrepnMeHTOB B 1151<1> qcAH, PJKeJK; cncTeMa "TTottcK" l1EP-30 n l1EP-2); 

- HCCJl.eAOBaHH.H peaKQHH (n, p), (n, a) Ha cra6HAhHhlX H PaAHOdKTHBHhlX 

H30Tonax C IIOMO~hlO HOHH3aQHOHHOH KaMephl C ABYM.11 CeTICaMH. (l1EP- 30, 

perucrop BBP- M C - TTeTep6yprcKoro HHCTHTYTa 51AepnLIX ncCJ1.eAOBaHHH B 

faT'IHHe). 

KpoMe 3THX crreKTpOMeTpOB, pa3pa6oTaHHhle aBTOpOM CHCTeMLI 

HaKOIL'\.eHH.11 crreKTpOMeTpll'leCKOH HH<pOpM~HH, ynpaB.11.eHH.11 
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HCnOAHHTeJU,HhlMH MeXaHH3MaMH lICnO.l\l,3yroTC.sl B 

cneicrpoMeTJ)OB Ha peaKTopax l1EP-2 H l1EP-30: MYP, 
PHAe, APyrnx 

KACOr, .<l>ABP, 

AH-2 H ABP, OXH, KACOfM. C noMOI.qbIO 3TIIX H3MepHTeJU,HhlX CH~eM Ha 

yxaJaHHhlX cneicrpoMeTJ)ax npoBeAeH PHA HHTepecHhlX HCCJ\.eAOBaHIIB H 

nOA}"leHI,I HOBI,Ie <pH3H'leCKHe pe3y.l\l,TaThl. 

Anpo6aumr. OCHOBHI,Ie pe3y.l\l,TaTI,I AHCCepTa~HOHHOH pa6oThl ony6AIIKOBaHI,I 

B BHAe coo6rqeHHH H npenpnHToB Ol15Il1, )KypHa.1\1,HhlX craTeiI, AOKAflAbIBaAIICb 

Ha ceMHHapax /\H<l> H l15I<l> P)Ke)K, npeACTaBA.slAIICb Ha X (APe3AeH, 1980r), Ha 

XI EparnCJ1.aBa, qexoCJ1.0BaKH.sI, 1983r, XII (Ay6Ha, 1985r, PoccHHCKM 

<peAep~H.sI) H XV (BapnrnBa, 1992r, IT0.1\1,Illa) Me)KAYffapOAffhlX CIIMnOJHYMax 

no HAepHOH 3AeKTJ)OHHKe. 

Cmyis:zypa n o6'beM AnccepTaunn. AnccepT~H.sI cocroHT H3 BBeAeHH.sI, TJ)ex 

rAaB, 3aKAIO'leHH.sI H cnncKa AHTepaTYPhl- Pa6oTa H3AO)KeHa Ha 93 CTpaH~ax. 

BKAIO'la.sl 40 pHCYffKOB H 2 Ta6AII~I,I. CnHCOK AHTepaTYPI,I COAepJKHT 100 

HaIIMeHOBaHHH. 

. COAEP)KAHI1E PAEOTbI 

B rrepBott rAaBe 6I,IAII paccMoTJ)eHhl ocHOBHhle MeTOAhl u nx annaparna.si: 

peaAII3~H.sI Nill nOCTJ)OeHH.sl CHCTeM HaKOilAeHH.sI AaHHhlX B 

3KcnepIIMeHTa.l\l,HhlX ycTaHOBKax AH<l> Ol15fl1. 

1. Co3AaHa MOAY.1\1,Ha.sI CHCTeMa MR HaKonAeHH.sI cneicrpOMeTJ)H'IecKoiI 

HH<popM~llli B CTaffAapTe KAMAI< c AOnOAHHTeJU,HOH "BHeruHeiI 

MarHCTJ)a.1\1,IO", C nOMOI.qbIO KOTOpOH peaAII30BaHI,I CJl.eAyrorqHe HOBI,Ie 

B03MO)KHOCTH no cpaBHeHHIO co CTaffAapTOM KAMAI<: 

- opraHH30BaHa pa6oTa HeCK0.1\1,KHX MOAyAeH Nill COBMeCTHOH o6pa6oTKH 

lIH!pOpM~HH; 

- C03AaffI,I He3aBHCHMO pa60TaIOI.qHe rpynnhl MOAYAeH Nill opraHH3~llli 

napaAAeJU,HI,IX npo~eCCOB o6pa60TKH AaHHhlX; 

- o6ecne'leHa 6hlCTJ>OAeiICTByrorqa.si: (Ao 15 M6aiIT/ceK) np.si:Ma.si: nepeAa'Ia 

HH<popM~llli Me)I(Ay MOAYA.sIMH. 

