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cTapmmt Hay,:urn!!: coTpy~HK 

Ka.H.D:l'f.!taT wxsHKo-MaTeMaTriecKIDC Hayx 
CTapmmt HaY'JIIlrlt COTPY~HK 

{)%lmu,raJibHH8 OililOH8HTH: 
, , .n;oKTop , WR3HKO-MaTeMaTH'l:ecm Hayx 

npoweccop 

,D;OKTO,P WR3HKO-MaTeMamecrurx: Hayx 
CTapmmt Ha.y,mim coTpy~HK, , 

JIJOEIDIIOB 
AIIeKc~ JlbBOBH'l: 

JIBXATIEJ3 
'Mmcarul: ~e.n;opoBH'I 

I'P11IlMH 
BaJieHTID! I'pxropieBII'I 

.JlliXO.llE,U 

AHaTOJrnft KoHCTaHTID!OBH'I ' 

Be.n;ymee HayqHO-RCCJ!8,D;OBaT8JibCK08 yi:rpelK,D;eHRe: h3H'l:ecrurlt 
mJCTlI'.cyT HM. II.H.Jle6e.n;eBa AH CCCP,, MocK:sa • 

3am111Ta ,' ~ccepTa:rnm COC'l'OHTCH .. z 3" 6- I987 r. 
B {Q_-qac. Ha sace,D;aH:imCilenm:8Jll'I3:!'IpOBaHHOrO COB8Ta 
.U 047 .OL02 npl'! .1Ia6opaTO!)Hl'! BHCOKIDC 3H8prmi: 06M,nnH6HHOro 

1 
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KDHWepeHn-3aJr JIBS. . ' 

C ~ccepTanHeil MOlltHO ,03HaK_OMHTbCH B 6R6JIRoTeKe JIBS OH.HII. 

ABTOpewepaT pa.30CJ!aH "2,f" L; , . I987 r. 

Y-qeHHft CeKpeTapb' ' ' 
cnenHaJI1'!3:!'IpOBaHHOro :coBeTa, .,!¢,ti,,La"'t M • ~ • .JlliXA TIEJ3 

I 
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OBUAR XAPAKTEPHCTIIKA PABO'ill 

AftTYSJll,HOCTb TSM!l. CY1118CTBOBSJm8 qeTBepToro KBapKa (Ha3B8HHOro 
o~apoBaHHHM, JiL1m C-KBaPKOM) 6WlO npe.n;CKa38HO TeopeTlP!SCKH RCXO,ltll RS 
npe.ztcTaBJieHRff O Cm.!M8TPRR ~CJia RBaPKOB R JI8IlTOHOB C neJll,JJ,Q(l'l,JICH8-
mm HaelJm,ItaBmeroc.11 8KcnepRMeHTSJlbHO IlO,ItaBJISHRJI CJiaelwt HeffTpanHWC TO
KOB, M8HJmlllHX CTpaHHOCTb. STO Ilp8,ItCKaS8HR8 ClWlO IlO,ItTB8pJr,It8HO B KOHn8 
1974 r. OTKpHTR8M ceMeffcTBa ysKHX B8KTOPHWC P830H8HCOB J /'t'. 'f' / R 
.ztp., RHTepnpeTl!pyewx ItaK M830Iill, COCTOJtlllK8 RS c-R C-RBaPKOB, qTo 
IlOJIOUJIO HaqaJio RHT8HCRBHHM 8KcnepRMeHTSJlbH!lM H TeopeTR-q8CKRM RCCJie
,ItOBaHRJIM OtmpOBaHHHX tmCTRD;. HHTepec K 8TRM RCCJI8,It0Bamtm4 no.1mepmma-
8TCJI CJI8.ztYI)ll!HMH 06CTOJIT8JlbCT~: 

I. Msy-qeHRe cneKTpOCKOIDm a.ztpOHOB B8ll!IO ~-ClICT8MaTRKH 8JI8M8H
Tapma: ~aCTmt. 

2. XapaitTepRCTRP:l,{ pacna,ItOB oqapoBaHH!lX ~aCTlllt - BP8M8H8 lm3HR, 
napltlJSJlbHH8 BepoJtTHOCTR pacna.ztOB - CO,It8J)JltaT RHqJC)pMaltHI) 0 CJiaelwt B3aR
MO.zteffcTBRJIX c y-qacTReM c-KBapKa, a TaKl!e o nponeccax a.ztpOHR3anHR B 
pacna.ztax. 

3. XapaKTePRCTRP:l,{ WQTOHHOro R a.ztpOHHOro po.ir;a;eHHJt 0Tpal£8J)T Mexa
HR3Mll BSaRMO,IteitCTmt.11 a.ztpOHOB. OTHOCRTeJlbHO 60J!blll8Ji Macca c-RBapKa 
( ~ I,5 I'8B/c2) IlOSBOM8T Ha,It8JITbCJI, qTO ~ pacqeTOB'xapaKTepRCTmt 
poZ,IteHRJt Otmpo:eammx tmcTRn MO.EHO IlpRM8HJITb Teopm> BOSMY1118HRff KBaHTO
BOI XpOMO,ItlIHSMmtB {KXJl). 3KcnepRM8HTSJlbHH8 RCCJI8,ItOBaHRJI a.ztpOHHOro 
poz.zteHRJt OtmPOBaHH!lX tmCTlllt HeOClXO,ttHM!l ~ pasBHTRJI npe,ItCTaBJieHRff 0 
BSaHMO~effCTBRJIX a.ztpoHOB. 

IlOHCK a.ztpOHHoro pol!t,D;8HHH oqapOBaHIWX "qSCT~ saTpy~eH PMOM o6-
CTOJIT8Jll,CTB: M8H88 O,I% BC8X B38.HMO,D;8HCTBHli co.n;epJKaT oqapoBaHHHe "qSCTH
~;na~8JlbHH8 B8pOHTHOCTR y.n;o6H!,1X .wIH perRCTPSitHH pacna,ItOB oqapoBaHH!,IX 
tmcTRD; MaJIH: I - 5%; npoeleI'R .n;o paclla,It8 oqapoBaHHHX tmCTRD; MSJIH, RX 
peI'RCTpaltHJI TpeelyeT Cil8ItlJSJlbHOI Texmnm; perxcTpaltHJI 8CCOitH8TRBHHX 
otmpOBaHHl:iX tmCTRD; 38TPY~eHa BCJI8,ItCTBH8 MaJIOff B8POJITHOCTR Y.ztOClma: 
~ peI'RCTP8nRR pacna.ztOB, 

~ , Urn paeloTH JtBJUieTCJt noRcK otmpoBawmx ClapROHOB Ac B HeffTpoH-
JJ,D;epm,x BSaRMO.zteffcTBRJIX IlpR 8H8prRR cepnyxoBcKoro ycKopRT8M R RCCJI8-
,ItOBSHR8 xapaKTepRCTRK RX po.ir;a;eHRJt R pacna.ztoB. 

