


OBbE,llilliEHHilli IDICTMTYT HJJEPHHX HCC.JIFJlOBA:Hffii 

Aa6opaTO~iff BRCOKHX 3HeprHH 

X.Y .A6paa.Msuf£, B.B.Apxm:roB, P .r .AcTBa.u;a~oB, 
C.E.BacRnbeB, B.M.HsbropoB, B.A.~HB~sex , 
r.~.MenKy.MoB, c.H.ilnRmKeBx~, c.r.PesHRKOB, 

M.H.Xa~aorypRH, A.C .lJBHpOB 

IDIKJ.l103KBHOE OBP AaOB.AID1E yt0 - ME30HOB B 
PE.AKill'lli d + C - '1_ 0 +X IIPI1 11MIIYJI1CE 9 raB/ c 

• 

[-:sr=~ 
)Ty6Ha,I985 r. 

* MocKOBCKR~ rocy~apCTBeiDIRI YHRBepcRTeT 

x> EpeBaHCKRI rocy;n;apcTBemiR~ YHRBepcRTeT 



A H H 0 T A. U ki .fi 

IlpRBO;D;.ffTC.ff npe,:n;BapHTeJibHHe pe3yJI:b'I'aTH 3RCnepHM9HTaJI:bHOrO HCCJie

;D;OBaHH.ff HHRJII03HBHOrO o6pa30BaHH.ff '1- M930HOB, o6pa3yiOJ&KX:C.ff B pe-

3YJI:bTaTe B3amw;n;e!CTBH.ff ;n;e!TpOHOB C ~!(pa.MH yrJiepo;n;a npH HMIIYJI:bCe 

9 r3B/c B 06JiaCTH XF > 0, 6 

• 



HcCJie).l;OBrume npou;eccoB RHKJII03HBHoro o6paso:samur pesoHa.HCOB BO 

B3aliMO).l;8:ftCTBID1X p8JI.fiTl'IBHCTCKHX .f!,I1;8p C .ff,II;pa.MH II03BOJI.fi8T IIC>JI'Y"t!IdT:b I(8H

HYJO IDi~OpMa:rnno 0 KBapKOBOii c.TpyKType fJ,IU>a H 0 CBOi:CTBax M'YJI:bTHKBap-

KOBbtX COCTO.fiHH~ (I] • 0co6eHHO :saJKHO B 3TO~ CB.fi3K HCCJI8).l;OB8HH8 

rrpocTeirnero ~e~poH-~epHoro BsaRMo).l;e!cTBHR, KOTopoe .Jier~e rro~aeT

C.fi T80p8TH~P.CKO~ HHTeprrp8Tau;KH. 

0co6Rfi HHTepec rrpe).l;CTaBJI.fi8T H3~8HR8 po~eHR.fi He~paJI:bHRX peso

Ha.HCOB B .KyMYJI.fiTl'IBHOH 06JiaCTR, 3KCII8IBM8HTaJI:OHR8 ~aHHR8 0 KOTOpbtX 

B HaCTOJIIn88 Bp9M.fi rrpaKTH~8CKR OTCYTC'IBYIOT [2] • 

HaCTO.fiiUa.fi pa6oTa ITOCB.flm8Ha nepmiM pesy.JI:&TaTa.M 3KCII8pHM8HTaJI:bH0~'' 

ro HCCJI8).1;0BaHJd.fi peaKqHR: 

al+C-'1,0 +X, '1- Yo (I) 

rrpH HMIIYJI:009 ).1;8i:TpOHOB 9,0 raB/c. 

8KCII8pHM8HT IIpOBO,Il;~C.fi Ha ITpOTOHHOM C~pOTpOH9 06~e~eHHoro 

IDICTHcyTa .a;n;epHhiX HCCJI8).1;0BaHHH. B 3KCII8pHM8HT8 - C06RTH.ff 

).1;8T8KTidpOB8JIHC:O C IIOMOUU>IO 90-RaHaJI:OHoro ~epeHKOBCKOrO M8CC-<J18KTpO

M9Tpa Jia6opaTopu BHCOKIDC aHeprd. CxeMa aKonepHMeHTa rrpoBO,Il;MTCJI 

Ha pPic. I. 
lJyqOK ,n;e14:TpOHOB C A p/p < ±0 ~I% R ,1T,JIHT8JI:OHOCT:&IO C6poca 