2. ABTopoM pa3pa6oTaH PHA oneparnBHhlX 3anoMHHaIOiqnx ycrpoiICTB (O3Y) 

HCnO.l\l,3yeMI,IX KaK MOAYAII naMHTH aHaAII3aTopoB, a TaK )Ke KaK 6y<pepHhle 

JanoMHHawrque ycrpoiICTBa. K nx 'IHCJI.Y ornoc.sITcH: O3Y 4Kx24 6HTa, O3Y 
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16Kx24 6HTa, O3Y 32Kx16 6HT, cneKTJ)OMeTJ)H'!eCKHe 3anOMlIHaIOiqHe 

ycrpoiICTBa nOBhlllieHHOH eMKOCTH. 

ITpn pa3pa6oTKe 3TIIX ycTJ)OHCTB perueHhl CJl.eAyrorque 3aAa'llI: 

► npneM AaHHhlX, nocrynmorqnx C BHeruHeH MarHCTpaAII HAlI MarHCTpaAII 

KAMAI<, H + 1 B perncrp aApeca ycrpoiICTBa; 

► BI,IAa'la HaKOilAeHHI,IX AaHHI,IX Ha BHellIHIOIO MarHCTJ)a.1\1, HAlI MarHCTJ)a.1\1, 

KAMAI<; 

► BI,IAa'la HaKOilAeHHhlX AaHHI,IX Ha BHellIHIOIO MarHCTJ)a.1\1, HAlI MarHCTJ)a.1\1, 

KAMAI< H + 1 B perncTJ) ~eca ycrpoiICTBa; 

► opraHH3~H.sl pe)KHMa HaKOilAeHH.sI cneKTJ)OMeTJ)H'!eCKOH lIH<pOpM~llli, TO 

eCTb '!TeHHe AaHHhlX no BhlCTaBAeHHOMY ~ecy, + 1 (AII6o cyMMHJ>OBaHH.sl c 

'IHCJ\.OM N) K nOA}"leHHI,IM AaHHI,IM H 3anHCb no crapOMY ~ecy 

MOAHlp~HpOBaHHhlX AaHHhlX. 

3. PacCMOTJ)eHI,I MeTOAI,I OT6opa HH<pOpM~llli B <pH3H'leCKOM 3KCnepIIMeHTe; 

- onpeAeAeHI,I xapaKTepHCTHKH 6AOKa ~H<ppOBOH lpH.1\1,TJ)~llli (pHc.1.13); 

,t, HaKOilAeHHe AByxMepHhlX cneKTJ)OB OT AByx TeAeCKOnOB BO BHemHee O3Y; 

,f, HaKOilAeHHe OAHOMepHhlX cneicrpoB, copTHpOBaHHI,IX no AOKYCaM Nill 

Ka)KAOro TeAeCKona BO BHeruHeM O3Y; 

,f, lpH.1\1,TJ)~HIO, paHee 3anHCaHHOH B BHAe CnHCKa co6hlTHH, HH<pOpM~llli. 
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4. OcHOBHhle 3c!Aa'lll ynpaBAeHIUI XOAOM 3KCnepIIMeHTa: 

He06XOAIIMOCTbIO OAHOBpeMeHHoro ynpaBAeHIUI, KOHTpOJUI II 

Ha6AIOAeHIUI napaMeTpOB HeCK0.1\1,KIIX nOACIICTeM cneKTpOMeTpa; 

B03MOJKHOCTb KaK He3aBHCIIMOro, TaK II CIIHXpOHil3IIpOBaHHOrO 
~. ~-,, 

ynpaBAeHIUI nOACIICTeMaMII cneKTpOMeTpa; 

- ynpaBAeHIIe 3KCnep11MeHTOM BhlnOAH.lITbCH aBTOMaTIPieCKII no 3apaHee 

3c!AaHHOH nporpaMMe llAll B IIHTepaKTiiBHOM pe)ImMe; 

- npeACTaBAeH perncrpoBhlH 6.11.oK ynpaBAeHIIH ¢113:wiecKoiI ycraHOBKoiI Ha 

paccroHHllll AO 1 KM B 3Kcnep11MeHTMl,HhlX 3cl.!\ax peaKTopoB HEP- 2 11 HEP-

30 J\H<I>. 

Bo BTOpOH rAaBe npeACTaBAeHa KOMUAeKCHa.H aBTOMaTH3~IIH cneKTpOMeTpOB 

C IICnO.l\l,30BaHIIeM 3BM THna CM II nepCOHMl,HOro KOMnhIOTepa COBMeCTHo C 

3AeKTpOHHOH annapaTypoiI B craffAapTe KAMAK 11 no.11.yqeHHble pe3y.l\l,TaThl 

nOATBepJKAaIOT npaBIIAhHOCTb Bhl6opa aBTOpOM apxIITeKTyphl AAH nocrpoeHIIH 

CIICTeM aBTOMaTH3~llll HeiITpOHHO - cneKTpOMeTpWieCKIIX ll3MepeHIIH. 

