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Yqemrn ceKpeTapb jtftfk. 1,n_~rM ..... 
cne~zazpoBaHHorc CcBeTa ~ - ~-~ ld.~.n:e:xa'!eB 

OHIWI XAPAKTEPHCT 

AKTYS~HOCTb TSMU. iloHCK H H3yqeH 
COB SIB.11Jl9TCH 08MOCTOHT9.1Il>HHM H BaXllliM 

TapHHX qB.QTHU. CO Bp9M9HH KX OTKpHTRH ( 
CT8Bn9HO MHOrO 3KCll9pKM9HTOB, r~aBHoa : 
~0 06HapyxeHHe H HCC~9,ll0BaHH9 CTpaHHWC 
HHTepec npe,llCT8.B.IIliiJT HCC~S,llOBaHHJl pGJ!<.n' 
OTJm'!HS OT CT86H~HHX H KB83HCTa6~HU: 
CH nepBH'lHHM llpG,llYKTOM B38HMO,lleacTBHH, J 
H9llOCp9,llCTB9HHO Oilp9,ll9MIJTCJI M9XaHH3MOI 
,ll9HHD p930H8.HCOB OTHOCJITCH, qame Bcero 
K pGJ!I.nSHHIO KOHS'IHHX tJBCTHU. 

POJK.n9HH9 CTpaHHHX '18CTHU H pe30H81 
npoueccax c He6o~ll1HM nonepe'lHhiM HMnyJIJ 
KOHCT8HT8 CBJI3H), H K HHM HMb3Jl npHMSHI 
XO,ll, T.e. ll0~30BaTbCJl KBaHTOBoa XpoMO) 
T90peTH'19CKH9 OO,llXO,llH K HHM HMSIOT ~HOn 

HO~orzqecKHa xapaxTep. KoHe'!HHe xapaKT( 
THU l! pe30H8HCOB onpe,llSMIJTCJl .II.BYMH np< 
cTpaHHoro KBapKa H npoueccoM a.npoHH3alU 
KBapKaMl! (aHTHKBBpKaMl!) B p98JibHua a,llp< 
C pacnpocTpaHSHHSM KBapKa B ~epHOM BSU 

CT8BnHJJT .HHTepec HCC~S,llOBaHHJl poJK.nSHHJl 
.neacTBHHX. 

PacqeTHue 3Ha'!eHHH none pe'!Hwc ceqe 
B006me, C~HO 38BHCHT OT MO,ll9Jm pQJK.ne~ 

Me~ co6oa . AHa~orH'lHBJI CHTyaUHJI Ha~K 
MSHTB~HUX pe 3y~bT8.TOB - p83Jm'!HJl ,llOCT~ 

naxe B OpaKTH'19CKH O,llHH8KOBHX 06JIB CTHX 
OCHOBHHe ,ll8HHH9 , OC069HHO 0 poX,lleHHR q~ 

-1, 6u;m OO~SHU B fiY'!KBX CTpaHHUX qa C 
C aToa TO'!KH apeHHJI ,llBHHaH pa6oTa no H3 
M8JIO HCC~e.nyeMHX p930HaHCOB - B036YE,ll9H 
06Jia,lla!WI9r O KBaHTOBUMl! '!HC~aMH j p = 3/ 
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lommoro CcoeTa ~titt~ M ••• llm<a,.,B 

" 

OHUAH XAPAKTEPHtirHKA PJ\.bOTU 

.AxTY8JII.HOCTh TeMH. fiOHCK H HSyqeHite CTpaiiHbiX 'la.CTHU H p930H8H

COB RBHHSTCH CaMOCTOHTenbHHM H BaXHHM HanpaaneHUeM B ~SHKS aneMeH

TapHbiX <racTHU.Co ~peMeHa RX·OTKpHTHH (1947 r.) a ~o·cax nop 6uno no

cTaaneHo MHOrO 3KCll9pHM8HTOB, rJIBBHOi! HJIH UOOO'lHOii ll,enb"lo KOTOpLIX dH

JIO OOHapyxeHite a RCCJI9~0BaHH8 CTpa.HHLIX 'iBCTaU H peSOH8HCOB. 0Co6Hi! 

HHTepec npe~CTBBJIHIDT HCCJie~OBaHltH po~eHHH p830H8HCOB, llOCKOJlbKy B 

OTJIHtme OT CTadHJlbHbiX R KB83.HCT80HJII.HbiX 'la.CTllU OOJI.blllHHCTBO HX HMHIDT

CH nepBa'lHHM npo~KTOM B38HMO~ei!CTBHH,a xapa.KT8pHCTHKH .HX po~eHRH 
H9ll0Cpe~CTB9HHO onpe~eJIHIDTCil M8X8HaSMOM B38aMO.D.SilC.TBM. 11MeHHO K pOlK

~8Hlt!O pe30H8HCOB OTHOCilTCil, 'Ia.Jil8 BCero, TCOp8Tlt!'iCCKae pa.C'l8TH, a 118 

K po~eHIIIO KOH9'IHLIX tJBCTHll,. . 

Po~eH.He CTpa.HHLIX 'i8CTHll, .II peSOH8HCOll npoacxo.zm:T B T.·H. 11 MSll'KidX 11
, 

npoueccax C HeOOJlbl!IHM Iionepe'lllhlM aMnyJibCOM ( COOTB8TCTB8HHO OOJI.blllM · , 

KOHCT8HT3 CBRSR), R K HHM H8Jlh3il TipHM8HHTb 'i!t!CTO IIep'ryp68TliBIWH llO~

XO~, T.e. TIOJlbSOB8ThCil KBaHTOBOll XpoMO.lmH8MliKOll. !!OSTOMy 'ia.Jil9 Bcero 

T90p9Tli'IElCKR8 TIO~O~H K HliM HM81DT !fJeHOMSliOJIOrl!'tecKHil .HJIR TIOJIY!fJeHOMe

HOJIOr.H'i8CKHll X8paKT8p. KoHe'l:HHe xapa.KTepHCTliKH po~eHM CTpa.HHbiX 'I8C

TR11, H pesonaHCOB onpe~eJIHJOTcH ~YMR npouecca~ru - npoueccoM p~eHHR 

cTpa.HHoro KBapxa R npoueccoM ~oHHaauau- o6be~eHite ero c.~pyrHMH 

KBapKaM!t! (aHTRKBapKaM!t!) B peaJibHHii ~poH. MexaHHSM ~HR38ll,IDI. CBR38H 

C pacnpocTpa.H8Hli8M KBapKa B ~epHOM BemecTBe - TaKHM 00p8.30M npe~

CT8BJIIDJT RHTepec RCCJI8~0BaHHil po~eHM '!BCT!t!ll, B a,npOH:-~epHbiX BSaRMO-

,neiiCTBHHX. · . • . • 

PactteTiiue suaqeH.HR nonepe'lHHX ceqemlii poJK.D.eHHR cTpa.HHbiX <racTHU, 

B006~e, CRJibHO saB!t!CilT OT MO~eJIH p~8Hltil a cymecTBeHHO PaSJIH'IaiDTCil 

M8ll!,ey co6oll. AHaJIOrR'lll8il CRTyau.WI Ha6JIIQI488TCH u npli aHaJIHSe SKCnepR,;.. 

M8HT8JlbHbiX pesyJihT8TOB - pasJIHtmil .D.OCTllr8IDT OOJibille_ nop~ BSJIH'IHHU, 

.Il8lK8 B npa.KTR'lSCKR O.D.HH8KOBbiX OOJiaCTHX :meprli!t!. CJie.nyeT OTM8TRTh., 'ITO 

OCHOBHU8 .D.8HHU8, OC008HHO 0 JXllK,Il,9Hli!t! tJaCTUU. CO CTpal!HOCThiO.q. MSHLilleil 

-I, OHJIH llOJIY'ISHH .B ey'!Kax CTpaHHbiX tJaCTIIU, K8K npaBRJIO, I\ -M830HOBo 

C 3TOt:i TO'iKR spei:IIiJi ){ain{iur. ·pa60T8 llO R3y'i8HHIO O,nHOrO RS OTHOCRTS.'II>HO 

M8JIO IclCCJie.nyeMUX peSOHaHCOB - Bo30~8HHOro 5 U~ -C.HHrJI8T8 J\ (1520) 1 

OOJI8.Il81Cill8rO KBaHTOBHM!t! 'iliCJI8MH j p = 3/2:; HMH8TCH aKTyaJibHOii: 

Obl>t"l!J>li~iiHLiil r.acnrryr I 
~.n~~!lld.t w:c.'~lOSiUI!lfi 
6MSJI~!OTEHA 

~.-.... ~ 



B CBll3H C STHM BaJKHO UO.Jzy'IRT:& HOElle ,ttaHHHe 0 po~e.HIDl :11 pacna,Ite 

CTIJaHHOI'O pa30H8HC8 1\ (I520) Ha HyKJIOHHUX lly-<ntrue H B WUpoKOM ,ttHana-

30H6 :3Hepr:Wi 1 B TOM 'l.HCJI6 H B 06JlB.CTH 3Hepr:Wi cepnyxOBCl\01'0 ycl\OpH

T8JJ.fl• Ycnemoe npoBe,ttelllie no,tto6Hux R3MepeH:Wi cBSlsaHo c coBepmeHCTBO-:

B8HH8M MeTO.ttRKH aneKTpoHHUX sEcnepzMeHTOB. PeweHHro STHX sa.tta~ H no

cBRmeHa HaCTO~H ,ttHCCepTaUHOHHaH pa6oTa. 