400 Me ~o.KycHpyeTc.fi Ha ·yr.Jiepo,n;HYIO MmaeH:o pasMepaMH I4x5x5 cM3. 

,1lJIHHa MmneHR no ~Ky paBH~ I2, 6 r/ mn2 • PaccTo.fiHRe MeJKJT.Y u;eHTpOM 

Mmii8HH H rrepe,IUieli IIJIOCKOCT:&IO CII8KT.POM8TpOB paBHO 360 CM. 1Ja.CTm:J;H 

~Ka per:acTpHJ;)y:roTC.fi T8JI8CKOIIOM CI(HH'rHJIJI.fl!UiOHH11X C'tJ8T'qRROB 

S I +-53 . Jl,Jm: RCKJIIO"tJeHM cpa6aTRBa.HIDI ycTaHOBM oT paccemmwc 

~aCT~ (raJIO IIY'tJKa) PICIIOJI:03YIOTC.fi ,n;Ba CI(HHTHJIJIHqHOHHI:lX C~9T"tJRKa 

AI H Az~ o6pasy:ro~ OTB9pCTR8 pasMepoM 5x5 cM2 • 8TH C'tJ8T'tJHM pa-

60Ta.i)T B peJIWMe 8.HTJlCOBIIa,ll;8HH~. Harrpa.BJI9Im.fl ~aCTED; R r - KBaHTOB 

OIIpe,n;eJISDOTC.fi C IIOMOm:DIO 32 npOBOJIO~HllX: Ka.Mep ( 5 C ) C MarHRTOCT- . 

p~ROHHI:lM C~8MOM HH~OPMauH¥1 pa3M9paMR 90x90 CM2 • 
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Ka.MepH ooonparoTC.ff B rpyrrne no 'tf9Tllpe. B rpynrre ,n;Be Ka.MepH pacrro

JiararoTo.ff BepTlU\aJ!l>HO, a ,n;Be .n;pyr:He-no,n; yrJIOM 17° OTHOCHTeJil>HO OCH, 

rrpoxo~en -qepes ~eHTPH KaMep. KaMepH pas,n;eJieHH Ha ~Be ce~ rro
1 

I6 KaMep B KSJK,D;O~ ( SCA H SCB). MeJI\ltY rpynrra.MH ns 'treTupex Ka.Mep 

pasMemeHH Me,n;RHe RoHBepTopH K TOJimKHO~ 0,4 pa,n;.e~. 3~eKTHBHOOTI> 

KOHBepOlm O.I(HOrO 'lf- KBa.HTa pa.:BHa 56%. HarrpaBJieHHe KOHBepcHOHHHX 

SJieRTpOHOB RSMep.a:eTOH rpjnrro~ PIS 't19THpex Ra.Mep, paonOJIOlt9HHO~ He

rrocpe~OTB9HHO ITOOJie KOHBepTopa. 

!IepBM ( no II~ey) rpynrra Ra.Mep ROIIOJI:&syeTO.ff ,If,JUI OTOopa 1S'- RBaH-

TOB. 

't!eTlipe c:rnmT~OHHHX ro,n;ocKorra S AB, S.Ar H SBB, SBr, 

R~H~.RS KOTOphiX OOCTORT RS IO MO~Jiei ( pasM~phl OUHHT~flUROHHO

ro MO,IJ;yJI.ff 2xi0xi00 cM3 ) paCIIOJiararoTC.ff sa ITpOBOJIO'trHHMH RaMepaMR. 

ro,n;ocKon:H'trecRne c11eT't1RRH B .KaJKJJ:OM as IIJie-q crreRTpo.MeTpa HMeiOT ro-

PHSOHTa.J.r:oeyiO SAr, SBr PI BepTHRa.Jr:bByiO s.At, SBB opHeHTB'URH H 

rrosBOJI.ffiOT :zsMep.ffT:& Roop~lmaTH -qacTmJ., a Ta.Iate YBeJIR't1RTI> aqxileRTHB

HOCTI> TpRrrepa. Herrocpe~CTB9HHO sa ro,n;OOROIIR't19CRRM~ C't19T'trHRaMH 

paCIIOJiaraiDTC.ff qepeHKOBCRHe 1( - Cll9RTpOM9Tphi RS CBRHIJ;OBOrO CTeR-

Jia (CA H CB). Odlllee KOJIR'treCTBO crreRT.POMeTpoB - 90. 