Pa3pa6oTaHHhle aBTopoM annapaTHhle cpeACTBa AAH HaKOnIITe.1\1,HhlX c11creM 11 

aBTOMaTII3~llll KOHTpOAH II ynpaBAeHIIH 11cnOAHI1Te.l\l,HhlMII MeXaHil3MaMII II 

napaMeTpaMII 3KCnep:o;MeHTMl,HOH YCTaHOBKII opraHWIHO BOIIIAII B COCTaB 

npeACTaBJl.eHHhlX B AaHHOH rAaBe cneKTpOMeTpOB. 

YcraHOBKa AH<DPAH pacno.11.oJKeHa Ha KaHaAe 1 ·peaKTopa HEP-2. OHa 

11cnoAh3yeTCH A./1.H 113yqeHIIH HeiITpoHHO - OIITll'IeCKIIX HBAeHirii npII AH<l>P~llll 

HeHTpOHOB Ha COBeprneHHhlX II ynpyroAe¢opMIIp0BaHHhlX KPIICTaAAaX no 

BpeMHnpo.11.emoiI MeTOAHKe. Ha ycraHOBKe AH<I>PAJ-1 MOJKHO npoBOAHTh 

ll3MepeHIIH KaJC no cxeMe AByxKpIICTMl,HOro, TaK II OAffOKpIICTMl,HOro 

cneKTpOMeTpa OTpaJKeHHOro nyqKa HeHTpOHOB KpIICTaAAOM. 

3AeKTpOHHaH annapaTypa cneKTpOMeTpa BhlnOAHHeT CAeAyro~e OCHOBHble 

¢~: 

- HaKOUAeHIIe II xpaHeHIIe AaHHhlX; 

- npeABapIITeAhHyro KOHTp0.1\1,Hyro o6pa6oTKY no.11.yqeHHhlX AaHHhlX 11 IIX 

BII3Ya.l\.H3~; 

- ynpaBAeHIIe 3KcnepIIMeHTMl,HOH annapaTypoiI; 

- MOHIITOpIIpOBaHIIe 3KCnepHMeHTa. 

6 

CneKTpoMeTp AH<I>PAH no3BOAIIA noAHOCTbIO aBTOMaTH3IIpOBaTh npoQecc 

<pll3WieCKIIX ll3MepeHHH Ha AH¢paKTOMeTpe. 

OA,HO 113 HanpaM.eHHH pa6oT, npoBOAHMhIX Ha HMnyhbCHOM perucrope 

HEP-2, HBAHIOTCH npHKAaAffble IICCAeAOBaHIIH, npOBOAIIMhle Ha 

6uoq>H3WieCKOM KaHaAe /E<I>K/ II ycraHOBKe "PeraTa" noKa3aHHble Ha puc. 2.5. 

nv 

I KaHaA 06Ayqe11m1 I Ae-reXTOp C - l-~~:..!.. 
3AeKTpOHHKOH 

KaHaA 06Ayqe11m1 

~i 
§ ru ~, 

vhrrepcpeiic 
1 

- --~ 

yCTaHOBKH 
"PeraTa" 

1,2,3,4-AHaJUI3Hpyer,n.ie o 

epKaALHl,IH HeHTpO~OBOA -E -+ -+ I 3 I AeTeXTOp c l-8~-3 
3AeXTpOHHKOH 

l I Ae-reXTOp c tp,fi!T.4 
IHMnyJ\hCHYH cneKTpO<poToMeTp I 3AeXTpoHHKOH 

PHc.2.5 <l>H3H'IeCKruI annaparypa MOAYAH 3.1\.eMeH"I'Horo aHa.l\.H3a H 
PaAHal\HOHHhIX HCC/1.eAOBaHHH Ha HEP - 2. 

<I>113WieCKaH annapaTypa pa3Me~eHa B 3KcnepuMeHTMl,HhlX noMe~eHIIHX 

peaKTopa HEP- 2 II CBH3aHa C ll3Mep11Te.l\l,HhlM MOAYAeM, ycraHOBAeHHbIM B 

ll3MepIITe.l\l,HO-BbllJIICJ\.IITe.l\l,HOM QeHTpe J\H<I>, J\.HHlleH CBH3H, 

06ecnetJI1Baro~eiI nepeAatJy cneKTpOMeTpWieCKOH IIHq>OpM~llll II CHnlaAOB 

ynpaBAeHIIH MeJKAy HHMH. 