Ue;n,ro pa6oTu meTca: 31\cnepRMeHTam.Hoe onpe,I{eJieHHe ce'ieHHH 

poEAeHHn A(I520)-pesoHaHca BO BSaRMo,tte~cTBHRX He»TpoHOB co cpe.ttae» 
.J 

sueprzeil oKoJio 40 rsB c H,ttpaMH yrJiepo,tta, a.JiiiiUIHWl R Me~;. zcCJie,ttoBa-

HHs.~sMa-rn-q;ecl\HX H ,ttliHaMli'iSC!\HX xapaKTSpHCTmt po~eHRH pesoHaRca; 

,ttaJil>He~WSS IJa3BRTliS K COBSpweHCTBOBaHRS MHOI'O'iaCTH'iHOI'O H MHOI'OAeJIS-,. 

:OOro .cne:wrpoMeTpa me-2 ,II,llH HCCJISAOBaRKH cTpaHHUX. 'iacTxm, noacRB. a 

K3Y'iSHHH.O'iapoBaHHUX 'iaCTK~ K ysl\HX TBXS~ pS30HaHCOB. 

HOBR3Ha pa60Ti1 onpe,ttSJJ.fl8TCH TSM, 'iTO: 

- Bn6pBUe llQnY'iSHU SKCUSpHMSHTaJI:&HHS ,ttaHHlle o·~e'iSHliH pOZ,ttSHHa 

1\ (I520) Ha Hyl(JIOHHOM ny'iKS UpH 3H8pi'lU1X CEipnyxOBCKOI'O yCKOpHTSMi 

- BUSpB11e OUpS,tteJISHa 38BRCHMOCT:&'STOI'O CS'iSHRH OT aTOMHOI'O BeCa 

Mpa~eHHj'HCC~8,ttOB8HI1 AJiH~SCKH6 R·RRH8MaTR'i6CKHS xapaKTSpHCTH~ 
KH pssoHaaca; 

~ Ha 083S aHaJIHSa pa60TU CllSKTpoMeTpa ElfC-2 COS,ttaHa H'HCCJI8,tt0Ba-

• Ha MO,ttliqmtauaH · MHOI'OllpOBOJIO'iHOH · nponoplJ.ROHWibHOi! ·· ItaMSpll; 'a· .. Ta!OKS' Ha- · 

Oop HOBUX aH8KTpoHHllx ycTpOHCTB ,II,lla CHCT8MH npe,I{BapHTSJI:&HOI'O OTOOpa 

("TpHri'SpllOH" CKCTSMU) co6UTHH cneitTpoMeTpOM<oHC-2, llOSBOJI./WIIH:e llO.tt
HJIT:& Ha OOJiee· BllCOKHH .. ypoBSHb pa6oTy TpHri'epHO~ CHCTeM!l K . cneKTpoMST

pa B~eJIOM B SKcnspHMeHTaJibHUX HCCJIS,ttOBaRKJDc'a,I{pOHHllX.B3aHMO,tt6HCTW; 

COnpOBOlit,ttBeMUX ~eHHeM CTpaHHUX, O'iapoBaHHUX H SK30TH'iSC!\HX 'iaCTlW, 

RpeSOHaHCOB. 

Hav'iHaR sHa'iKMOCTb a npaKTH'iec:Kaa lleHHOCTb pa6oTu. ·rrOJIY'ieHilus 

HOB!ie 9KCUSpKMSHT8JlbHUe ~RHUS 0 nonepS'iHOM ceqsHRR po~sijRfi. ACI520)• 

psSOHaHCa Ha HYKJIOHHOM·llY'ilte llpH SHSprHHX OKanO 40 fsB I/, 'a TaKES 0 .. ' ' 

KRHSMaTH'i6Cl\HX H ,ttliHaMK'iSCKHX xapaKT6pHOTKRB.X polE,IteHHH STOI'O pS30HaH-

. ca, MOI'Y'l'. 6~T~ HCllOJib50BaHI1 ,ttJJ.fi YTO'iHe:HWi TSOpeTHtiecl\HX MO,lteJISii, Oll.ltf

Cl1Ba~ UOBe,tteHHe peSOHaHCOB, a TaiOKe UpH UJiaHHpoBaHRH H npoBe,tte.HIDl 

HOBI1X SKCU8pKMSHTOB. 
Cos~HHUe MaTsMaTn'iecl\Hs nporpaMMu o6pa6oTKH H aHaJIKsa sxcnspH

MeHTaJibHux ,ttaHHUX Ha SBM, a TaK!te nporpaMMH .n.na aHaJIKsa pa6oTu TpHI'

repHon CKCT8MI1 cneKTpoMSTpa, B TOM tiHCJIS pesyJI:&TaTU MO.JieJIHpoBaHKH KC

CJie,ttyeMI1X npo~eCCOB M6TO,lt0M MoHTS-Kapno,OKa3aJIHCb BSCbMa llOJI83HI1MH 

AJI.f1 COTPY,ltHK'iSCTBa EMG-2 npa aHaJIHSe Best! coBOKYfiHOCTR aKcnepKMSHTaJib

Horo MaTepRaJia. 
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PaspaOOTaHHaH H BHe,ttpeHHaa B COCTaB CllSKTpoMeTpa ffiC-2 Tp9XKO

Op,ttKHaTHaH npqnopuaoHam.HaH KaMspa c maroM HaMOTKK CHrHam.HUX npoBO

JIOlvi H 2:MM. /Z(,;llOSBOJIHJlB.: llOBliCHTb KOOp,ttKHaTHyiD TO'iHOCT:& OllpS,ttSJIS

HHH BSpwHH OOpaSOBallliH MHOI'OTpSKOBliX COOUTHH. 

HcCJie,ttOBaRKB. ~6-oTu cK~Ts1dH ~pe~aPaT~oro oT6opa c'o6uT~. 
cnexTpoMeTry mr-2, paspaooTKIULBBe.tteHRs B ss ·cocTaB HOBuX. JiorR1iec

KKX 6JIOKOB ~7 . nosBOJIHJIH OOJise onspaTHBHO MO.ttHqiDJ;i!PoB8T:& JIOrmty, pa-

6oTu TpHITSpHO~ .CKCTSMI1 '(B 'iaCTROCTa, pewsoBaTb OoJiee. cJIOl!Uille . aJ:r_; 
ropaTMll OT6opa coOHTain , a TaKllte n:o.ttaHTb Eoa~eHT oT6opa coouT:Wi. 

B pesym.TaTe yt.~eH:&mRJJac:& ,ttOJJ.fl !lQHoBUX- co6uT.Idl B. srumcaH!!oM ;nepBR'iHOM 

SKCllSpaMeHTaJil>HOM MaTSpHaJie, 'iTO llpHBO,ttHT ;. , . , 

- K COKpaill8IDIIO KOJIK'i8CTBa Mar.HRTHUX JISHT K BpeMeHH Ha SBM, He

OOXO,ttHMI:lX .n.na sanaca 'a oopaooTKK sKcnepHMsHTaJ!bHOI! RH<i>?PMaiJ;Im; • . 

- R llOBllWSHHID CKOpoCTK HaOOpa 3KCll8prnMSHTaJil>HI1X ~aHHux K ~K-
THBHOCTK pa00Tl1 cneKTpoMeTpa Ha. ycKOpaTeJie ~il1B3 ( CepeyxOB) .• . 

Anpo681.U!JI H nyO~Igill.IDI• _PesyJri.TaTU~ . BOWe-s B ,!tRCCS}lTal.ij{ID, ,ttOl\

JlB.,tti1BaJIH.Cb H o6c~Cb Ha paOO'iHX COBenlaHHSIX CoTpy,J:UiriecTBa Hid-2, 
Ha HaY'JHllX H MeTo.ttnecl\HX ceMHHa.pax JIB::J Ollil}! H IDlliH3 Iilli; Ha acecoros

HOM C8MHHape no aBTOMaTHSaDnH HaY'iHUX HCCJie,ttOBaHHH ~ HOBOC~6RpCKe ·<Iffizr.>.;· · ;· · ·· · ···_. ·· ·.·.··· 
0CHOBHI1e pS3YJibT8Tl1 ,ltKCC6JYX~ ony6JIKKOBaHU B pa6oTax ~~-?/. 

ABTop sammnaeT: 

. I. SKcnepKMeHTaJibHUS .ttaHHue o po~e.HIDl 1\ (l52o)-pssoHaH~a B. 
> • 

HS~TpoH-MSPHllX B3aHMO,tte:I!CTBW npK.SHeprKH Hei!TpoHOB - 40faB • . . 

2. KoMII.JieKC MaTSMaTH'i8CxRx, ~porpaMM ,ttJJ.fi 06padOTKK H aHaJm3a STHX 

3KCUSpKM6HTaJil>HllX ,ttaHHI1X, a TalOltS ,ttJIJi HCCJie,ttOBaHHa paOOT!i.~UeKTpoMST

pa. 

3. COs.ttaHHe a pssym.TaThl HCCJIS,ttOBSHM pa60Thl nponopuaoH8.n:&Hoi! 

KaMepu C maroM CR!'Ha.ln:.HI1X npoBOJIOK I MM. 