Ctn,enlitlt'UHWt\ IUicmtyr~ 
mtt!PDMl m:c.,enonau:rll . 
, 6HS!lff10TEKA .. __...,.,_,,_ 
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HOBl!3H8 pa6oTH. BnepBl:le o6HapyzeHO Dy'l'8M np.RMOro Ha6Jm,l:temtfI 8,It
POHHOe po10teHI!e o'lffipoBamna: 6ap:e:oHoB A6 npz :mep:rmt, ueHl,Illel, 'lieM HS 
ycxopzTeJie ISR , z zcCJie.ztoBSHH :xapaxTepzcTlml! aToro npo~ecca. BnepBl:le 
sapel'licTpllpOBSH xaHaJI pacna,Ita O'iapoBSHHoro 6apzoaa: A6 - K°p IT+ 11-; 
onpe,It8Jl8Ha ero naprtHaJII,HaJI B8pOHTHOCTb. 

Haytma.li 3H8tmMOCTb H npaRTRtJeCKaSI neHHOCTb pa6om COCTOlIT B CJl8-
.ztYlllll8M: 
- :e:sMepeHH .ztltqq>epeHnHaJII,Hlie ce'leBM polr,IJ;eBM O'iBpOBaHHoro 6ap:e:oaa A 6 

npH aaep:rmt, 6Jl:e:SKOI lt noporoBol ,ItJI1i POlr,Il;8Hl!H OliBPOBammx 'iaCT~; 
- HSMepeHHoe ce-qeHJ!e polr,Il;eBM O'lSPOBSHmll 6ap:e:OHOB 0Ra38Jl0Cb 60.m.mm,, 

'l8M OD,ItaJIOCb HS OCHOB8Hm! 60JIDlllltHCTBa TeOp8TH'l8Cltl!tlC MO,IteJlel; 
- llSMepeHO OTHOW8Hl!8 napnlJaJII,HWC BepOJi'l'HOCT81 pacna.ztOB 

B{t\6 -K0p 7i+if-)/B{/\6-A0 rr+r.-+iT-); · 
- COS,ItaH ROMnJl8KC nporpaMM MO,IteJlltpOBaHl!U{, mzpoxo :e:cnOJIDsyewit np:e: llC

CJl8.ItOBaHWDC, npOBO,ItllMWC COTPY.ItHI!'l8CTBOM no axcnep:HMeHTSM Ha YCTSHOB
R~ BfC-2; 

- noRaSaHS nepcneKTllBHOC.Tb HCCJl8,It0BaHl!U{ O'IJBPOBSJUWX 'lSC~ np:e: cepny
XOBCKIOC aHepr:e:ax, llOJIY'ieHHHe .ItaHHli8 JlerJIH B OCHOBy nJiaHI!PYeMWC llC
CJie.ztoBaHI!it O'lapOBSHHWC 'IJBC~ Ha cepDyXOBCROM ycxop:e:TeJle. 

AnpotfaTm.fl: pa60Tli K ny6Jlltxamm. PesyJIDTS'1'1i,KSJl0~8HHli8 B .ztl!CC8l)T8-
Itl!ll, o6cyz.ztaJIKCb HS HaY'lHWC cewmapax Jia6opaTOplDi! Bl:lCOltl!tlC 8Heprmt 
()6'l,e,ItlIH8HHOro HHCTKTYTa .R,ll;epma: llCCJI8.ItOB8Hl!it, HHcTlt'l'YTa qll!Sltla! Bl:lCO
KWC SH8pr.wt (CepnyxoB),6:wm rrpe.ztCT8Bll8Hli Ha MWlt,lzyHapO.ztR!,18 ROHg/8p8~ 
no WR3mt8 B!iCORHX SHepr.im B IlapIDlte (1982 r.), BpatiTOH8 (1983 r.), 
JelnJ:tHre (I984 r.), BRJID'leHli B o6sop CBOICTB 8Jl8M8HTapma:.'IJBCT~ 
I986 r. (Phys. Lett., 170B). • • 

OcHOBHlie pesyJIDTSTli . .Itl!CC8PT8Itl!ll l!SJlOJICeHli B WIT.II ny~/I-5/~ 

CO.ll,EP!AHHE PA.EO'ru 

Bo BBe~emm odocHOBl:lBSDTCH aRTyaJll,HOCTb KCCJl8.ItOBSHl!I O'lapo:aamna: 
'lac~. cqx:>pM;yJlltpOBSHa H8y,IBSJI 38,It8'la, noxasaHa CTPYK'fYPS .Itl!CC8PT8Itl!ll. 

B nepBol rJiaBe .ztaH xpaTRd o6sop :e:cCJie.ztoBSHd O'iBpo:aamna: 'iBC~, 
CO.ztepxall!Kff on:e:cwme KSB8CTHHX CBOICTB O'iapOBSHHliX 'iBCTmt lI MeTO,ItOB 
axcnepKMeHTSJll>HIDC_llCCJie,ItoBaHI!it. 0CHOBH08 B~e y,It8JleHO Bonpocaw 
8,Itp()HHOI'O polr,Il;eBM. OTMe'leHli Tpy,IOIOCTB axcnepm,eHTSJll,HIDC llCCJI8,ItOBaml:I 

ll CYllleCTBYJ)IJPl8 paccorJiaCOBaHl!U{ pas.lJlltWHX ,It8Hma:. PacCMOTpeH P.R.It Teope
'mtJ8Cltl!tlC MOJ;8Jl81 a.ztpOHHOI'O polr,Il;eHJIH O'iapoBaHHWC 'la~. 
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Bo BTopol rJiaBe 060CHOB8Hli ROHKpeTHM HSY'lHSJI 88,It8'l8 ll MeTO.It ee 
pe8JlHSSitHH, ·,ItaHo on:e:crume axcnepKMeHTaJII,HOI YCTSHOBRH EHC-2. 