AAH npoBeAeHIIH 3THX 3Kcnep11MeHTOB B AH<I> C03AaH H3MepIITeAhHhlH 

MOAY.1\1, (p11c.2.6) Ha 6a3e 3BM, KOTophIH B KOMnAeKce c E<I>K H ycraHoBKOH 

"PeraTa" 06ecnetJ11BaeT: 
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nepeMe~eHHe 06pa3~0B B JOHhl 06.11.}"Iemrn peaKTopa HEP - 2 H 

B03Bp~eHHe me: IlOC.11.e 06.11.}"IeHHH B npo6oTeKy YCTaHOBKH "PeraTa"; 

<, 

C..pr ;.~~ 

Puc. 2.6 BAoK - cxeMa MOAYNI aKTHB~HOHHoro aHaAH3a. 

ynpaB.11.eHHe H3MepHTeJU,HOH annapaTYPOH. H 3c!AaHHe HCXOAHhIX 

napaMeTpOB 3KCilepHMeHTa C K.11.aBHaTYPhl ny.lU,TOBOro TepMHHa.11.a 3BM; 

OAHOBpeMeHHOe HaKOil.11.eHHe cneKTpOMeTpWieCKOH HH<popM~HH no 

'IJeThlpeM aBTOHOMHhIM HaKOilHTe.JU,HhIM KaHa.11.aM; 

nporpaMMHpyeMoe ynpaB.11.eHHe H3MepHTeJU,HOH annapaTYPOH H 

ycrattoBKOH "PeraTa", HCIIOJU,JyeMhIX MJI aKTHB~HOHHoro aHa.11.HJa; 

- npeA13apHTe.1U,HyIO o6pa6oTKy HH<popMa~HH. 

ABTOMaTH3~HH ycraHOBKH "PeraTa" Il03BO.II.H.ll.a 60.11.ee 3<p<peKTHBHO 

HCilOJU,30BaTb BpeMH rrpoBeAeHHH 3KCrrepHMeHTa. 
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i 

·ti 
,, 
! 

I 
) 

l 
I 
! 

i 

C noMo~bIO MOAYAH MJI 3.11.eMeHTHoro aHaAHJa H PaAli~OHHhIX 

HCC.11.eAOBaHHH rrpoH3BeAeHhl H3MepeHHH xapaKTepHCTHK HeHTpOHHhIX ny"lKOB 

KaHMa E<I>K H "PeraTa", oc~eCTB.11.eH MHoro3.11.eMeHTHhIH (10 -;. 15 3.11.eMeHTOB 

CMOTpH pHc.2.20) aKTHB~HOHHhIH aHa.ll.H3 60.11.ee 2000 o6pa3~0B. 

153sm 

20J.2 

J.OJ.2 

B2Br 

·2e28 r 

:J1Ba 

oi I · __ .....,.........: AJ • A1t-.. 
769 J.537 23'6; 

60c,o 
46Sc 

KaHM 

PRC. 2.20 AMIIhmYAH&0: cIIeKTp II~R aKTRBfill;ROHHOM aHaJWSe. 

B AH<I> OJiI.HH rrpoBO,IIJITCH H3MepeHHH yrAOBbIX pacnp~e.11.eHHH ynpyroro 

pacceHHHH HeHTpOHOB .flAPaMH B 06.11.aCTH 3Heprntt 1 + 200 K3B. 

ArrrrapaTYPa n: rrporpaMMHOe o6ecne"leHHe MOAYAH no3BOAHeT pemaTh 

CAeAyro~He 3c!Aa"ln:: 

- HHTepaKTHBHOe ynpaB.11.eHn:e H3MepHTe.JU,HhIMH KaHa.AaMH H.11.H Il0.11.HOCTbIO 

dBTOMaTH'IJeCKOe ynpaB.11.eHn:e XOAOM 3KCIIepHMeHTa C BI,JAa"lett npOTOKOAa 

H3Mepemrii; 

- BhIBOA HH<pOpM~HH Ha TO'IJe"IHhIH AHCil.11.ett; 

- BhIBOA Tpe6yeMott HH<popM~HH Ha AffCil.11.ettHhIH TepMHHa.11. HAH rrpHHTep; 

- rrep~a"IY HaKoll.11.eHHOH HH<pOpM~HH Ha ~eHTpa.JU,HhIH npo~eccop. 

Hmepec ' K YXH B03HHK [AaBHIJM o6pa30M B CBK3H C me crroco6HOCTbIO 

HCill:,IThIBaTb II0.11.Hoe OTpaJKeHHe OT p.fiAa MaTepHa.11.0B IIpH .11.I06h1X yr.11.aX 

IIc!AeHIIB. 