,,, 4 •. PemeHHe H•eKOTOpllX OOllntx BOUpOCOB aHaJIHSa pa60T!l CKCT6Mhl nps,tt

Bapl!Te~HOI'O OT6opa (CIIO) C06UTHH; paspaOOTRa H HCCJie,ttOBaHHe ~a 
ycTpollCTB; npe.IUiasHa'ieHHUX ,ItJI.R: YJJY'!!IlSHHH pa00Tl1 crro. . . 
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CO,llEPli!.AHME PAB>Ttl 

,URccepTSUWl cocTonT na BBe)J;eHWi, mecTn l'JUlB, aax.n:meHWi n Tpex 
np:wroxem. ·. ,, 

Bo BBeAeHRH KpaTKO paCCMaTpll:BaDTCH c~eCTBy~e TeOpeTH~eCK:Il:e 
npe)J;cTaBJieHWi 0 CTpaHliHX ~aCTIDI.aX li pe30HaHCax, OCHOBaHHHe· Ha KBap
KOBO~ MO)J;e.mi. ilpll:BO)J;ll:TCH KpaTKJrli 0630p OCHOBHHX 3KCnepll:MeHTaJil.HHX 
,ItaHHHXnO nOHCKY.H H3y~eHHIO B036yJK,IteHHQrO CTpaHHOI'O pe30HaHCa 
J\(1520). Oco6oe BmiMaHHe y)J;e.n:eHo oonpocy po:a;,:qeHWi aTHX peaoHaHCOB 
B a)J;poH-aApoHH1lx'BaaHMO)J;encTBHax. OTMe~eTca cey)J;oCTb axcnepl!MeH~ 
T8Jll>HHX )J;aiDmx; nOJI~eHHHX Ha HyKJIOHHHX ~, HX OTCYTCTBHe B 06-. 
JiaCTH aHeprnn _cepnyxoBcxoro ycKOpaTeJIH n npK aHeprHHX EHWe aHeprHH 
ISR'. a·TaRXe c~eCTBOBaRHe HeKOTOporo npOTHBOpe~ Me:lK,Ity TeopeTH
~ecKHM:Il: npe)J;CKS38HHHMH li axcnepHMeHTaJibHUM:Ii ~HHUM:Ii~ 060CHOBHBaeTCH 
aKTYaJIDHOCTb )J;ll:CCepTall;H'OHHOn pa60TH li $PMYJlll:poBaHH .9CHOBHHe ee ~e
Jlll:. ~eCb ze nOK83aH8 CTPYKTypa )J;ll:CCepT~OHHOti pa60TH li ee CO)J;ePEa-

HHe no rJiaBaM. 

B nepBon l'JiaBe KOHKpeTH3:1ipoBaHH O~~OBHHe xapaKTepHCTHK:Ii, KOTO
pHMH )J;OJIERa· o6Jla)J;aTb axcnepKMeHTaJIDHaa ycTaHOBKa )J;JlH ncCJie)J;OBaHWi 
cTpammx ~acT~ H peaoHaHcoB. )J.aHo 'ormcamie cnexTpoMeTpa me-2~ ·Pac
CMOTpe_ HH )J;eTeKTO_ pu, wrexTpoHHaa annapa~ypa. pa6oTa cixcTew ripe)J;Bapli-

~ . I. . , .. 

TeJli>HOI'O OT60pa C06HTHi, Cll:CTeMH C60pa )J;aHHHx, Cll:CTeMH KOHTpoJIH H yn-

paBJieHWi. .. . 
SKcnepl!MeHT Bwo.riruJJrca Ha HeiTpa;il,Hotit n~e KaHaJia '4H cepnyxoB

cxoro ycxopKTeJIH. Ha pKc.I npaBe)J;eHa 6Jiox-cxeMa pacnoJioxeHWi axcnepK-· 
MeHTaJI!>HOn annapaTypH Ha KaHaJie. 0CHOBY cnexTpOMeTpa COCTaBJIHJlli: 
cneKTpOMeTpK'IeCKJd Mal'Hll:T. Cll-40; Cll:CTeMa nponOpUROHaJI!>HHX KaMep (PC) t 

~ca KOOp)J;l!HaTHHMH )J;eTeXTOpaMK cneRTpoMeTpa; l'O)J;OCKOnH CURHTHJI
JIHUROHHHX C'leT'IHKOB (HI,H2). ITOTOK HenTpoHOB KOHTpoJIHpoBaJica ~e~TpOH
HIDII MOHHTOPoM (Mo). KpoMe TOI'O, B cneKTpOMeTp BXO)J;ll:Jlli ~epeHKOBCK:Il:e 
C'leT'IHK:Il: nOJIHoro norJiomeHWi H cncTeMa MHOI'OKaHaJIDHHX noporoBHX raa.o
BHX 'lepeHKOBCKHX C'leT'IHKOB, HHilJo:(USUWl C KOTOpHX B )J;aHRO:ti pa60Te He 

HCnOJI1>30BaJiaCb. 
· He60Jll>Waa npKMeCb (OKOJIO 2%) sapalteHHHX ~c~ B ~e HetiTpoHOB 

HC~Cb li3 axcnepHMeHTa C noMO~D C'leT'IHKa aHTHCOBna)J;eliHA (A). 
Hl.myJIDCHHn CireRTp Hei!TpoHOB ~ no lflopMe 6Jlll:30K K _l'ayCCOBOMY CO 
cpe)J;HHM 3Ha'leHHeM ..., 40 raB/c li 6""' 15 TaB/c. Cpe,ItHJIH HHTeHCHB-
HOCTb ~ COCTaBJIHJia - (2+5)•106 HeiTpoHOE/URKJio'llHTerpaJI Mal'HHT
HOI'O llOJIH COOTBeTCTBOBaJI H3MeHeHHIO nonepe'IHOi KOMnOHeHTOti l!MnYJli>Ca 
sapgxeHHHX ~cT~ Ha 0,64 raB/c. HetiTpoHH B3BHMO)J;eicTBOBaJIR c MHWeRDIO 
JizaueTpoM 6 cM ns yrJiepofE\s Wrn.nm:wi HJIH Me)J;H c TOJllllHHOi, onpe)J;eJIHe-
MoD BHpaxeHHeM T = 3,4·A I r/cM2• · 
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PHc.1 .EJiox-cxeua cnexTpoMeTpa .ffifC-2. 

· C:licTeMa oT60pa co6HT:l!A :Tpe6oBaJia npoxolit,ll;eHHa ~epes cneKTpoMeTp . 
He MeHee 'leTapex sapalteHHHX ~cT~. llHifloruauna. nocTynaKI!Iaa c )J;eTeK
TOpoB · ClleKTpOMeTpa; pel'll:CTpRPoBaJiaCb 3JieKTpoHHOii annapaTypoi, neJ?e-
)J;a~Cb B SEM H aanHcUBaJiacb Ha Mal'HHTHae JieHTa. · 

ITpe)J;cTaBJieHHHe pesyJIDTaTH OCHOBaHa Ha )J;aHHHX, n~eHHHX npK 
Tpex · axcnos.HD;WlX ·. criexTpoMeTpa ,· xoTo:pue pasJI:Ii~Jlll:Cb pacnoJio:ateillieM n 
napaueTPaMn )J;eTeKTOpoB (nponopunOHaJI!>HHX KaMep (IlK)) , llOMpHOCTbiO 
Mal'HHTHOI'O llOJm B CIT-40, p!:iCllOJIOEeHHeM. TOJIIIUlliOil li aTOMHHM Be COM MH
meHeil~ Pa3Jlli~ sxcnepiMeHTmHHX ycJiomtn noaBOJIMli 6oJiee TO'IHO o~e
HHT1. Cll:CTeMaT:Il:treCK:Il:e Omll:6Kll: •. 

3apemcTplipC>BaHO Bcero· 2I ,5•106 HeilTpOH:-H.It~~HHX l33aHMO)J;eiCTW. 
CyMMapHaa CBeTHMOCTb COCTaBHJia (I6,278±J,I6)·I~ CM-2/a)J;pO (C,Al li 
Cu). 'llpaBHJIDHOCTb MeTo.ItlOOi R:3Mepem 6HJia npoBepeHa nyTeM nsMepeHRa 
ce-qem Jio:a;,:qeHWi pH,Ita mnepoHoB: A , 2_:t(I385). :=;-. 7i. n )J;pyrHX. 
llo~eHHHe BeJlll:'IHHH OKa3aJI:Il:Cb B XOpomeM COOTBeTCTB:Iili C MHpOBHM:Ii )J;ali

HHM:Il:. 

BTopaa l'JiaBa nocBRllleHa o6pa6oTKe H aHaJIHsy axcnepll:MeHTaJI!>HHX )J;aH
HHX C ~eJli>IO BH)J;eJieHHa CHI'HMOB J\ (1520)-peSOHaHCa • .lJ,a.Ho Kp8TKOe OnH
CaHHe nporpaMM, xcnoJli>ayeMHX npK o6pa6oTxe, oMcaHa npoue)J;ypa Bl:l,l{e.1e-

5 



mra 1\ -rnnepoHoB za nepmNHHX ,1U1HlWX no pacna.u.y Ha npoTOH H OTpli
uaTeJIDmil! nHOH, a TaiOKe npo:ue.eypa BH.ItMeHHJl /\(1520) no pacna.u.y Ha 
f\ -rnnepoH, nOJIOl!WTeJil>~ ll OTpmr,a.TeJil>mil! nl!OHH. ilpHBO,wiTCJi reoMeT
pH"ieCIWe :H IWHeMaTH"iecime o6peaaHHJl (KpzTepu BH,D;eJieHHJi), zcnOJ.li>aye
MHe Ha ~OM 3Tane o6pa60TKH- reoMeTpH"ieCKaH peKOHCTpyKUHJi.C06H
THli, . noHCK "HeilTpaJil>HHX BWIOK" ( vo ) -BOSMOlEHUX paCIIa,!tOB f\ , BH,D;e.ne-
HHe C06UTHil Tpe6yeMOH KO~ypa:u;HH. . . 