MeTO.ItOM axcnep:HMeHTaJII,HliX l!CCJl8,ItOBSHl!I JIBJlll8TCH no:e:cx ysRHX n:e:
ROB B cneRTpax 844)8KTm!HWC MaCC OD,It88MWC npO.ztYRTOB pacna,Ita O'iapOBaH
HWC 'mCTmt. Hs C006pallt8Hd OIITmmSSitl!H OTHOW8HltfI CHI'HaJI/<pOH llOl!CR 6WI 
OrpaHI!'q8H MHOrO'iBCTlt'llmMH RaHaJiaWt pacna.zta C 061ltHM ROJIH'leCTBOM sapa
JteHHliX 'lSCTmt, npoXO.ItHlltlll ycTSHOBRY, He M8H88 IIHTH. }J.,m peSJlHSSitl!H 
.ztaHHOI'O MeTO,Ita Heo6xo.nmm: 

- I. MHoro'IJBC'mtJHli:I cneKTPOMeTp C Bl:lCOimM MaCCOBW.f paspemeHHeM. 
2. Ha.zteZHSJI pel'lICTpaIJ;l!J! H J!l,It8HTHqll!RaD;lm CTpaHHWC 'lSCTmt .ItJlH Bl:l

.zteJleHHJI Ka6:e:66o - paspememmx pacna.ztoB o'iapoBSmmx 'lac~. 
3. BoSMOZHOCTb pa6om o Bl:lCOROI HHTeHCHBHOCTJ;]) BTOPHtlH!iX 'lSCT~ 

,ItJI1i ,It0Cfllllt8BM .ItOCT8T01iHOI 'iyBCTBl!TeJIDHOCTH axcnep:HMeHTa. 
STD Tpe6oBaHWIM Y.ItOBJI8TBOPJtlI cne1tTpOM8Tp mc-2 {p:e:c. I). Ero 

OCHOBy COCTSBJI&Jm: 
a) Cil8KTPOM8TPR'l8CKHit M8I'BHT CII-40 C Ce'l8HH8M BXO,ItROro ORHS 

90x29 cu2. HHTerpaJI Mal'HRTHOI'O nOJIH COOTBeTCTBOBSJl HSMeHe.HHD nonepe-q
HOI KOMnOHeHTH mmyJIDca liBCTmt Ha 0,64 raB/c; 

L .i:,.100· 
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PBc. I. CxeMa Cil8KTPOM8Tpa mc-2 • 

6) ROOP.ItRHSTHl,18 .zteTeRTOpli -
1111oronpoBOJIO'qHl,le nponopnaoHSJII,Hli8 
RSMepH (me) c 0611tHM 'ql!CJlOM ltaHaJlOB 
OROJlO 6000. PaSJll!'qRSJI op:e:8HTartHH 
CRI'HSJII,HHX npOBOJlOR me noSBOJll!Jl8 . 
BOCCT8H8BJIRB8Tb npoCTpaHCTBeHHHe 
Tpa8RTOpmt sapJDteHHHX. -qac'l'Jilti. 

Kpoue Toro, B cne~TpoMeTp. 
BXO,ItRJlR: I'O,ItOCROn CnRHT~ommx 
c'lleT'lHROB I'I, citcTei.fa · ·c-qeT'mitoB 
oxpyzeHWI MmIIeHH (Cad), _HelTJ)oiliml 
NOHHTOP (MR) • a Taiate -qepemroifoltlte 
C'lei'1DIRH nOJIHoro IIOrJlOD!Ei_Jmll H im,-. 
OHHli! .zteTeRTOP, HH<pOPMSitl!H C ROTO-
pux B·•ol pa6oTe He RcnoJIDsoBa-
Jiacb. . 

3apimeHHHe a.ztpOHli B axcnepKMeHTe annapa-rypao He J!l,IteH~poBa
.llHCb. · CRcTem sanycxa Tpe6oB8Jla npoxolr,Il;eBM He 1i11eaee 'lempex .• sapaeH'.'" 
HHX 'iBCTmt -qepes oneRTpoueTp. 

3 



liMnyJII,CH!di CII8KTP HeliTpOHHOro nyi:ma H3M8PJWCSI TpeM!I pas~ 
M8TO,ItaMH: 

I) C IIOMOIIIJ,!) pel'HCTP8Itlm peaRitlm nepesapJtitl(ll HeffTpoHa B IIPOTOH, 
xapaRTepBCTmm KOTOpott IIPH cepnyxOBCRlilX 8H8PI'Rl!X H3B8CTHH; 

2) c noMolllL!l perncTpanim peaRitlm .ltHWPamn'!OHHOff ;ItHccoitHanim HeffT
poHa B p ;,-, xapaRT8PBCTIDal KOTopott TaRJKe BSB8CTHH; 

~ 
:s: 1,4 
I :s: 
<I: ., ., 1,2 
11 
I 
.c 
< 
0 1, a, 

"' :s: 
0 
a. 
C 0,8 

0,6 

0,4 

0,2 

3) c IIOMOIIIJ,!) a,IU)OHHOro ItaJIOpHMeTpa. 
PesyJII,T8TH 8TlDC lISMepelid cor.rracyioTCSI .ztpyr C .ztpyrOM (PHC- 2). 

t,. np ➔ pn 
0 KOAOpHH8Tp 

■ np ➔ p,,-p 

PHc. 2. lli.myJII,CHHff CII8KTP HeffTpO
HOB nyqKa. 