Ma.11.aH HHTeHCHBHOCTb YXH H 60.JU,fila.fl npOAOA)KHTe.lU,HOCTb HaKOIIAeHIUI 

AaHHhIX 06yC.11.oBHAH crre~H<pWieCKHe Tpe60BaHHH K CHCTeMe aBTOMaTH3~. 
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Ha m,my.hhcHoM perucrope HEP-2 6hIA C03AaH KaHaJI. · YXH, 

o6ecnetIHBaIOID;llli IlOII.YtieHne y.hh-rpaxoll.OAHbIX HeHTJ)OHOB'; J:1 nx 

TJ)aHCUOpTiipOBKY OT 3aMeAJl.llTeJUI peaKTOpa AO 3KCnepnMeHTaJl.hHbIX YCTaHOBOK, 

ll ll3MepllTe.hhHhIH MOAy.hh. 

IIITopKa1 

!IIITop1u12! 

IIIITopKa3I 

l(l),un:mep1I 

PC/XT 

:"~h 

PHC. 2.11 Bll.OK- cxeMa H3MepKrell.I,HOro MO,ll,Yll.H YX.H. 

H3MepllTe.hhHhIH MOAY.hh YXH o6ecnetinBaeT: 

- ynpaBAenne annapaTYPOH n 3¾aHne ncxOAHbIX napaMe-rpon 3KcnepnMeHTa 

OT nepcoHaJl.hHOH 3BM; 

- aBTOHOMHOe HaKOUJl.eHIIe cneK-rpOMe-rplllleCKOH nmpopMan;nn BO BHenrneM 

3anoMnHarom;eM yc-rponCTBe; 

- nporpaMMHOe ynpan11.enne 3KcnepnMeHTOM. 

MeTOAUKa noc-rpoemrn npeACTaBJl.eHHbIX CllCTeM U03BOJl.llll.a Ha llX OCHOBe llJl.ll 

C llCUO.hh30BaHlleM 311.eMeHTOB 3TllX CllCTeM peall.ll30BaTb CllCTeMhl HaKOUJl.eHIDI, 

ynpaBAeHIDI n KOHTJ)OJUI cneK-rpoMe-rpon OXH, KACOfM Ha perucropax HEP- 2 

n HEP- 30 Aa6oparopnn neHTJ)oHHOH cpn3llKll Ol111H. 

OpeACTaB11.eHHbie B :meTheH rJ1.aBe cncreMhl no3BOJUIIOT npoBOAJITb 

MHOronapaMe-rpOBhle ll3MepeHIDI. B Hell paccMo-rpeHhl MeTOAhl noc-rpoeHIDI 

MHoroMepHbIX cnCTeM C llCil0.hh30BaHneM AByx BUAOB n;ncppoBOH cpll.hh-rpan;nn 

3KcnepnMeHTaJl.hHbIX AaHHbIX. PaCCMO-rpeH 611.0K cpopMnpOBaHIDI ll OT6opa 

MHoroMepHoro co6hITll.H, 11/\51 C03AaHIDI MHOrOMepHbIX ll3MepllTe.hhHbIX cncreM. 

B KatieCTBe npnMepa peall.ll3an;nn OTMetieHHbIX Bhllile TeXHll'leCKllX pemeHllli 

onncana CllCTeMa pernc-rpan;nn AeTeKTOpHOH llHcpopMaD;llH B 3KCUepnMeHTe, C 

HCUO.hh30BaHHeM AByxCeKD;HOHHOH HOHH3aD;HOHHOH KaMephl. 

10 

PeaKD;Hll (n,p), (n,cx) Ha CTa6ll.hhHbIX ll P¾llOaKTHBHbIX ll30TOnax }?Ke 

AOCTaTO'lHO AOll.rOe BpeM.H CllCTeMaTll'leCKll llCCJl.eAyroTC.H B AH<I>. B KatieCTBe 

AeTeKTopa 3apIDKeHHbIX tiacrnn; B llCCJl.eAOBaHll.HX .HAepHbIX peaKD;llli (n,p), (n,cx) 

lIIHpOKO npnMeH.HIOTC.H llOHll3an;noHHhle KaMepbI pa3Jl.ll'lHOH KOHCTJ)YKD;llll. 

Ha pnc.3.2 npeACTaBJl.eH 0AHH ll3 B03MO/KHbIX Bapnamon 3KCUepnMeHTa, C 

llCUO.hh30BaHlleM AByxceKD;HOHHOH llOHH3aD;llOHHOH KaMephl. 

~r 
fipeAyCH,ll!TeAlr 

C2 
I 

..l. 

neKTpoMerpll'lecKHii 
ycHAIITe,U, 

IABCKJ)HMBHampJ 

M 

T 
neKTpoMerpll'lecKHii 

YCIWl'l'e.u. 

CTapT 
~ J, Ae-r. 