HccJie~oBaJIOCb ~aHBHoe p~eHHe peaoHaHca B peaK:u;aHX Tnna: 
,.J 

nA - /\(i520)+ X 
L,. 1\ rr+ rr

L.:. rrP . 

3apsDiteHHUM "iaCTHIJ;aM npl!ImCUBaJIHCb Ta6Jm"iHHe ,3Ha"ieHM Mace • 
1\-rHnepoHH BH,D;eJIJlJmcb B ~e yaKoro nRKa B cneKTpe· ~KTHBHUX Mace 
~yx aapa:eHHUX "iaCTHIJ; B npe.ItiiOJIOllteHU, 'iTO O~a zgt miX npoTOH, a 

BTOpaH - OTpHIJ;aTeJIDmil! IDIOH. Tpe60BaJIOCb, "iT06U TO"ilta MWmMaJIDHOro 
C6JmllteHHJl (Bepmma) TpaeKTOpd "iaCTl!I:U, 06paayJalli!X BWIKy 1 HBXO,IUIJIB.Cb 

B·o6~CTH pacn~oro o6~eMa. Ha pac.2 B Ka"ieCTBe npl!Mepa npaBe~eH 
cnexTp HHBapllaHTHHX Mace 

3 
•10 .---------------, .. 

u ii'i 1,75 

M C prr·) ,IVISI V o, sapel'KcT

PHpoBaHHUX B o~oil :113 axcno
s~. I:irJ:teH "leTKHli czrHaJI, 
COOTBeTCTByJ:Illd Macce f\ • 
CneKTp aimpoKcHMHpoBaH.pac
npe~eJiemreM Taycca CO Ope~ 

3Ha"i~HlleM Maccu, ~BHUM 
(1II5,4..0,2) MaB/o2 H 6 = 

"' L-

:g 1,5 
0 
0 

0 
....... 
z 

1,25 

1, 

0,75 

0,5 

0,25 

0, 
1 '11 1,114 1,118 1,..122 

M(p11-), raB/ c2 

P.Hc.2 CneKTp HHBapaaHTHHX Mace M(prr-). 

6 

= 1,8 M;B/ c2 , 'iTO HBXO,Itl!TCJl 
B xoporueM oor~cu o peayJil>Ta

TaMH pBC"ieTOB MeTO~OM MOHTe~ 
KapJIO. 3a f\ llpliHllllllaJIROb vo, 
y KOTopmc Macca M ( pn--) oT

JIH"iaJJacb OT Ta6Jia"iHoro SHa"ie
HliH Maccu He 60Jiee, "ieM Ha 

? UaB/ o2• YpoooHD tl><>Ha no~ xm
KOM B yKaaaHHOM HHTepBaJie COO
TaBJIILII OT 10 ~0 20% ,IVISI pa3.1IR"i
HOrO HMe~eroCH aKcnepl!MeHTaJID

Horo MB.Tepaa.na. 

>II 

.llrul nozcKa. peaoHaHca 6wm OTo6paHu co6uTM, co~e~e 1\ z 
He MeHee ,·: "iel\11 0~ nOJIOUTeJIDHO ll O.n;Hy ?TPHv,a.TeJIDHO 3apmteHHHe 'laC
~~· Tpe60BaJIOCb, "iT06U BOCCTaHOBJieHHaJl BepWKHa B3aHMO~elicTBKH,06~ 
paayeMaH BCeW TpaeKTopl!JlMH BTOpil"iHUX "ia.CTHIJ; (BR.JIDtiaJI. (\ ) , HaXO~:
JiaCb · B · oOJiacTl!I. MHDieu. KpoMe Toro, Tpe6oBaJIOCh :, "iT06!i: · cy}.waPHaJi · 

. 3Hepl'Ka· CliCTeMH f\ :Jr+Jr'"" He npe:ewna;ra 65 TaB •. CiieKTpu liHBBPHauTHHX 

Mace c:~~cTew 1\:JC+Jr- noKaaaHu Ha pllc.3, 4. Bo BCex pacnpe~e.nemmx 
'. 

I'Rc•3 

"u 70 40 
;;;-
~ 6()~ 
0 

. ~ - a) .I J5 f- n. • 5) 

~ 
• 50 I AIJIIIILJIII __ I JO 

·>: 

~ 40 I 
JI\Vf • M H\.,11 I 25 

::t 
I u ' 1 IIlii~ I 0 20 

"' oJO 

~ I II ~111111 I 15 

20 

10Lf. 
-~l 10 

5 

CneKTpU HHBapllaHTHHX Mace CHCTeMU.f\:rct-tr- 1 llOJIY"ieHHHe B nep
BOft (a), BTOpoli (6), TpeTbeli (B) 3KCll03RIJ;aHX cneKTpoMeTpa; 
r) - CYMMapRUM cneKTp. 
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~J 

•· >B 06JiaCTH ·MaCCU I5G0 
· ~ MaEV c2 Ha6JI!l,ItaiOTM ys

:rme llHKH - CHr~ OT . 
'· ·pacn"a.~ta ··I\ (I520). Cnex~ 

TpU annpOKCHMHpclBanHC:& 
r~a.ItimMH ~: c~ 

· HM - <J)yH!ameii lipeiiTa
Bimiepa R qx>H - iPYIOOni
eit A1 exp(A2.m).(m-A~ )A4, 

r,Ite m - Macca 1\:rr+.rr-
·cncTeMU, AI+A4_- coo6o.It
HUe napaMeTpu. Ycpe,ItHeH
Hoe no BCeM cneKTpaM sHa
'!leHHe MaCCU 1\ {I520) r
HO (I522,9+I,I) MaEVe • .. -G yqeTOM sxcnepmMeHT~-
Horo paspemeHRH mHpHHa 
pesoHaHca 1\ {I520) ~BHa 
(I6,~,5) MaEVc2 • 

PaccMoTpeHU BOSMox
HUe HHTepnpeTaiJ;WI Ha6Jm
,Ita6MUX UHKOB. CTaTHCTR
-qecKHe ~TyaiJ;WI li M6TO
,ItH'Cl6CKHe npa'llHHH B03HHK
HOB6HRH UHKOB Sa C'll6T' 
oco6eHHocTet! axcenTaHca 
ycTaHOBKH ~ pa3MHOX6-

. ,,;HHJI Tpa6KTOpHii 'llaCTH~ 

;. RC~CJI. llCKJDO'Il6Ha. 
TaiOKe · B03MOXHOCT:& i 'liTO 

Pll:c.4 CneKTpu KHBapHaHTHHX Mace CHCT6MH 
1\ir+.:rc-, nOJIY'Il6HHU6 B TpeT:&eii 3KC-. 
nosHUnH cnexTpoMeTpa: a) c yr~e
po,ItHo~; 6) c am:wnmeoot!; B) c Me.It
Hot! Mmllerun.m. 

· llHKH fWIIOTCJl IUlli6MaTH
'116CKHM OTpaxeHR6M H6KOTO
poro .ItOCTaTO'IlHO ysxoro 
COCTOJIHHJI B,ItPyrOii MaCeO
BOil KOM6,HHaiJ;WI, COCTaB
~eHHOit H~ TeX xe Tpa6KTo
pd 'llaCTHu. OUeHeH B03-
MOXHUii BKna,It pacna,ItOB He
KOTOpux ,ItPyrHX CTpaHHUX 

p630HaHCOB B UHKH. llpaB6,It6HHU6 ~esy~TaTU CBH,IteT~CTByDT 0 TOM, 'liTO 
Ha~~ae~ B pat!oHe I520 MaEVe nHK B cnexTpax ~KTKBHUX Mace co
OTBeTCTByeT pacna,ItaM B036ym,~teHHoro J\(I520)-p630HaHCa. 
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II 

· B · TpeT:&et! rJiaBe. paccMaTpHBaeTcJI MO.IteJWpoBamxe HCCJie,ItyeMUX npo
~eccoB M6TO,ItOM MOHTe-Kapno H onpe,It~6HH6 OCHOBHUX xapaKTepaCTHK'YC-~ 
TaHOBKH - paspemeHne no HMny~caM sapJilKeHHux qacTIU.\, paspemeHHe no 
~KTHBHUM MaCCaM H 3~6KTHBHOCT:& perHCTpaQnll HCC~6,Ity6MUX npo~eCCOB • 
0nHc8Ha npo~e,Itypa H npnBe.IteHu pesy~TaTu onpe,It~eHHJI xapaxTepacTHK 
npo~ecca poX,IteHRJI 1\ {I520). · 

llpn MO,It6~0BaHIDl: C nOMOIIU>IO npo~e,ItypU peKOHCTpyKlUU:!, l3ltJl!Oq8!00(6H 
B ce6JI WHTHpoBaHHe~napaMeTpoB TpeKOB, BOCCTaHa~~C:& napaMeTpU 
'!aCT~. Ba3HOCT:& onpe,It~6HHOrO npH peKOHCTpynpoBaHHH H HCTHHHOrO na
paMeTpOB WHTHpoBaHac:& rayccoBUM pacnpe.Ite~eHHeM. Cpe,ItHee PaSpemeHHe 
no s@JeKTHBHoi! Macce .ItM /\{!520)-pesoHaHca (pacna,Itai!llleroCJI no xa
HBJIY~ f\Jr+J'C) COCTaMJieT ~ 8, 7 MsEVc2• BK.lla.It B 3TO paspeweHHe ,ItaiOT 
paspemeHHe ·TIK H·xY~OHoBcxoe·pacceREHe B MHWeHH, B Be~ecTBe cnexTpo~ 
M6Tpa H B B03,ItyXe • 