BiJio npoBe~eHO TPB 8KCII08Hltlm 
YCTaHOBKH B H8CKOJII,KO pasJll!l'l!'.8ll!ltHX
CSI YCJIOBRRX axcnepHMeHTa. MeHHJll!CI, 
HanpaBJieHBe Mal'HHTHOro IIOJISI (Ha 
o6paTHOe), paccTomme OT MarHHTa 
~o Ml!Ill8HB, reOM8TPlJ1r8CKH8 xapaKTe
PBCTHIGI DK, BeuieCTBO B TOJIIItWla MH
meHeff (yrnepo~,7,8 r/ml-,'1lIJfJIJ. ~c
TH'l:ecKHff CitHHTHJIJiliTop,6 r/c,l,). 
8TH H3M8H81mSI IIOSBOJll!I.Jil!I Oit8HBTI, 

o, 
10 20 30 40 50 60 70 H8KOTOPH8 CBCT8MaTHll:8CKH8 OIJillf6KH. 

JIIMnyAbC He1'1TpOHOB n~t(O, f:3S,c SaperRCTP,i!pOBaHO II,4·Io
6 

He:11-
TpoH-yrnepo,llHHJC: BSaHMOf8BCTllill. 

CB8THMOCTI, 8KCII8paM8HTa COCTaBWia (I,8 ± 0,3)-I035cM-2/s;!ij)O 2c. Ka-· 
JIH6poBKa ,zy:BCTBHTeJII,HOCTH axcnepHMeHTa npoBe~eHa nyTeM :e:sMepeHl!SI ce
ti:em po~eimsr p1I,Ita rmiepoHoB: A0, E±(I385), ::;-; 7\ 0 B .ztpyrmc. no-
.nytJ:eHHHe BeJllf'mlill 0Ka88Jll!ICI, B xopomeM C00'1'B8TC'1'Blm O ~HHHMPJ ,IU)yrmt 

axcnep~eHTOB. I 

B Tp8TI,eff rme o6CYJE'A81)TCSI OCHOBHHe xapaxTepBCTltPl'l YCTaBOBKB -
paspemeHBe no m.myJII,caM sapimemna'ti:acTHn, paspemeHBe no a@)eXTHBHHII 
MaCCaM, aqq>eKTHBHOCTI, pel'ltCTpa!tHB BCCJie~eMHX nponeccoB. ,ll;nsr onpe~e
neHl!SI,OD,ItaeM!a xapaRTepBCTBK 6wm npoBe~eHH paoti:em M8T0~0M,M0~eJIJil
poBaHBSI. Jf.aHo OIIBcrume nporpaMM!l MO~eJmpOBaHRSI M8TO~OMMOHTe-Kap.no 
pasJIBtJ:HHX qBisJAecRlilX nponeccoB B perBoTpanim 06pasoBaB111HXCSI ti:aC'l'Bit 
ClI8KTpOM8TpOM. 

BwmCJieHo paspemeHBe no m.myJII,oaM''.ltna sapsrzemmx 112C'1'Bit. Ero sa
BBCHMOCTI> OT BeJIII'lmHH m.myJII,ca tJ:aC'fflltl:l P npB6.muteHHO OIIBCHBa8TOSI 
COOTHomeHBeM 

6P/P = V(0,68 10-3.P)2 + (6,I.IO:...a)2 • , 

4 
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r~e P K311f8pst8TCSIB I'aB/c. IlepB!,1:I 1JJl8H IIO~ SHaKOM ROPHSI o6yCJIOM8H 
paspememre111 DK, BTopol - ItYnOHOBCKlIM pacoemmeM. PaspemeHHe no yrJIY 
.IPISI TpaeRTopd 38pJm!HHHX tJ:aCTBI{ COCTaBJISI8T (0,5 - I)-Io-

3 
~-

Onpe~eneHO paspemeHBe (opa~ex:aa,u;paTRtJ:H08 OTMOHeHBe) no aqqieR
THBHOff Ma.Coe .zt,1IJI nponeccoB ~ - ;;+ ,,- , /\0 - p ;;- B 38BBCHMOC'l'H 0'1' 
B8JilNHH JDmyJII,OOB &Tl!IX 1180THI{ (p»:c. 3) • SxcnepHM8H'l'SJII,BH8 ,ItaBEH8, 
np:e:B8~8HBH8 Ha PBC. 3, HSXO,IUlTCSI B, COOTB8'l'Onmt C pacti:eTHHMB, IIOJIY
tJ:8BHliMH IIPB y,i:eTe Boswommx He'l'OtJ:HOCTe:I :e:s111epeHBSI 1toop.D:HBST DK. Cpe~
Hee pas~emeHHe IIO uaoce .IPISI K

0
cocTaBM8T 01tono 4 MaB/c

2
, .IPISI /\

0 
-

2 MaB/c. 

..,~ B t •1
A0 

~Kci1e~Met-1
1
T j 

~ 6 • K" 
::; 

• 4 
::; 
b 2 

00 

____ ... ---_,.. ____ ---•--

10 20 30 40 
JIIMnyAbC I/', raB,c 

PKc. 3. PaspameHHe CII8RTPOM8Tpa EHC-2 IIO 
118008 He:1Tp8JILBHX BHJIOR. lllTp»:XOBH
Mll JIHRlUOO![ :e:so6paxeHH ltpDHe pas
pemem!SI, BHtJ:HCJieHHoro c y,i:eToM 
B03MOZHHX onm6oit BSM8p8HHSI xoop
,ltHHST DK. 

+ 
Cpe~ee o~e11oe paspemem1e no a«xiieRTlilBllo:I mcoe .IPISI Ac-'tJaC'l'l!U, 

pacII8Jt8l)lltl[XCSI IIO ItaH8JUUI pao~: 
A6 - K° pii+,;-, (I) 

J\6 - /\,Ojj+jj+ ii-, (2) 

000TaBJlll8'1' OROJIO 8 M&B/o2• 
S@)elt'l'DBOO'l'I, pel'ltC'l'paltlDI (8R08IITaHC) ycTSHOBRB EHC-2 CBJll,HO sa

BHCB'l' 0'1' JDmynoa 'tJaOTJ!It. Pao'CJ:e'l'H IIOitaSaJIH, 'll'l'O 3aBBC:e:iroOU axceIITSH
ca O'l' ~R'l'JIBHOI MaCOH .RBJ1118'1'0SI rJI8,ltltol H B nmpoxo:I 06.rraoTH - MOHO
TOHHOI ~el. He co~epza111e:I oco6eHHOCTel B6JIHSH MBCOH /\6-6ap»:OH8. 