IMfITT [ BKn 7 l A!Jrr 2 

Ct 

J' I 
p I 

I 

.L 
IT~ 

I_ 
nerrpoMerpll'lecKHii 

YCIIAIITeAJ, 

PHC. 3.2 CxeMa SKcrrepHMeHTaAI,HOH ycTaHOBKH 

C HCIIO.hb30BaHHeM HOHH3aQHOHHOH KaMephl. 

CncreMa . HaKOUJl.eHn.H ll ynpaBJl.eHll.H BhIUOJI.HeHa B CTclJIAapTe KAMAI< 
(cM. pnc. 3.3). 

Ona Il03BO.IUieT pa60TaTb B Cll.eAyrom;nx pe;KnMax: 

1) pernc-rpan;IDI C06hITllH Ka/KAhIM Bhl6paHHhIM npeo6pa30BaTell.eM B 

He3aBHCllMOM pe;KnMe; 

2) pernc-rpan;IDI B pe;KHMe COBil¾eHHH CllrHaJI.OB 11/\51 BbI6paHHbIX AQn n 

BQn; 
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3) perncrpan;llil co6bITHH AB}'M.11 He3aBIICllMLIMII rpynnaMII 3c!AaHHblX 

KOAIIPOBIQIIKOB, KOTOpLie BIIYIJJII rpynnLI pa6oTaIOT B peJKIIMe COBric!AeHIIH; 

4) peJKHM, aHa.J\.OrwIHLIH TPeTheMY, HO c aHTIICOBilc!AeHllilMII MeJKA,y 

rpynnaMII; 

5) peJKHM, aHa./1.0rwIHbIH TPeTheMY, HO npII 3TOM,c',oAIIH IDlli A13a 

npeo6pa30BaTeNI .IIBNIIOTC.11 06IQIIMII MJ( ·o6enx rpynn. 11MeHHO 'TaKOH, peJKHM 

perncrpan;IIII Heo6XOAIIM MJl CA)"la.11, cxeMaTII'IeCKII II3o6paJKeHHoro Ha pIIc.3.2. 

~11~11~111 i 
<O 

cnEUJ,iAAf,HAR llIHHA ll3BM 

PIIC. 3.3 6AOK - cxeMa II3MepllTeJ\bHO - HaKOilllTeJ\bHOro MOAYNI 
MJ( llOHII3aqnoHHOH KaMepLI C ABYM.11 ceTKaMII. 

61.l<l> pa6oTaeT napa.J\.J\eJ\bHO c Ha6opoM CilIICOlJHOH IImpopMaqIIII II 

IIHTerpa.J\.I,HblX cneKTPOB B aHaAII3aTOpHOH naM.IITll. 

ECJ\ll 6AOK qIIq:>pOBOH <PllJ\l,TPaQIIH HCil0)\l,30Ba.J\.C.II B peJKHMe Ha6opa 

MaTPIIQLI, TO B03MOJKHa BII3YaAII3aqII.sI KaK Tonorpaq:>ll'ieCKOH KapTLI (puc. 8a), 

TaK II TPeXMepHOH KapTHHKH (pIIC. 86, B). 

ADl 
12? 

,i; 

64 

z = :I 

32 

0 
0 32 64 96 

F8: 
Sat-z 
F?: 
Auto 
F6: 
S•t-■ lda 

F3: 
Print 
FZ: 
A-data 
Fl: 
3"9r_, 
ESC:. 

to_,.., 

la? ADZ 

PIIc. 3.8a. Tonorpaq:>ll'ieCKa.sI KapTa MaTPIIQLI KO)\)\eKTop -MllIIIeHb Cl -

ceKqllll 

12 

Fl. : ratat■ 
Fa a nontal prln· 
F3 I doubl■ Pr'ln• 
ESC: to...., 

PIIc. 3.86. TpeXMepHoe II3o6paJKeHIIe MaTPnqLI KO)\)\eKTOp-MHilleH1, Cl -

CeKqllll. 

480 

320 

160 

0 
a 

ADl 

PIIc. 3.8B. To JKe, IlOBepHyTO Ha 180°. 

l1cno)\l,30BaHIIe pa3pa60TaHHLIX aBTOpOM 

67 

ADZ 
Fl. : ratat■ 
FZ : no,....I prln· 
F3 I c:laubl• prln· 
ESC: to ttanU 

annapaTHLIX cpeACTB H 

nporpaMMHoro o6ecnetJeHIDI no3BOJ\HJ\o 3q:>q:>eKTHBHO npoBOAHTJ> 3KcnepHMeHTLI, 

B KOTOpbIX 6e3 IlOTep1, pernCTPHpYJOTC.11 mecrn-napaMeTPOBLie C06LlTHlt C 

HHTeHCllBHOCTLIO 8x103 co6bITHH, a onepaTIIBHLIH KOffTPO)\I, OAHO - H 

AByxnapaMeT?OBLIX cneKTPOB Il03BOJ\HJ\ 3q:>q:>eKTHBHO HCil0.IU:,30BaTb pa6otJee 

BpeMH YCTaHOBOK. 
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OCHOBHhIE PE3YAbTAThl AI1CCEPT~l1l1. 