~ Mo.IteJWpoBaHoc:& HHKJDOSHBHoe poX,IteHHe 1\ (I520)-peaoHaHCoB B co
OTBeTCTBHH c napaMeTpasa~en ,ItH~pe~~Horo ce'!leHHJI: 

E. (d~tr/dp 3 ),,._. fCx).exp(-Bp~) , 

r,Ite ffx) - pacnpe,ItM6HHe n<? We:llliMaHOBCKOH nepeMeHHoii pOX,It8liJIU!XCJI B 
a,ItpclH~HHUX B3aHMO,ItetlcTBHiix 1\ {I520)""pe30HaHCOB - napaMeTpH30Ba
~OCI:i B o6.iracTl!i WparM6HTa~' H3B6CTHOii w~en l f - X) N • Pacna,It 
1\ {I520) MO,Ite~pOBaHCJl B COOT_Be'TCTBHH C WB30BUM 06'b6MOM Tpex '!aCT~. 
YllKTUBanHC:& yc~OEHH 3KCnepHMeHTa H KpaTepHH OT60pa C06UTRH. 

B'peay~TaTe cor~acoBaHHJI cneRTpoB npo,Ito~Hux HMny~:&COB axcne
pHMeHTa.ii:&HuX co6uTnt! c AJ.IteJmpoBaHHUMH 6~o onpe,Ite~eHo . aHa'!leHHe na
pa:MeTpa N = 2,0~:§ · I.~· Pacnpe,Ite~eHne Ha6JI!l,ItaeMux t\(I520) no 
npo,It~HOH COCTaB.lUlDI{e:B HX HMny~ca B ~.O.K. { p .. ) , nOJIY'Cl6HHOe noCJie 

. BU'IlHTSHHJl qx:ma, npHB6,It6HO ~ Ha pHC • 5. fWro onpe,It~eHO, 'liTO npo,ItO~HaJI 
COCT8MJli!liiEt~ m.iny~COB1 perHCTpHpyeMUX 1\ (I520)

1 
COOTBeTCTByeT X .1ll 0,3. 

llsMepeHHe :X ~cnexTpa ·BaXHo· .ItnJI onpe,Ite~eHHJI nq~oro ce-qeHHJI poX,IteHRJI. 
pe30H8HC8 .B CBJI3H C ~HO~ 38BaCKMOCT:&IO 3~6KTHBHOCTH perHCTpaD;WI 
OT B~'llHHH Wet!HMaHOBCKO~ nepeMSHHO~ (pac.6). , 

Pacnpe,It~eHHe'no p~ Ha6mmaeMUX B sxcnepaMeHTe /\(I520), no
JIYlleHHoe noc~e BU'Ill!TaHHJI WOHa H xoppe~~ Ha reoMeTpH'!leCKYJO ~KTRB
HocT:& cneKTpoMeTpa, ~KTHBHOCT:& Tpnrrepa, nporpaMM ~ peKOHCTp~ H 
OT66pa,· noxaaaHO Ha.pHc.7. OHO xopomo annpORCHMHpyeTCJI w~e, I 

.exp (-Bp~) npH aHa'!leHHH napaMeTpa B = (3,5,;t0,4) {rsB/c)-2 I • 
· ll~eHHUe aHa'!leHRJI napaMeTpoB N H B HaXO.ItJITCJI. B cooTBeTCTBHH 
C H3BeCTHUMR 3KCn6PHM6HT~HUMH peay~T8TaMH, a TSKX6 C npe,ItCK83aHHJI
MH HeKOTOpUX nepHW6pH'IleCKHX H MHOrOKOMnOH6HTHUX T60p6TH'!6CKHX MO,Ite
~e~. 
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PHc,5 Pacnpe~aneHZe Had~e

r,;ux . I\<I520) no . p~ 
(TO~ C OWR6KaMR) H ero 

annpoKCHMaiJ,Wl MO~annpo
BaHHHMH C06HTRHMK (cnnow-

. ~ ; . l ~ 

HaJI JlWiiDi) • . . 

~ cpe~e~ BanH~ none-
. .J pe'IHOfi KOMUOHeHTH HMllym.'ca po:a.

~eHHHX B SKCllepHMeHTe J\(I520) 

UOJJY'ieHO (pT) = (0,47,±0,03) 

raEVc. CoOTBeTCTBY~ peay~ 
TaT . .ItJIH /\ -rnnepoHoB :B a:Kcne

pHMeHTax Ha ycTaHOBKe EHC-2 
( PT) = (0,48,:t0,03) raB/c. 

CTOHT OT¥eT~TD O'i8HD XOpowee 

COBU~eruie B npe~eJiax OWRdOK 

3HB'l:ElHd < PT > .ItJIH 3THX (H 
~ BCeX CO ~TpaHHOCTDD~I) 
'l:aCTHU .R pe30HiuiCOB, 'iTO, BH.IUI

MO, CBH3BHO C,M~Xa~3MOM pmt,IJ;e

HRJI 5 -KBapKa • 

~eKTHBHOCTD perHCTpauKH 

MOlltHO npe~cTa:imu .B ~e npoua
Be~eHZJI· "reoMeTpH'iSCKOil" aqqieK

THBHCfcT.i cneKTpoMeTpa, _a4.xfle~THB
. ' HO.CTR Tp!fi'f~p!iO~ CHCTeMH H aq>-

, . --~~TH~?c,~~.'peitot!~~P,~ ~-,~a-

1, 

Xr 

Jmaa co6HTd. BL!ro ycTaHOBJieHo, 

'iTO ~CHOBHYD 'aaBKC~obT:b·' noia6~ 
'. aqxpeKTHBHOC~H . OT. npo.Iio.Jll.Hoii' H 

PRe. 6 ~KTRBHOCTD perxcTpa-
. mm t\ (1520) cneKTpoMeT

poM B 3BBHCRMOCTH 'OT . . .. 
~ei!HMaHOBCKOfi nepeMeHHO~ 
.ItJIH: nepBoi! (mTpxx-nyHK

Txp), BTOpo~ (riyHKTHp) H 

TpeTDSM (CllJIOWHaJI JIHHZJI) 
3KCU03KURM cneKTpoMeTpa. 
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PHc.7 

I. ~. . ' ,. 

I ~+ 

E f 

o, 0,2 0,4 0,6 0,6 1, 

p~. (raB/cY 

• nomipe'IHOii KOMnoiieHT _ m.IDy:ill,ca 
/\(I520) BHOCHT·reoMeTpR'ieC~ 

KaJi a<W!eRTHBHOCTD, llp!.i'l:SM .. 

CHJIDHee 3BBHCHMOCTD OT BeJIH'l:H

~, npo~OJIDHHX ~IIY~.c.o~_.. Sami
CHMOCTD a@!eKTHBHOCTeil TpHI':
repHOii CHCTeMH H peKOHCTpyK~ 

I.J;IUi OT BeJIH'l:HHH llpO~OJIDH~ro' 
, m.myJIDca B OdJiaCTH- 3KCllepHMeH

T8JIDHO Had~aeMHX HMnYJIDCOB

(15+55 raB/c) · He3HB'l:HTWHa, 
a·aaBHCHMOCTD'OT BanH'OOIH no

nepe'l:Horo HMnyJIDca llpaKTK'ieCKH 

OTCYTCTByeT, O~aKO ... 3TH aq>- . 