B tJ:898D'l'OI rme ~O OIDICSHH8 npone,eypu o6pa60TRH 8RCII8PBllf8H
TSJII,HHJ: ,1t8HHHX JI npJIBO,IUiTOSI pesyJII,'l'S'l'H o6pa6om. 

Ilpo~ep;ypa o6pa6oTJal COO'l'OMS Jl3 ~ IIOOJI8~0Ba'l'8JII,BHX maro:e: reo
M8Tp.B'CJ:80XOI peROHC'l'pyxwtll oo6H'l'd (BOCCTSHOBJI8Hl![SI TpaeRTop:e::I 38pJm!H
BHX 'tJaC'l'Bit H ll mmynoo:e) • IIOHOXS "He:ITpaJII,BHX B:e:nOR" - :BOSIIODHX 
paoll8,lto:e ~ :e: A0, Dl,lteJieHHSI oo6Hm Tpe6ye110:I RoH\l&tt'Y.PSitD (Hanpmrep, 
CO'A8PJUIIIIRX ~ JI 3 sapSD!t8HHH8 tJ:8CTJIItli). J];nsr ROH'l'pOJISI SJII'Op:e:'l'IIOB 
~oro 11181'8 JICIIM!,80:BaJDIICI, MO,Jte.Dp0BSHBH8 co6H'l'HSI. 

TpaeX'l'OJmK 88pJm!HHHX tJ:80'1'Bit npe~OJUU'aJIJIClt npmroJDmelmum H8 
Y'CJ:SO'l'KSX ,JtO B IIOc.18 MBI'HHTS, IIBI'JD['l'H08 IIOJI8 B sasope O'CJ:ll'l'SJIOOI,- 0~0-
po,lODDI. IloOJie BOCCTSHOBJI8Hl!SI 'l'pa8lt'l'Opd 118CTJ!It npo:eo~CSI IIOJIOX "Be:IT
panma BHJIOR" - nap TP88XTOpd 'tJaC'l'Bit pasBHX SHSROB SSpJl',ltS, 'l'OtJ:Ka 
M8ROJIIM8JII,HOro 06.JIDeHHSI (:eepmma) RO'l'Op:WC HaXO.ln!(JISOI, B 06.rraC'l'JI pao
ll8,'ltHOro 06i>e11a. ~ ROM6:e:Haitaa, o6pa3YJ)IIISSI Hel'l'paJII,BYJ) BHJIRY, npo-
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BepHJIBCl, Ha COOTBeTCTBl'le rmroTeSaM pacnan;oB: K~ -- ii"+ II - H 
Ao - pil-. CneKTPH MaCC M(iT+iT-) z M(p11-), no.nyqemme Ha "iaCTl'I 
3KCnepBMeHT8JII,HOro MaTepHaJia., npe.ztCTaBJI8Hll Ha pzc. 4. 

600 

500 

400 

~ 
~ 300 L 

; 
200 

100 

Q 6 

Pzc. 4. CneKTPll mmapHSHTHWC 
Mace HeilTpaJI:&HllX BlIJIOK, 
HJIJIIOCTPHPYD!ltH8 Bll,IteJie
HHe K~ H /\0. 

.IJ.7rH ,It8JII,He:ltmero amumsa OT-
61Ipa.,mc1, KOM6l'l!I~, MaCCll KOTO
pwc OTJm1mJ.ll'ICl, OT Ta6Jm<mwc Mace 

. K° l'I /\ o MeHee 1!8M Ha I4 MsB/c2 

K 7 MsB/c2 COOTB8TCTB8HHO. Ypo
BeH:& <poHa B npne.ztemmx o6JracT.a:x: 
sqxpeKTKBHWC Mace B pasJil'l1JHllX SKC
nos~ 3KCnepBM8HTa COCTaBJl&II 
I5 - 40% NIJI ~ 11I 7 - 20% NIJI 

nr:=, , ,~- ::-:-J..,JI , ,':"'1 f\0
• Cpe,ItH OT06pammx ~TOB 

-10 o 10 -, o , Ha· pacna.zt AO np:acyTCTBY8T · MeHee 
M(Jl•Jt-J-M(Kn M3&/c

1 
M(Pn-1-M(I\'), M3&/c

1 I% pacna.ztOB ~, cpe.ItJ,I OT06pammx 

:K8H,Itlil.It9.TOB Ha pacnan; ~ npRCYT
CTBYJ)T OKOJIO IO% pacnan;oB /\ O • 

.IJ.7rH nOHCKa pacna.ztoB (I) H (2) OTo6pSHH co6H'!'lm, CO,Itepga11t1Ie Iq)OM8 
H8itTpaJI:&HOI Bl'IJIKll: H8 M8H88 Tpex sapmteRHWC "iaCTKit. '.l'pe60BaJIOC:&, '!T0-
6H 061llWI B8p111I!Ha HSXO.ItJ,IJISCl, B o6JracTK MHill8HJII. B COOTB8TCTmm C pac'!e
Tmm MeTO,ItOM MO,IteJIRpOBaHJitSI Tp860BaJIOC:&,'!T<Xli o6lltlII HMDyJI:&C paccuaTpK
Ba8MliX KOM6:imartldt 6WI doJII,1110 25 I'aB/o. IlpR BH'!KCJiemm sqqieKTBBHol · 
MaCCll (I) npe.ztnOJial'aJIOC:&, '!TO npOTOHOM JtBJme'l'CJi noJIODT8JI:&HSJi "iaCTKD;a 
C 60.1II,lJIBM HMDyJI:&COM. 3TO·YCJIOBK8 npKBO.ItJ,IJIO K cmmemm <I>o:aa K nope
SYJI:&TSTSM MO,IteJIHpOBaHl'IJi - K noTepe,He 6oJiee '!8M 7% nOJI8SHHX co6HTd. 
Ha pzc. 5 a, 6 npe,ItCTSBJI8Hll CYJ,IMSpHll8 MaCCOBH8 paonpe.zteJieHl'IJi 
M(~ pii+rr-, K M(/\0 ;;+rr+rr-) COOTBeTCTBeHHo. B O6O:ax pacnpe.zteJie
HH.a:x: BlI,ItHll llKKJII C nmpmtoii OKOJIO '!eTHpex annapaTYPH!lX paspemeHd C 
mcca?.m B6J!zsz Ta6JIH1JHol MaCCH A~: (2281 ± 3) MaB/c2 • OTHomeHHe '!Kc
Jia KOM6HHam,JI K '!KCJIY co6HTd B o6JraCTH llli!'KOB COC'l'aBJ!JieT OKOJIO I,05. 
KaJIH6pOBKa cneKTPOM8Tpa npOBO.ItJ,IJISC:& no MaCCSM "iaCTHI:l: /\0 , K°,s-, 
r:±(1385) K ,Iij)yr;Iµ, O,ItHSKO OCTSllTCJi BOSMOJltHW.!li!' CHCT8MaTK'!ecKKe OmK6KJII 
nop.R;ItKa IO MaB/c2 npH onpe.zteJiemm MSCCH COCTOJIHd (I) z (2) B o6JISCTJII 
lll'IKOB. Ha PKO. 5 TO'lffiSMII OTM8'!8Hll (pOHOBHe KpHBHe - noJil'IHOMl'laJll,Hlle 
~yHKIUm 1!8TBepTol cTeneHK, no.ztrowmumecJi K 3KCn8plIM8HTSJ!l,HllM cneKTpaM 
C HCRJill'!8HHllMl!I o6JiacTm.m lll'IKOB. 
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Pzc. 5. CneKTpll mmapl'laHTHHX 
Mace: 