OCHOBHhle pe3y.l\l,Ta'rhl npeACTaB.l\.eHHOH AHCCepT~lill 3aKhIO'laIOTCH B 

C03AaHlill KOMil.l\.eKca 3.1\.eKTpOHHOH annapaTJPhI AMI ynpaBAeHIDI H K0HTp0.I\.H 

YC.I\.OBH:ii npoBeAeHIDI 3KCnepHMeHTa,. opraHH3~lill HaK0il.l\.eHIDI H 

npeAI3apHTe.lU,H0r0 OT6opa cnexcrpoMeTpWieCKOH HHq:>OpMruiHH, ynpaBAeHIDI 

BCeM KOMil.l\.eKC0M HCil0.I\.HHTeJU,HLIX MeXaHH3M0B PHAa cneKTp0MeTpOB. B 

pe3y.1U,TaTe 6hl.l\.H pellleHbl C.l\.eAyxo~He 3dAalJH: 

1. Co3AaHa M0AYJU,HaH CHCTeMa HaKOil.l\.eHIDI HHq:>OpM~lill B CTaffAapTe 

KAMAI< c AOilO.I\.HHTeJU,HOH "BHeIIIHe:ii MarnCTpaJU,IO"; 

2. B AHCCepTa:qHH npeACTaB.l\.eHbl pa3pa6oTaHHble aBT0p0M opHrHHd.1\1,Hble 

annaparnhle cpeACTBa AMI 

cneKTpOMeTpWieCKOH HHq:>OpMaQHH. 

pernCTp~HH MHOronapaMeTpOBOH 

3.TTpoBeAeHHhIH aBT0p0M cpaBHHTe.l\l,HhIH aHa.l\.H3 MeT0A0B Il0CTp0eHIDI 

MH0ronapaMeTp0BLIX CHCTeM HaK0il.l\.eHIDI cnexcrpoMeTpWieCKOH HH<popM~HH 

H CAe.l\.aHHhle BblB0AhI HMelOT npaKTWieCKyxo QeHHOCTb AMI npaBHJU,H0ro 

Bbl6opa peJKHMa HaK0il.l\.eHHH B 3aBHCHM0CTH OT 3arpy3KH H K0.I\.H'IeCTBa 

napaMeTp0B. 

4. ABTopOM pa3pa6oTaHbl AByxnapaMeTp0Bble QH<ppOBhle 

C0BMeCTHBIIIHe AByxnapaMeTp0Byxo QHcppoByxo q:>HJU,Tp~HIO H 

q:>HJU,Tphl, 

<pyHKQHIO 

3anycKa perncTpaQHH MH0ronapaMeTp0B0ro co6bITHH. TTpHMeHeHHe ycTpOHCTB 

QHcppoBOH q:>HJU,TpaQHH B MH0roMepHbIX cneKTp0MeTpa:x o6ecnetJHBaeT 

B03M0JKH0CTb npoBeAeHirn 0AHoro H AByxMepHoro 3Kcnpecc -aHa.l\.H3a 

HaKan.l\.HBaeMo:ii HHq:>OpM~HH HenocpeACTBeHH0 B X0Ae 3KCnepHMeHTa. 

5. Ha OCH0Be. pa3pa60TaHHLIX aBT0p0M 3.1\.eKTp0HHLIX 6.1\.0KOB H npH ero 

HenocpeACTBeHH0M YtJaCTHH C03AaHbl AeHCTByxo~ue H3MepHTe.l\l,Hble CHCTeMhI: 

AH<l>PAH, YXH, ycTaH0BKa AMI 3.1\.eMeHTHoro aHa.l\.H3a H PdAH~H0HHLIX 

HCC.l\.eAOBaHHH, ycTaH0BKa AMI H3MepeHIDI AJicpcpepeHQHd.1\1,HbIX celJeHHH 

pacceHHIDI He:iiTpoHOB HAPaMH Ha peaKTope HEP-30, ycraH0BKa AMI 

H3MepeHIDI HeHTpOHHLIX cetJeHH:ii H MH0JKeCTBeHH0CTH H3.I\.YlJeHHH npH 

B3aHMOAeHCTBHH He:iiTpOHOB C HAPaMH, H3MepHTe.1U,HaH CHCTeMa B CTaHAaPTe 

KAMAI< AMI MHoronapaMeTp0BLIX 3KCnepuMeHT0B, H3MepHTe.1U,H0 -

HaKOilHTeJU,HhIH M0AY.l\l,. MHoronapaMeTpWieCKHX H3MepeHH:ii AMI 

HOHH3~HOHHOH KaMepbl C ABYMH CeTKaMH. 
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KpoMe 3THX cneKTp0MeTp0B, pa3pa6oTaHHhle aBTOp0M CHCTeMhI HaK0il.l\.eHIDJ 