~KTHBHOCTH B aHa~r~Ho~ cT~
neHZ 38BHCfiT . OT *KTRBHOCTH 
~eTSKTOpOB.· 

, qeTBepTaJI rJiaBa noc~eHa 

Pacnpe~eJieHZe n~ p; HadJixmae- naMepeHZD nonepe'!Horo ce'l:eHZJI 

MHX codHTliM nocJie KoppeKI.Um Ha polK,IIeHHJI. A (1520) • OnxcaHa npo-

aKcenTaHc ycTaHOBKH. ~e~pa n llPJ.iBe~eHH·peayJIDTaTH 
BH'iKCJleHHil HHKJID3HBHHX ceqeHHi! 

poJK.neHWi /\ (I520) B Had~e
ivloii odJiaCTH no X n p; Ha daae nepBH'l:Horo MaTepHaJia Tpex aKcnosu

I:J.Rii ycTaHOBKH. PaccMaTPJ.iBaeTcJI aaBncHMocTb cetieHHJI pOlK,!4eHHJI oT aToM
nero 'Beca MmueHR H 3KCTpallOJIJilJ,Ril ilOJIY'i8HHOrO ceqeHHJI Ha Hyl\JIOH B'- od.,. 
JiaCTD'nepeMeHHoii ~ei!HMaHa oT 0 ~o I • 

Ilonepe'l:Hoe • ceqem{e polK,IIeHZJI /\ (:1:520)-peaoHaHca Ha ~po MaTepxa

Jia MIDUSHZ B '"llli.nl!Moil!' CllSKTpOMeTpoM OdJiaCTH (0,3 ~ X ..::. I) onpe~eJIJI-
JIOCD COrJiaCHO BHpa:a>eHZD · •.· 

6= N. w I ( L. &. Br-.-. Br-2) 

r~e N - 'l:HCJIO Had~eMwt pacna~oB /\ (1520), w - BecoBHe ~TopH 
YMeHDWeHHJI 'iHCJia Had~eMHX coOHTnil us-sa KPHTep!.ieB-OTdopa, L- cBe-
THMOCTD YCTBHOBKH, paBHaJI . n ( T· N 11 / A ) , r~e · n - UOTOK Hei!TpoHOB 1 

npowe~ 'l:epea- MHWeHD, T - TOJIIIUIHa MHWeHR, Nn - 'iliCJIO ABor~, A -
8TOMHHi! .BeC R,IqlB MIDneHH, & - aqxpeKTHBHOCTD perHCTpal.Um /\ (I520) 

ClleKTpDMeTpoM, KOTOpaJI paBHa llpOH3Be~eHHD reoMeTpH'i8CKOii ~eKTHBHOC

TH ClleKTpoMeTpa, aqxpeKTHBHOCTH TpzrrepHOil CllCT8MH H ~KTRBHOCTH pe
KOHCTpyruJ;IDl, Brt H Br-2 - ~OJIH pacn~oB 1\ (I520) Ha /\.1(" .. !1(- x /\ 

Ha par- • ilOJiy'l:eHHHe peayJIDTaTH llOKB3aHH B Ta6JI~efl/. . 

II 



Ta6Jllll{a 
:3Kett. :• .. ' · L , ' ···· 
(MH-:- ;r' xio34 N 

:. X ~ 0,3 _ _ 0 ..: X ..:. I 

meHI>) ·· 
•.! '. ~ l ' ' 

6'/JW>Q, ' 
MK6 

6/HyKJI..' 
MKCl 

6' /HYKJI. , MK6 . 
MO~.A MO~.~ 

I (C) 8,2' I84.±2I, 7 ·z (C) ·- B,3B 97.;ti5,9 
3 (C) 0~~8 '45.±10,2 

I32,t$,;ti5, 7 25,3j;3,I 90,0,;ti0,8 69 ,2,;t8,3 
II6, 7,;ti9,2 22,3_±3, 7 79,I,±I2,9 60,9,;t9,9 
2q2,4,;t49,'4 38,6j;9,4 I37. 5,±33. 3 105,8,±25,6 

ep.G 139 ,B.;tii, 8 24,9.;t2,3 88,5.±8,0 68,I,±6,2 
3 CAl) 0,54 33_±10,0 
3'(Cu) 0,27 37.;t9,3 

269, O.;tBI, 5 30,6,;tS,3 109 ,I.±J::i,1 8J,9,;t25,4 
' 567. 6,±42, b 3'5, 7,;t8,8 12'1, 1.:tJI, \1 97. 7,;t24,5 

epe)J;Hee 396_±32,3 25,9.;t2,2 9I,8,;t7,6 70,6z5,8 

Iiepexo~ K · eetiemno Ha H;iluroH e~eJiaH B npe.rtrroJioxemm, tiTo ee'!eHHR 
Ha ~ax nponOPnHOHaJIDHH A273• STo eorJiaeyeTen c axenepKMeHTaJibHHMR 
~aHHI11\lli, ns ~6Topwc, npe.rtrro.Jiaran saBHcKMoeT:b · 5- A r:J. , ~ eTeneH-
Horo noxasaTeJIR HaH~eHO o/. = 0, 6j;0,2 (pnc.8). to 

'd..' 

0,9 ~; 
0,8 

0,71"' ' 

0,6 ~ 
0,5 

'··r 0,3 

0,2 

0 '1 

0 0,2 

j 
I -1 

~- ] 

~ 

Pnc.8 CpaBHeHHe SHa'!eHHR napa-
MeTpa o( , nauylJ:eHHoro 
-~ A-saBHcHMoeTn ce'!e-

. HHR polK,ll;eHHR f\ (1520)-
pesoHaHCa·B HameM axcne-
pHMeHTe (TO'!Ka npn X = 
= 0,56), CO 3HatieHRRMH 

_aToro napaMeTpa ~ WR-

;;: poxoro KJiaeea o6HllHHX n 
CTp~ 'laCTim, Upe~-
eTanneHHoro annpoKeHMH-

c pyEI!Iea KpHBOil o/. (X J = ,;" 2 = 0,?4 - 0,55x + 0,26x • 

CJie~eT 38M6THT:b, '!TO SKe
. nepHMeHTaJI:bHWC ~ammx o eetieHH-

JIX polK,ll;eHHR 1\ (1520) B HYKJIOH-
0,4 o,6 0,8 1,0 HHXny'lK8X~ 06JiaeTH X< 0,5 

X HeT. ilOSTOMY ~ SKeTpan~ 
B 06JiaCT:b 0 <: X <: 0 3 npe.rtrrOJia-

raJIOe:b, 'ITO CelJ:eHHe B STO:l! o6JiaeT.R SaB.ReHT OT X KaK (1-X) 2 (MO~e,m, A~ 
~60 OHO noeTORHHO (MO~eJib E). ll~eHHHe 3HalJ:eHHR eetieHHi! polK,ll;6HHR 

- · /\(1520) -~ Been o6JiaeTn x > 0 noxasaHH B noCJie)J;HHX ~yx KOJIOHKax 
Tac5Jnmu, r~e Olli.R6KH yxaSaH!l TOJIDKO CTaT.ReT.R'l6CRHe. CneTeMaT.RtieeRHe 
OillR6K.R, eBRSaHH!le C H6TOtiHOeT:biD H3MepeHKR CB6THMOeTH H C MO~eJihHoa 
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Heonpe~eJieHHOeT:biD BlltiHCJieHWI a@JeKTRBHOeTH cneKTpoMeTpa, He npeB!l
mam 25% yxasaHHwc B Ta6JI.Icme Be~tiHH. 

Oue~a sHatieHWI nonepetiHoro cetieHHR polK,ll;eHHn 1\ (1520) Ha HyK- . 
JIOH B·nOJIHYD KHHeMaT.R'lecxyD o6JiaCTh -I< x <I saTpy)J;HeHa ns-sa He
cKMMeTpntiHOCTH n ~ -pe'ruaimr. JJ.mi rpy6oro cpaBHeHKR ITOJIYtieHHoro pe
sy.m;TaTa (npn vs = I0,1 raB- no MO~e~ b) c ~Bywi.H3BeCTHHMR MOJK
HO CtiRTaT:b, 'ITO B 06JiaeTH ~I < X < I CetieHHe B ~Ba pasa BUWe YKa3aH
HOro B Ta6JI.Icme - p.RC.9. llyHKTHpHM KpRBaR Ha pneYHKe ~- annpoxeHMaiJ;WI 
axcnepHMeHTaJIDHllX pesy.m;TaToB ~en 

.~ . . A 
o= At [C V5- Vs.)/ < A2 + (Vs- VSo lJ] 3 

r~e Vs - :meprWI 'laeTKu 
HHe ~ pollt,lJ;eHWI 1\ {1520) , 

B c.IJ;.M., '{5. - ee noporoBoe sHatie
A1~A3 - cBo6o~e napaMeTpH, n~eHHHe 

3Ha"l6HH~ KOTOpllX COOTBeTCTBeH-. 
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"' 

'HO I36Q±542, 33,2;t2,9 .II I,3.± 

.:..103 

,,-~------
0,2. Ilp;iMoe cpaBHeHHe ~aHHHX. • 

MelK,ll;y co6on HJIH_c TeopeTHtiec
KHMH npe~cxasaHHRMH saTpy)J;He
HO ~OM qaKTOpOB ~ HeTO"lHOCT:biD 

lei 

10. 

10 1 

, 
I 

''/ 

' I 
I 
I 

, 
,' 

/ , 
,r' 

,' 

SKCTpanOJIHIJ;HR ceqeHKif pOllt,lJ;eHRLq 
Ha JJ;D;pax .II ceqeHHi! polK,ll;eHHR Ha 
HYKJIOH8X, HeTO"lHOCT:biD SKCTpa
noJIHIJ;HR ee'!eH.IIE B ITOJIHYID o6-
JiaeT» no x, a TaKJKe CWil>Hoii . 

'10° 10 1 102 

saBneKMoeT:biD pesy,m,TaToB ysxo
anepTypHHX axenepHMeHTOB OT 
npe.rtrrOJiaraeMHX xapaKTepneTHK 
pOllt,lJ;eHWI. · 

"/S,(rsB) 

Pne.9 MHRJIDazBHHe nonepetiHHe eetieHHR B TIRToil rJiaBe o6eYllt,lJ;aiDTen 
po~eHHR .I\ (If?20) B HYKJIOH-Hp<- H6KOTOpU£! acneKTU eoBepmeHCTBo-

1. , .. JIOHHHX B3a.llMO~eiieTB.RJIX. ll~pBaR BaHHR cnElKTpoMeTpa EMC-2. Ilpn
,, .· H TpeT:bR TO"lK..l - np.ll Vs = 3, 5 'Be~ElH!l peayJI:bTaT!l .llCCJie~OBaHWI 

raB .II VS = 62,3 raB eOOTBeTeT- npoeTpaHeTBeHHoro paspemeHWI 
BeHHo. • eneKTpoMeTpa B o6JiaeTR'MHmeHR. 