a) ~pii+iT-(CilJIOmHSJi JIJII
JIJIIJi) H ~p Ti- Ti-(mTpH
XOBM JllilillR); 

6) f\O ,,-+ iT + TT·- ( CilJIOmHSJi 
JIJIIHKJi) H /\ O II+,;- IT'
(mTpHXOBM Jimm.R:). 

B Illi!'KSX CO,It8pJmTCJi 
I30+I8 C06HTd (I) co cpe,ItHel 
MaC;OI (2272±15) MaB/c2 z 
57+I4 co6um (2) co o~e,ItHel 
MaCCOI (2265±19) MsB/c. CTa
TKCTH'!8CKSJi SH81Jl'IMOCT:& lll'IKOB B 
paonpe.zteJieHK.a:x: sqxpeKTHBHllX r.mcc 
COCTOJiHKI (I) H (2) COOTB8TCT
BY8T ~IO H ~ 5 CTaH,ItapTHHM OTKJIO
H8Hl'I.RM OT ypOBHJi <poHa. 

PaCCMOTP8Hll BOSMOllCHll8 li!'H

T8pnpeT~ Ha6Jll'.),It8eMHX lll'IKOB. 
MeTO,ItH1J8CKHe npH'!KHll B03IDIRHO
BeHWI IIHKOB - sa C'!8T oco6eH-
HOCTel aKceIITSHca YCTSHOBKH lt7nt 

pasr.moxeHHJi Tpa8KTOpd "iaOTJm, Jl'CKJlD'!8llTCJi. TalOlte HCKJlD'!8Ha BOSMOl!
HOOT:&, '!TO llKKH JIBJIBll'l'CJi KHH8M8TH1!8CKEM OT~8HK8M Y9KHX COCTOJIHd B 
.D;PyrKX MaOCOBWC KOM6~, COCTaBJI8HHlDC KS Tex l!e TpaeKTopd "iaC
nm. Ha6Jll'.),It8ewe llKKH MOrJIH 61l OOOTB8TCTBOBST:& pacna,Ity H8KOTOporo 
OTpaHHOro pesoHaHca. IlpoeKni!Ji HSOCilHHS 06O:ax COCTOJiHd (npK 8CT8CT
B8HHOM .,lt0n:ylll8Hlm, '!TO CTpaHHOCT:& pesOHaHCa COCTSBJIJi8T - I) p8BHa +I. 
B TSKOM CJiy'!88 ,ItOJil!eH CYlll8CTBOBaTb HSOTOilH'!ecKd napTH8P C np08KJ:t1181 
Jl30CIIHH8 - I, llpl'l'!8M B o6JracTK ~pal'M8HT~ H81TpoHHoro ny1JKa 0Tpima
T8JI:&HO sapsmeHHHI IlSPTHep ,ItOJil!8H poJUtB,T:&CJi C 6onmea B8POJiTHOCT1,ll, 
'!8M llOJIODTeJI:&HO sapsmeHHHa. TaK8Ji acHMMeTpl'IJi Ha6Jll'.),It8JlSCl, B SRcnep11-
M8HT8 BfC-2 npK JISY1J8Hl'lli!' pesOHSHCOB r,±(1385). Ha pzo. 5 mTPHXOBIOO!I 
JIHHHJOOt l!S06pazeHll 8KCllepHM8HTSJI:&Hll8 pacnpe.zteJieHHJi aqxpeKTKBHllX IISCC 
cocToJIHd c oTpimaTeJI:&HHM sapJJ,11;0M K°p rr- TI'- z A0 ;;+ ii -rr-. CTaTKcTH-
1JecKH SHS'!HMll8 BH6poCll B pacnpe.zteJieHK.a:x: OTCYTCTByDT. MaJiaJi ml:IpJIHa mt

KOB (MeHee 30 MaB/c2 Ha IlOJIYBllCOT8) T8Kl!e He COOTB8TCT:eyeT ml:IpJIBSM 
KSB8CTHllX pesOHaHCOB B ,ItaHHOI 06JISCTJI MaCC. IlpKB8,It8HHaJi COBOKYJIHOOTl, 
\laKTOB CBl!l,It8TeJI:&CTByeT B IlOJI:&SY HHTepnpeT~ Ha6Jll),It8HHHX IIHKOB rum 
CJII'HaJIOB OT Ka6K66o - paspememmx paona.ztoB o-qapoBammx 6apzoHoB A~. 
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B rurrol rJiaBe om1oaHa npone.11YPS B np:irae.neBH pesyJII,TaTH onpe,ne
~eHBJI .xapaxTepHoTmt nponeooa polll;IteHBJI /\6-6apuoHoB. 

BwmCJieBH M8TO,D;OM MO,D;8JmPOBaHlUI a@)eRTllllBOOTB peI'lllCTpaJ:tlm /\ 6 -
6apBOBOB B BX SaBBCBMOCTB OT RBH8Ma'.rlt1i8ORlill nepeMemmx. 