·crreRTpoMeTphl paOOTaiOT H9SaBHCHMO H rpyrrnapyroTC.ff ITO 45 B ~

,IJ;OM HS ,n;Byx HanpaBJieHHR (A H B). 

KoHTpOJil> ycHJieHKH cneRTpo.MeTpH'treCKHX TpaKTOB ocymeCTBJI.f!eTc.a: c 

ITOMOmbiD CB9TOBHX BCITHW9K B KpHCT~~. 

,IJ;HOHSOTOITa 24I J\nt . CBeTOBHe BCITHWBll 

oe.. -11acT:au; pa

a.:sToMaTR't:Ieoo 

perHCTpmpyDTCH M~ ~aMH ycRopRTen.R:. AOCOJIIDTHa.ff RaHROpOBRa 

~ - Cli9RTpOM9TpOB ITpOHSBO,IJ;HTC.ff Ha rry'trRe MOHOSHepreTH'treCRHX SJI9RT

pOHOB. YoTaHOBRa padoTaeT Ha JIHHHH c 3BM [ 3]T • 

3anyCR YCTaHOBRH ITpOH3BO~HTC.ff, ec~H RMeeT M9CTO COBITa,n;eHHe 

~t~2.$g],Jf2·SAB·SBB·SAf·SBr npH YCJIOBHH, 'trTO aHeprHH -qacTKD; B 
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cneKTpaMeTpax ~9BOrO (A) M IIpaBoro (B) HarrpaBn9HHH (COOTB9TCTB9H~ 

HO E ?{I M E l$'2. ) H KX: CYMMa (E '2f I + E ~C! ) rrpeBLIIIIa.IOT nopo

rOBYJO aHeprmo, on:pe,IJ;9JI.fre.Myro IWHeMaTHK,)E: Mcc~e,DyeMoro rrpou;ecca M 

reoMeTpxei1: aKcnepiDJJeHTa. B ,IJ;a.HHOM aKc:JepHMeHTe no peayJIDTaTa.M 

MO,ll;9Jmp0Ba.HIDI rrpou;ecca (I) M9TO,IJ;OM MoHTe-KapJIO 6HJIH BH6pa.Hbi M9,rr,yiO

mae aHepreTxqecKE:e noporx: 

E ?ft = E lf'2. ~ 300 MaB H 

E '(i+ · E 'b'2 ~ I200 MaB. 

06pa60TKa aKcnepM.MeHT~DHHX ,IJ;aHHHX, 3aiiKCaHHHX Ha MarHRTByiD ~eHT,y, 

npOR3BO,ll;HTC.ff Ha 3BM ClC-6500 no rrporpaMMaM reoMeTpxqecKoA H 

aHepreTH't{9CKOA peKOHCTpy~. 

Ilp:a a.H~R39 8KCII9pPIM9HTa.7IDHOH HH~OpMa;uD 

p~HCD no C~9~mHM KpMTepHEM: 

I. HaJrxqmo B9pmmlbi B a@>eKTHBHOM 06':09M9 MJi!1119HH: 
• 

A X = A y = ± I5 CM; A z = ± IOO CM. 

2. H~:a-qM.e TpeKB. aap.f.DKeHHoi1: -qacTE!UJI { KJIH JiaB:mH rroc~e 
.. 
t.-ro 

KOHB9pTopa. 

3. HaJin:ae CRrHaJIOB B BepTHK~:OHBX ( SAB , SB8 ) :a rop:aaoH

T~:OHHX ( SAr , SBr ) MO,DyJIHX CIJ;RBTR7.rJLfiiJ;HOHHHX rO,IJ;OCKO:rnJ.1I9CKRX 

C'ti9T't{HKOB, COOTB9TCTBy.DmKX TpeKy B KaMepax. 
\1 'V 

4. Ha.Jnl1me c:arH~OB B ¥- cneKTpoMeTpax CA :a CB, cooTBeTcT-

ByromKX: Tp9Ky B KaMepax H y,nOBJI9TBOpmommc YCJIOBKf!M: 