cnexcrp0MeTpWieCKOH mi:cpopMaQHH, ynpaBAeHIDI HCil0.I\.HHTe.1\1,HhIMH 

MeXaHH3MaMH HCil0.l\l,3yxoTCH B PHAe APyrnx cneKTp0MeTp0B Ha peaKTopa:x 

HEP-2 n HEP-30: "TToncK" MYP, KACor, <I>ABP, AH-2 n ABP, OXH, 

KACOfM. 

C IlOMO~blO 3THX H3MepHTeJU,HLIX CHCTeM npOB0AffTCH IIIHp0KHH cnexcrp 

q:>H3WieCKHX HCC.l\.eA0BaHH:ii Ha MHp0B0M yp0BHe. 

OcHOBHble pe3y.l\l,TaTbl AHCcepTaQHH ony6.I\.HKOBaHhI B pa60Ta:x: 

1. 3HMHH r.H., EpMaKoB B.A. OnepaTHBHoe 3anoMHHa:ro~ee yCTpoiiCTBo 

AHHaMWiecKoro THna eMK0CTbIO 4K*l6 6m: Coo6~eHHe Ol-UII1, 13-. 

12718, Ay6Ha 1979, Be. 

2. EMJKa r., BaCHH A.IO., )KYKOB r.n., 3HMHH r.H., EpMaKOB B.A., HaMcpaii 

IO., OCTpoBHOH A.11., CaBaaTeeB A.C_., · CMaMaTHH 11.M., RHKOBcKH:ii LSI. 

CHCTeMa KOMeKTHBH0ro Il0.l\l,30BaHIDI" Ha 6a3e BHeIIIHHX 3dil0MHHa:IO~HX 

ycTpOHCTB H 3BM THna CM-3: Coo6~eHHe Ol-UII1, pl0-80-825, 

Ay6Ha, 1980, 13c. 

3. 3HMHH r.H., EpMaKoB B.A., HaMcpaii IO. CneKTpOMeTpWiecKaH cncreMa 

Ha 6a3e MHKpo-3BM "3.l\.eKTpOHHKa-60": X MeJKAyHapoA. CHMil03HJM 

no HAepHoH 3.1\.eKTp0HHKe: 1980, APe3AeH 10-16 anpe.l\.H 

4. 3HMHH r.H., EpMaKoa B.A., Ko6epffA3e E.A. l1HTepcpe:iic 3an0MHHa:ro~ero 

yCTpo:iicTBa CM 3101 B craHAapTe KAMAK: Coo6~eHHe OI-UII1, pl3-

80-591, Ay6Ha, 1982, 7c. 

· 5. BaroB B.A., 3HMHH r.H., EpMaKOB B.A., l1H-OK, HHKO.l\.eHKO B.r., nonoB 

A.E., CaMOCBaT f.C.: l13MepeHHe AH<pcpepeHQHd.1\1,HbIX CelJeHHH 

He~oHoB HAPaMH Ha peaKTope HEP- 30: Coo6~eHHe Ol-UII1, p3- 82 -

770, Ay6Ha, 1982, 7c. 

6. EMJKa r., BaHAXaA3e <I>.,- E.I\.H3apoB 0.11., EpMaKOB B.A., 3MeCKH T., 

l1IIIMyxaMeTOB M.3., HaTKaHeQ 11., lfaBKHH B.11. AliCTaHQHOHHOe 

ynpaBAeHHe C pacnpeAMeHHblM HHTeMeKTOM AMI MH0roAeTeKTOpHoro 

He:iiTpoHHoro cneKTp0MeTpa KACOr - 2: Intern. Sympos. on Nucl. 

Electronics, XI. Sep 1983, Bratislava: ABSTYR. Bratislava, 1983 p xl/83 
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7. 3HMIIH f.H., EpMaKOB B.A. OneparnBHoe 3anoMHHaI01Qee ycrpoHCTBO 

AHHaMK'IeCKoro Tima eMKOCThIO 16K*24 6IIT: Coo61Qemie Ol-UIH, 10-

83- 194, Ay6Ha, 1983, 3c. 

8. foJ\JIKOB B.B., 3aMpHH B.H., 3HMHH f.H., EpMaKOB B.A., A~HKOB B.H., 
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