H3uepeao OTHOmeHBe napni,m.m.ma: Bepo.ll'l'HOCTel Ha6Jm.ItaeMWC ~OB 
pacna,na. 

Onpe,ne~eBH ,D;liqxI>epelilij!aJII,BHe ce'ieHB.11 polll;IteHWI A 6-6apuoBoB no no
nepe,moyY BMIIyJII,CY PT B q>e:lbwaHOBOROI nepeMeHHol X B "BH,Itm,101" cnexT
poueTpOM O~CTH x > 0, 4. 

JLm BH'iBCJI8HBJI aqxI>eRTBBHOCTll YCTaHOBRB MO,D;8DpoBaJIOcil> p0lll;It8HH8 
6apBOHOB B COOTB8TCTBBB C na~eTpBSB.ItHel ,D;liqxI>epelilij!aJII,BOro C8'i8Hl!JI: 
E -d 3 6 Id p3~ -f(x) • exp(- J3J>;), r,ne '~ f(x) cooTBeTCTBOBMa 
BSB8CTHOMY pacnpe.ne~emm no qieflmlaHOBCROI nepeMeHHol poJJr,ItaDDtHXC.11 B 
PP-BSaBMO,D;elcTBIDlX /\0-rBnepOHOB, a BeD'iBHS ~ 6WIB. npBHHTa paBHOI 
2,5 (ThB/c)-2• 

Ilpe,D;llOJial'MOCl> OTCYTCTBBe aaepreffltlecxol SaBBCBMOCTK ce'ieHBJI 
pOlll;It8BJIJI. PacI18,Itl:l MO,D;eJIHpOBaJmCl, BSOTponmn,m. 3@,eR'l'JIBHOCTl> peI'lllCTpa
nlll onpe,neJIJtJmCl, B Bll,D;e npOBSB8,D;8Hl!JI "reoMeTpB'i8CROI" a@)eRTBBBOOTB 
(aRC8Il'l'aHCa), 8qxI>eRTlll3BOCTB OHCTeMH sanycxa B aqxI>eX'l'JIBHOOTB peROBCT
PYRnlll H aHaJIHSa C061lTBI. 3@,eRTBBHOCTl> peI'lllCTpaitli!ll BH'iBCJieHa B SaBB
CHMOOTB OT Be~ npo,noJII,BOro B nonepe,moro BMIIyJII,COB /\ 6 (puc. 6) • 

10-1 r=---r--,----,---,---,---.---.-

~ PL raB--c 
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-+- 41,8 

--t- 37,9 

-+- 33,9 

+ 29,9 

PHc. 6. 3aBBCBMOCTl, reOM8Tpl!
'i8CROI 8qql8ltTBBBOCTlil 
peI'lllCTpaitl[B /\6 OT no
nepe'iBOro Dnynca npu 
pasJIB1U1HX npo,nOJIIdlLIX 
mmyncax. 

reoweTpnecxaa aqxI>exTJ1BBocT1> 
CYDl8CTB8BBO SaBBCBT OT IIpO,D;OJI&
BOro nmyJII,ca. IloJIYll8HO, 'iTO 
9qq)eR'l'JIBBOCTl> aJll'Opl!Tlla CBCT8111l 
sanycxa COCTSBJlSl8T OROJIO 7(11,, 
aqxI>eRTBBBOCTl> peROBCTPYRnBJI K 

I +, 25 9 I aHa.7IB3a co6Imtl - ox0.10 3(11, B 
1 O - o r r 1 • r ORB I!p8XTJA8CRB Be SaBBCJi'l OT 

o. 0,4 0,8 1,2 
2 ( +) ( )2 npo,nonaoro B nonepe11Boro lDl-

P r /I;; r38tC nyncoB /\6• 
Ha OCBOB8 Bll'mCJI8BH!lX aqx»exTRBHOCT81 peI'lllCTpanl]I onpe,ne~eBO OT

BOmeBBe napitl[aJII,JWX BeposrrBOCTel pacna,noB O'iapo:eamu,a 6apJIOBOB /\6 
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l 
-~ 

' 

1 
i} 

no RaHMSM (I) B (2): B1/B2 = (2,7:!:,0,8±0,2). Hononsy.11 HSMepeHHYJ) B 
.Iij)yroM axcnepoeBT8 B8JIH'iBBY B2 = (2. 8±0, 7;tI, I)%, IlMY'llfJIR 

R- = (7,6+2,7+3,0)%. 
-1 - - + 

H3MepeHHe ,IJ;1IqxI>epelilij!aJII,JmX ce'iem poll.IteHRll Ac-6apnoHoB ocy-
lll8CTBJ.1JJJI001, IJY'l'8M aHSJIHsa cnexTpOB aa6JID,naeMHX A 6 no nonepe'iHOMY B 
npo,D;OJll,BOMY BMeyJll,caM. 3TB cneRTPll CTPORJlll'.Cl, .nmr co61lTBI K3 o6JiaCT]1[ 
llBKOB C BH'iBTSHB8M COOTB8lCTBYJ)ll!HX cnexTpOB q>oHOBllX 0061lTBI KS coce.n
HHX C lDIRaM]1[ MaCCOBllX o~cTett. IloJIY'ieHHllii noCJie xoppe~ Ha aqxI>ex
'l'JIB~OCTl> peI'lllcTpanKR cnenp poll,ltemwx l\6-6apuoaoB no nonepe'iHOMY KM
riyJII,cy npe,ncTaMeH Ha pBc. 7. IlpoBe,D;eHa no.nroHxa R 8TOMY cneI<Tpy lI}Jyx 
TBnOB saBBCBMOCTB: 

a) dtJ/d ~ ~ ex.p(-)'PT2, noJIYlieHo ]=(2,5:!:,0,6) (ThB/c)-1, Y.1l>90%, 
6) dN/ d ~ ~ exp(- pi>;>, no.7IY'leHo p =(2,6±.0, 7) (ThB/c)-2, 

Y,U::=75%, r.ne Y.U - ypOB8Hl, ,D;OCTOBepHOCTK I'lllllOTBSll. Ilo.7IY'leHH!ll pe
SYJll,TST HSXO,D;lITC.11 B COOTB8TCTBHB C RSMepeHIDl'.Mlil npH 8B8PrHB B CUM 
62 !'BB: 1 = (2,5:!:,0,4) (ThB/c)-I. . 
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PHc. 7. CneKTP poE,IteHHllX I\~ 
no nonepe'iBOMY m.my~cy. 
CMOIIIHS.11 RpBBa.11 COOTB8T
CTByeT saBBCBMOCTB "a" • 
DITpBXOBa.11 - saBBCHMOC
TB "6". 