a) E '(I (E ~"2 ) >;. 300 MsB 
6) Er1± · E112 ~ I200 MaB 

3apJmeHH:cre 'tiaOTm:J;bi rrpK OT6ope HI'HOpKpyiOTC.ff. ITo yKa3a.HHblM K.PHTe

.PKf.IM 6bTJIO OT06paHO l050 'tlf- C06HTHi!:. Pacrrpe,neJieHM BepiimH-C0-

6HTHH B MKIII9HR IIO X, Y PI 2 - KOOp,n;:rJiaTaM rrpe,n;cTaBJieHH Ha pHC .2 

( OCD Z HanpaBJieHa B,n;M:O JJ.Yl!Ka) • 

.IlJrH HCKJIIO't19HIDI q,oHOBHX C06HTHfi HCIIOJI:b3Yill'C.ff :3Hepr9TH't{9CKH:i1: 
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KpHTepXH: OT6~aroTCH C06HTHH, aHeprHH KOTOpHX y~OBH9TBOpH9T cne

;n;yiOliUIM Tpe6oBa.HW!M: 

I. E Yl (E ~2 ) ~ '700 MaB x 
2. (E cf"l + E ¥e ) ~ 2300 ~aB 

CneKTp a~eKTHBHRX Mace ~H 'yK83aHHHX C06HTXH rrpHBO~XTCH Ha pnc.3. 

KaK BH,II;HO R3 pRO. 3 B CI19KTpe a(jieltTJiiBRWX . .aacc HM99TCH HBHHH 

MaKCHMYM, o6yCJIOBJieHHIIH pacna.n;a.MH '1 ° -- ¥ ¥' • KpHBM I Ha 

pRO. 3 OIIRCHBaeT ~OH R pacc~HTaHa M9TO~OM MOHTe-Kapno ~H rrpo

n;ecOOB: 

I. P + P -- c.O PP, w- n° -- (21 

2. P + P - n°n°PP, II0II0 
-- 4 -t (3) 

3. P + P - rr0rr0rr0pp, rr0rr0rr0 -~ 6 t ( 4) 

~OHOBHMR .81Ui.a:IJ~8lli:co6HTHH H3 peaKqHH (2-4) , Kor~a B. TeJieCHH:ft 

yroJI CTI9KTpOMeTpa (0,044 CT.pa.n;.) H3 rt . )(-KBa.HTOB ( n ~ 3) 
• TIOTISJJ;aiOT ~Ba 1( -KBaHTa. P03Hrpbiii1 C06HTRH B npo:o;eccax (2), (3) R 

(4) npOR3BO~EJICH paBHOMepHO ITO Wa30BOMY o6~eMy o6pasyromzxcH ~ac

THU. 0THOID9HHH a~eKTKBHHX ce~eHRH ~fl peaKUHH (l)-(4) orrpe~eJIH

JIHC:b no ~aHHHM pa6oTH C 4] • 

~OJIH woHOBHX npo:o;eccoB He rrpeBHmaeT 3?% oT ~HCJia Bcex co6H

TH~ B HHTepBane a~eKTHBHHX Mace 450-650 MaB. 0THOCXT9JI:bHIIe BKJia

~bi peaKD;XH (2), (3) X (4) COOTB9TCTB9HHO paBHII -- ?%, ,;.._ 65% 

H ~26%. no· on;eHRaM a~eKT npeBHmaeT ypoBeH:& woHa 6oJiee, ~eM Ha 

~eTgpe cTannapTHHX omx6KH. 

Ha pmc. 4 H Ta6JIKUe I noKasaHa 3aBXCHMOCT:& RHKJIID3KBHoro ce~e

IDlfi o6pa30BaHM '1.- M930HOB B pea.:raum (I) OT RBSJJ;paTa nonepe~

HOro HMITYJI:&Ca. KaK B~O R3 pHC. 4 eRcnepRMeHTaJI:bHHe TO~KR y~OB

JI9~BOpHT9JI:bHO COBMemaroTCH C npHMOH, COOTB9TCTByrome:ti napaMeTpH3a

D;KR: 

d6/dp;:JJ-e~xp (-Bpi), rge (5) 

A=(I928.±338) MK6--(TaB/c)-2 R B=(5,4±2,I) (TaB/c)-2 
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C ~eJr:biO BRf.{CHeHHH BJI:w:riD.'I.ff WOHOBliX co6HTR~ Ha rrapa.Me'JP Ha.KJIOHa 

"B" aHaJIR3RpOB8JIRC:b 2 l'- C06HTHH E HHTepBaJiax 0+450 MaB R 

650+I000 MaB. )IJrSI STKX C06biTRit 6HJIR n:ocTpOeHH' .n:aqx!lepeHIUiaJI:bHHe 

cel!:eHM d.6/ cl p~ exp/-BW0H·P2.L I. IlpoBe.n;eHHHiaa.Hamrs rroxa-

3aJI, liTO .n;.mr WOHOBHX co6HTPiii rrapa.MeTI' BWOH - 0 :a rrpaKT~ecim He 

BJ!Rf.I9T Ha pesyJI:bTa T ,IJ,JISI yt- M630HOB. 