Ha npHMepe ~eJieHHR .II neCJie~o

BaHHR npoueeeoB THna HHKJno3RBHoro pollt,lJ;eHIDi /\(I520) B!lllOJIHeH aHaJIRs 
pa60TH CReTeMH npe~pHTeJIDHOrO OT60pa eo6HTHfi H OIJ;eHeHH qaKTOpH, BnHR

~e Ha ee pa6oTy.·~B.RHYTH eOOTBeTeTBy~e npe.rtrrOJIOJKeHWI no YJIY"lill6-
HHID STHX X8paKTepneT~· eneKTpoMeTpa. 

B meeToil rJiaBe paeeMaTpHBaJOTen · peaJIHaaiJ;WI H HeCJie~o:samrii MeTO.IUI
tiecKHX paspa6oToK, HaMetieHHHX 'B rJiaBe 5 ~eeepTaxi.tm H Hani,JannimHmc Ha 
~a.m;He:l!mee pa3BliT.Ile eneKTpOMeTpa EMG.:-2. llpHBO,IUITCR KOHeTpyxiJ;Wi (pReoiO) 
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~•,:m: .~, .. ',. ~ 

_a) oJ 
· PRc.IO 06UIR! mm (a) K paspes (6) nponopn;ROHaJil>HOit KaMepu: XI,X2 -

cm'HaJI])HLte 3J!6KTIJO,Itli C BepTmtaJil,HO pacnOJIOll6HHLIMl! npoBOJIOKa
Ml!, Y -. CHI'HaJI:LHLtil . 3J!6KTpo,It C ropK30HTSJll.HO pacnOJiolt6HHLIMl! 
npoBoJIOKaMKi H){· K Hy - BLICOKOBOJIDTHLte 3J!6KTpo,It!i, COOTBeT
CTBYIIIUle YKaSaHHLIM CHI'HSJll.HLIM ~eKTpo,ItaM_. 

•10 3 'I'Kc.II Pacnpe,IteJieHKe co6LtTW! 

· ·~ 3.2~·· _ ·--- I no tmCJIY TpeKOB, Hat.i-
!:: · . . ,It6HHLIX nporpaMMOit 
1l 28 

·. "'g · , A j . . reoMeTputtecKoA peKoH-
2_4 1 CTpyroi.ml: CIIJ!OIIIHaJl 

· g 1 i 'ii .1IKHWI - sanycK cneK-
·t; I , ~--··-
v 2. r- ' 
:T I o 
:s:. i ; : _____ r--

TpoMeTpa TOJ!l>KO OT 
CllO (6es npoueccopa); 
npu Tpe6omunm 
peweHKH npoueccopa 

(§ 1.6 u· __ f '-/ • ! I _,_ · I i 
1.2 _ _j 

I :····· 
I : 

I I ' 

. 

0;4 
~ 

0.8Lf-:·----· "''"--

0. . . ..!. 
0 2 4 6 8 10 

YHC/\o TpeKoB B co6btTI-1l-1 

( 'll!CJIO Hai!,Ite.HHLIX Tpe
KOB): "'!!:I" (llyHKTKp
Hasl JIWIWI) , " :!:: 2" 
( oceoosr .IIKHWI) , " :: 3" 
(TOtiKaMH). 

H ,ItaHLI pesym.TaTLt HCCJ!9,It0BaHKSI 
nponopuaoHam.Hol KaMepu c wa-
rOM HaMOTKH . CRI'HSJll.HLIX npoBO

J!OK I MM /2/. PaccMoTpeH Bonpoc o6 yJ!YtiWemm npocTpaHCTBeHHoro paspe
weHKSI Cll6KTIJOM6Tpa B 06JiaCTl! Ml!W6HK C Dpm.i9H9Hll9M 3TOH KaMepa,a TaiOK9 
BOnpoca YJ!YtiWeHKSI pa6oTLt Tpu:rrepHoit cRcTeMLt cneKTpoMeTpa - paspa6oT-
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KOit l! · RCll0~30BaHl!6M CJ!6,eyl!IIlRX: JIOrRtieCIWX 6JIOKOB: .MaJ!tOpiiTapHaJI CX6Ma 
COBlla,It6W· 3/ C llOBLIW6HHLIM 'll!CJ!OM -BxO,ItOB (3I), ll03BQ.11SiilllaH pa60TaT:& 
C 6o;ree ysKHMH ro,ItOCKOlll!'l6CKHMH llOJ!OCKaMH Ti~repHLIX ,It6T6KTOIJOB•Cll6K
TpOMeTpa; nporpaMMHpyewit;Jio~ttecm 6JioK I Ha I7 BX,O.ItOB .ItJISI peMn
sauaR R onepaTl!BHOit MO,ltK~·J!Orl!'l6CKHX wyHKUl!M OT6opa C06LtTRt.i; 
6LtCTpo,IteitCTBYIIIUIA npoueccop· 5 , ,BLI.It~ C06L!Tl!SI no pa3HOCTH tm~ 
CeJI ttaCTRU, npowe,Itllll!X "lepes liJ!OCROCTH .ItBYX>llpollOpn;ROHaJIDHLIX KaMep; 
cneD;HaJIH3RpoBaHHLIA npoueccop /G, 7/ .ItJISI oT6opa co6uTRii no tmCJIY Boc
CTaHOBJieHHLIX B BepTHKSJll.HOit IlJlOCKOCTH Cll6KTpoMeTpa llpSIMHX Tp6KOB, 
:wm.rnm:e KOTOporo Ha OT60p C061iT~ llOita3aHO Ha puc.II. 

B saRJIJJttemm CWOPMYJIRIJOBaHLI ocHoBHLte pesym.TaTLt H BUBO.Itli ,ItKccep
TauaR. 

OCHOBH!iE PESY:.l.lliTATH H BtffiO)Ul ,I:(HCCEPT.A4illl 

0CHOBHLI6 pesym.TaTLI pa60TLI, Haiii6.Itllll16 OTpruK6HK6B HaCTO.flllleii·.ztiic-
cepTaD;HR, MOll!HO ·cwopMYJIRIJOBaT:b CJI6,Ityi<IIU!M o6pa30M: . 

I. llOJIY"leHLt aKcnepu:MeHTaJI])HLte .ItaHHLte .o polK,IteHl!l! A (1520)-peso-
HaHCa Ha HeitTpo.HHOM nytiK6,R .npl! 3H6prRSIX cepnyxOBCKOrO YCKOpHTeJISI: 

a) B cneKTpax sqxpeKTHBHLIX Mace Aft"+.Jr" BI;I,IteJieHLt xopowo o6ec-
. netteHHae cTaTHCTRtiecKH cRrHaJILt o.T pacna,Ita 1\ (I520)-pesorullicoB, IJOX
,IteHHLtX B_HeitTpoH~SI,It6pHLIX B3aRMO,IteitCTBHSIX llpu cpe,ItHeit 3H6prRH HeitTpO
HOB OKOJ!O 40 raB; 3aperRCTpiiiJOBaHO 396j;32 C06!iTl!il i 

6) Hait,IteHo, ttTO Macca pesoHaaca paBHa (I522zi,I) MaEVc2 K ero 
llOJ!HaJl WHpRHa paBHa (I6, 5+3, 5) MaB/c2; STU BeJIUtmH!i HaxO]VlTCSI B xopo-

'weM COrJiaCRH C MJlPOBUMK ,Ita.HHUMK. , 
2. HcCJie,ItoBaHLt KRHeMaT:attecKUe R ,ItRHaMwiecKUe xapaKTepucTKKH pollt

,IteHKR pesoHaaca: 
a) KHBapuaHTHoe cetteHKe RHKJIJJ3HBHoro pollt,IteHUSI A (I520) B Ha6Jm

,ItaeMol o6JiacTR ( p; = 0,8 ·(rsB/c)2 u x :'!!: 0,3) annpoKcKMHpyeTcsr sa-
BHCHMOCT:&Il (EjP,..A~t) • (dl6 I d p~d x) ,.... exp(-:IJ p~ ) •(i -x )N npu sHa-
tteHKSIX napaMeTpoB B = (3,5_±0,4) (rsEVc)-2 a N = 2,o.:S:§ ; 

6) onpe,IteJieHa cpe,ItHSISI BeJIUtiRHa nonepetiHoro KMnym.ca pOJK,u;e.HHLIX B 
YCJIOBH.HX 3KCll6puM6HTa ACI520)-pe30HaHCOB- <Pr> = (0,47,±0,03) raEVc. 