Ta6JI~ I • 

.IU$l)epeimHBJI:bHHe celieHHSI cl6' I drl ,P.e~ 
HHMI03mmoro o6pasoBa.mtR rt,-Me30HOB \i.K6(raB7c)-

mo YIJiepo.lla 

------------- -----· ------
PI-RHTepBaJI raBic2 

-------------
cL ft I d. Pi MR6I(raB/c) 2 

Kw= .N2 1 Nt + N <f?oH 

--------------

o- o.Ol-4 

I2I9±I93 
0;485 

o,ol.f- o,o9 

II90±2?3 
0,5? 

-.~---

52±I68 
0;6I 

Ha pidC. 5 R B Ta6JimJ;e 2 IIplmO,IJ;RTC:SI 3aBRCBMOCT:b HHBapRaHTHOrO 

HHRJII03JdBHOrO C91I6Hlif! o6pa30BaHM r'\ -Me30HOB B pea..K1T,1m (I) B 38-

BRCBMOCTH OT X F = ""~ I P#a'lt 

f (X)==.) ;* . d.2o~dC ....... IJ.X). dpi 
F p rno.x d p .L • d X F 

(6) 

n. 
IlpHMM, oooTBeTCTBYJOn:taSI 3aBHcRMocTR f /X Fl I = II-XF' I , 

r,n;e n =2,04±Q,5I , y;n;OBJI6TBOpHT6JI:bHO OIIHCHBaeT SRCIIepHMeHTaJI:bHHe 

,n;aHHHe :B miTepBa.n:e sHalieHRit X F (o, 6+0, 9) . 3To corJiacyeTcSI c 

3aHH.f:IMH pR.n;a ImapRoBHX MO,n;eJie~ o xapa.KTepe RHKJII03RBHHX pacrrpe.n;e

JieHR~ M630HOB B 06JiaCTSIX (_pparMeHT8l.UB1 B3aHMO,IJ;6~CTBYJOmHX BJU>OHOB (5) ••.• 



Ta6JI:m:J;a 2 

llHBapHaHTHOe HHRJIIDSHBHOe ce~eHHl 06P.aSOBaHHH n-MeSOHOB 
B saB:acm.tocT:a oT X F , I MR6 7 H.DJ?O yrJiepo.TI:a/ 

--------- ---- .... ----- -----
X - miTepBaJI ______ ..._ __ 

'------ ------ -----
f/11 /, MR6 2I?6±48? 951±203 40I±I34 I0?±25 

~(p: ~rt!!! 'J ~!0!:: 0;395 0;4I 0;? 0,965 
------ ------ -----

llpo~e,TI;ypa BHHRTaHHH (poHa ocymeCTB4SJ!aCb C TIOMO~ID RO~KUaeHTa 

Kq> ( Ta6JIKD;H I :a 2) • TO't!HC?CT:& HO.PMHJ?OB.KH B a6coJIIOTHhiX celJeHH.RX 

o~eHHBaJiaC:b B ±•40% 

llpi! BHlJHCJieHKH a6COJIIDTHhiX BeJIRlJHH CelJeHH! 6UHH BB9,1J;9HH nonpaB-

RR, Y't!RTJ:iBa.IOIIU!e KOHBepc:wo '(- KBaHTOB B MHIII9HH (IO%) K B ROHBep-

TOpax llpOBOJIOT.IHHX RaMep (3I%). 

ABTopH 6Jiaro,TI;apHH A.M.-~mry sa no,IUJ;epJKKy ,TI;aHHoi! pa6oTH, 

B.A.KyJiaKOBY sa ~eHHHe saMe'tlaHH.fi, rpynne IO.l3.KyJIHKOBa, ll.lK.ACJia

HJIHY Sa llOMOIItb. 
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