3. HsMepeHo cetteHRe poE,D;eHUSI A<I520) Hel1TpOHaMH np:~~ cpe,ItHeil sw
WSKTRBHOII aHepr.~m B c.u.M. '{§ = IO,I raB: 

a) llOJIY'l6HLI MO,IteJil>HQ-H63aBHCHMLI6 B6J!R'IHHLI nonepetiHoro CetteHRSI 

poE,D;eHKH AU520) np:a x ~ 0,3: __ _ • 
- Ha SI,ItpaX yr;repo,Ita: 6 = (I30,8,±II,8z28,8) MK6/SI,Itpo; 
- Ha SI,Itpax aJin.mHWI: 0 = (269,Q±8I,5z59,2) MK6/H.Ii.po; 
,... Ha SI,Itpax Me,ItK: 6 = (567,6,±42,5;:ti24,8) MK6/SI,Itpoi · . 
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, , 6) H3MepeHa saBHCHMOCT:r:. ce'leHRSI, pOJK,JteHIDI. A (I520)-pe30HaHCOB 
OT aTOMHOrO BeCa JJ,Iijl8 MHineHR; I10Ka38HO, 'ITO OHa OnHC!1Ba6TCSI CTeneH-
H!1M saKOHOM o ~A~ ,· npH sHa'leHHH napaMeTpa .cl..: = 0,6+0,2; 
- ·- , B) Ha OCHOBe H3MepeHHwc Be.JIH'IHH Ce'leHRSI .. polE,IJ;eHRSI Ha JI,IUlO H sa-. 

BHCHMOCTR C6'l6HHSI OT 8TOMHOro.Beca Mlllll6HH OIIpe,IteJieHa·BeJlll'lUHa Ce'le-
HHSI· polK,Il;eHRSI A(1520) Ha HyKJIOH, Cpe,ItHee 3H8'l6HHe KOTOpoH B OOJlaCTH 
0 <• X <: I B paMKax paCCMOTpeHHWC MO,IteJieH paBHO 

6 (x ~ 0) = ( ?0, 6+91, 7) M!to/HyKJioH • 
" ... J . ' ' . 

4. C.IteJiaHo cpaBHeHRe poJK.IteHHSI :A (I520)-peaoHaHCOB c . poJK.IteHHeM 
A -r.anepoHOB B YCJIOBHSIX SRCnepHMeHTa EHC-2 ( 0 cA )/ o'< A (I520)) = 
,;, 12,5_±4, ?) H COIIOCTaBJieHHe UOJIY'l6HHWC pesyJI:bTaTOB C H3MepeHHSIMH ,ItByx 
H3B6CTHI1X 3RCI16pl!M6HTOB np:a M6H:bWHX H OOJl:bWHX &HeprHSIX. 

5. llpoBe,IteHo :acCJie.ItOBaHHe npocTpaHCTBeHHoro paspemeHHSI cneKTpo
MeTpa H pa60T!1 

1
CHCT6M11 npe,ItBap:a'reJI:r:.'Horo 6T6opa C06!1THH. llpe,ItJIOllteH 

CIIOC06 1I II8p8M6Tp11, .. C IIOMOIIU>IO KOTOp11X MOlltHO OU6HHTI>., paOOTy &TOH CHC
T6M!1. QpopMyJlllpoBaHH ROHKpeTHHe npe,ItJiollteHID! no coBepmeHCTBOBaHHIO cneK-
TpoMeTpa IillC-2. . 

. 6. Pa:3pa6oTruib! · ~ :acCJie.ItOiiaHH CJie~e ycTpoiicTBa: · 
. . a) TpeXKOOp,ItHHa THBJI nponopUxOHaJl:bHaSI. KaMepa C . marOM HaMOTKH . CRr

~Jl:bHI1X npo_:BOJioK 'I: o u 2, o ~, ooecnetmi3810lll8ii y.IIJ''lilleHHe To'lHocT:a Jio
RaJIHsann:a Bepm:aH B3aRMO.IteiicTBHH HeftTpoHOB IIY'l:Ka c HYKHOHBMH ~ep·MH~ 
ill6HH B Cpe,ItHeM HB ~.30% R n03BO~SI ,ItOCTRrHy~:r, KOO~aTHOe paspe
illeH:ae: 

- no X: (0,08.tO;OI) eM; 
- no y: (O,IOj;0,02) eM; 
- IIO)Z~: (2,08+0,05) CMj 
6) MalltOp:aTapHa; CXeMa COBIIa,IteHHSI Ha 3I BXO.It C BpeMeHeM 3a,It6plltKH 

M6H:bille_43 HC, n03BO~aSI pa00T8T:b C OOJiee y3KHMH rO,ItOCROIIH'l6CRliMH 
nOJIOCKaMH ,IteTeRTOpOB CllQ H, COOTBeTCTBeHHO, YJiyqwHT:b npOCTpaHCTBeHHOe 
paspemeHHe c:acTeM!1; 

B) IIporpaMMHpyeMUll JIOrH'leCRHH OJIOK Ha I? BXO,ItOB C BpeMeHeM sa
.It8plltKH M6H:bille 25 HC, npe,ItOCTa~ B03MOlltHOCT:b peaJIH30BaT:b JIOr:a'leC

. Kll8_. lPYHKDnll OTOOpa li MO.ItHQiu:u.HpOBaT:b liX onepaTHBHI1M 00pa30M BO BpeMSI 
&RcnepHMeHTa; 

·r) 6!1cTpo,ItencTBYKmllH npoueccop, oT6npaKmHil co6!1TliSI no pa3HOCTH 
'IKC6Jl 'l8CTHU, npome,ItWHX 'lepes IIJlOCROCTH ,ItByx nponOpUHOHaJl:bH!1X KaMep; 

.It) cnell;IIaJIHs.apoBaHHilll npoueccop, Bll,ll;eJISIKmilll co6HTHSI no 'IKCJIY npSI
MI1X TpeKOB B O,ItHOll llJIOCKOCTH cneKTpoMeTpa, n03BOJlSIKmllll YJIY'lillHT:b B 
Cpe,ItHeM Ka'leCTBO 38IIHCI1B86MOll HHiiJoPMall;IIli B I,5 pasa (B 38BHCHMOCTH OT 
pelitiiMa padoTu). 
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EoJl:r:.illHHCTBO C03,ItaHH!1X·ycTpollCTB BHe,ItpeHO B COCTaB cneKTpoMeTpa 
ffiC-2. ilpaRTH'l6CKaSI l{eHHOCT:b pa3pa00TOK 38KHIO'l86TCJI B TOM, 'ITO liX 

HCnOJl:b30BaHHe n03BOJISI8T CHH3HT:b ypoBeH:b qoHa ,ItJlSI OCHOBHI1X HCCJle,ItOBaB
liiHXCSI Ha BfC-2 npoUeCCOB C HaJIH'lll6M yo, 'ITO Cylq6CTB8HHO IIOBI1illaeT 
~BCTBnTeJI:bHOCT:r:. .a ~eKTHBHOCT:r:. pa6oT!1 ycTaHOBKH. 

OcHoBHHe pesyJl:bTaTu ARCcepTaugR ony6JlllKoBaH!1 B pa6oTax: 

I. KpacTeB B.P., A.neeB A.H., Ape~eB B.A. H .ItP• Pollr,IteHHe. J\ (I520) B 
H~TpOH-~epH!1X B38liMO,It6llCTBHSIX np.H :meprnn HeHTpoHOB ,.., 40 ra.B. 
OIDM, P1-88-3I, ,1Jy6Ha, 1988. 

2 • .Ea.1raH.Itmi B.n., Bepem II., ••• , KpacTeB B.P. H .ItP· llponopll;IIOHaJI:bHaSI 
KaMepa ~ maroM HaMOTKH CHrHaJl:bHI1X &JleKTpo.ItOB I MM. ORHll, 13-86-
445, ,1Jy6Ha, 1986; IIT3, I98?, J~ 6; c.32. 

3. EucTpo,IteHcTBYKmHll napaJIJieJl:bHilll c'leT'IKK. Ol!Hll, I0-83-?I4, ,1Jy<5Ha, 
1983; IIT3, 1984, ~ 6, c.9I. 

4. KaJIHHHHKoB B.A., KpacTeB B.P., lfnKHTIOK H.M. YnpaBJISieMilH Jior.a'lec-
1tHll 6JIOK .ItJISI 6ucTporo oT6opa co6HTnii. Oll.ffi1, II-84-234, ,1Jy6Ha, I984. 

5. rpe6eHIDK B.M., fyC:bKOB E.H., •••• KpaCTeB B.P. n .ItP• EuCTpllH npo
ueccop ,ItJlSI OTOOpa C00!1THE no MHOllteCTB6HHOCTH 'laCTHU~ BTopoft BCe
COI03Hllll ceMHHap no aBTO~TH3all;IIli H8YllHux liCCJle,ItOBBHHll B ~epHOR iiJH-
3l!K6 Ii CMelltHI1X o6JracTJIX - TesHcu .ItOKHa.ItOB.Vl3.It •. WI <II CO AH CCCP, 
HoBocH6npcK, I982, c.69. 

6. KaJIHHHHKoB B.A., KpacTeB B.P;, lfjr,ItaRoB B.A. EucTpo,IteilcTBYKmllll cne
unaJIHsnpoBaHHilH npoueccop, Bll,ll;e~ co<5HTM no 'IKCJIY IIpSIMI1X Tpe
ROB •. llT3, I986, ~ 3, c.I05; Ol!HM, PI0-85--252, ~6Ha, I985~ 

?. ryc:r:.RoB E.H., liBaH'leHRO ll.M., ••• ,· KpacTea B.P • .a .ItP• EHcTpo,Iteft
cTBYJCIItHH TpeKOBilll npoueccop. OIDM, I3-8?-4I9, ,1Jy6Ha, I98?. 

!' 

PyltODHC:b IIOCTYIIHJla B HS,ItaTeJI:bCRHft OT.IteJI 
8 iiJeBpaaa I988 ro,Ita. 

17 