CneRTp poJr,ItaDIIIIIXC.11 " 6 -
'iaCTBn no Be.mrinme ((JelmtaBoBc
Rol nepeMeHHOI X JIBJ!JleTC.11 B!m

HOI xapaRTepHcTmtol, 0Tpazal)
lll8i1 Me:xaHBSM poE,IteBB.11. IlocROJll,
KY aqxI>eRTBBBOCTl> ycTaHOBRB 
mc-2 CKJll,BO SaBBCBT OT mmyJll,
ca 'iaCTBn, a SHa'iBT,B OTB~
'iBHH ((JefuIMalioBCROI nepeMeHHol, 
ESMepeBHe x-cnexTpa BSZHO .nmr 
onpe~e~eHl!l.11 noJIHoro ce~elD!Ji 
polll;IteHK.11 B .naHHOM axcneplDleHTe. 

Paspa60TSHa MeTO,D;Bxa BSMepeBB.11 cneRTpa no qe:ttm,aHOBCROI nepeMeHHOI 
MeTO)tOM pemeBJIJI llBT8rpa.!Il,HOro ypaBB8HK.II. Ilpo~eJiaHll pac'ieTH .JlJl/i pa_s
JJJAJDa B8,Pll8BTOB 8HepreTB'ieCROI samrcWOCTB ll' }i)IJr pasJlll'lmllX mmyncma 
cneRTpoB imcnn ny'iRa. Onpe,neJleHa BeJIK'iHHa oe'ieHK.11 poll,lteBB.II B "BX.ItB-
1101• cneRTp0118TpOM O~CTB 0,4 <X <I. 
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0,ItHH R3 nOJIY'IeIDlliX BapRaHTOB cneKTpa no qieil:HMaHOBCKOft nepeMeHHOft 
Il0Ka38H Ha PRC. 8. 

!? 
o 10 

2 PRc. 8. Cn~KTP poz.ztemwx A6-
6apROHOB no qieil:HMaHOBC• 
Kott nepeMeHHol. Kpmm:
MR Rso6prutelll,I npe.ztcKa
saJmJI: a) - M0.zteJIJI 
"B036Yl!,l(elillJI apoMaTa" 
(CWIOIDHSJI JIHIDIJI), 6) -
pacqeTOB KXJl (mTpmco
BaJI JllUmSl), B) - MO.zte
JIH BffYTpeHHero apoMa
Ta (111TpmmyHl<T.ilpH8JI 
JmHHJI), r) - nepHqJepH
qecxol Mo~eJIH (DyHR
THPHaJI JimmJI). 

a. 
<t 
Cl 

' I a. 
'8 10 ,,,-✓ 

/ 
~ 
I: / 

/ .-· 
X 

l:J 
I .· 

i 
b 

l:J 
i 

i 
cii 

10-1 

0. 0,4 0,8 IlpH aIIIIpORC~ KHBapH
Xr (~) aHTHoro ,ltl!;qxpepeHitRaJ.11,Horo ce-

qem,:JI.<lJy}nmRel (I - x)N· no
JIY'I8Ho N = I' 6±0. 5±0 '2. ECJm saBHCRMOCTl, ,nxgxl)epeHitRaJ.11,HOro Cil8KTpa 
no qielHMaHOBCROI nepeMeHHott OT aTOMHoro Beca MmlI8Jm COB~8T C COOT
B8TCTBYJ)IIIKMH 3aBHCKMOCTm.m 06HllHWC 6apHOHOB, TO ~ poJr,IteIDIJI ;\6 Ha 
ffYRJIOHaX MOlEHO OlltK,IJ;STl, N = I' 4 .±,0' 5±,0' 2. BeJIH~a IlOKaSaTeJIJI N COB
M8CTl'IMa C e~ett, qTo CBJmeT8JI1,CTByeT B IlOJil,SY ~parueHTSUHOHHOro 
MexaH:H3Ma poz.zteHKJI 6apHOHOB B He:l!TpOHHOM ~e. 

IloRasaHo, qTo H3Meperui:oe nonepe~oe ceqem,:e poz.zteHKJI /\ 6 B 06-

JIB.CTH 0,4 < X < I CJIB.60 saBHCHT OT BapKSUHI cneitTpa He:ltrpoHHoro nytma 

H xapaKTepa 8HepreT~8CKOI 38BHCRMOCTH ceqelil!JI POJUt8IDIJI H 0OCTaBJIJieT: 
Br 6(x >0,4) = (iI±4±I) MR6H/JW)O 12c, 
B2 6(x :::,-0,4) = (4,0.±,I,6±0,7) MR6H/JW)O 12c. 
.lvIJI onpe.zteJieJmJI B8Jlllqlllll,I ceqelil!JI B o6JIB.cn X> 0 ,nxgxl)epeJm11aJI1,

Hoe oeqeJme 6HJIO 8KCTpanOJIHpOBaHO B 06JIB.CT1> 0 < X < 0, 4 C Il0MOlllYl 
npe.ztCRS38.!ml ~ MO,It8Jiett poz.zteIDIJI oqapoBaHHHX 6apHOHOB, C,IteJiaHHWC 
.It1!JI o6JIB.cu eHeprHI B CUM nopJJ,ItRa IO raB. Ilpx BlillllCJiemm ceqelillJI pOJt-

. ,IteHl!IJI Ha eyKJIOHaX 6wm HCnOJII,30Balll,I pesynTaTH .ztPyrJ!X 8RCnepD8HTOB: 
napnHWHaJI BepoJITHOCT1> pac~ B2 = (2,8.±,0,7±I,I)% H saBHCl!MOCTl> ce
qeHKJI po~eHHJI otmpOBaHHHX tmcTim OT aToMHoro Beca W'llllemt A: 
6" ~A o, 5±,0,05. EH.n:o IlOJiyq8HO (683 yqeTa OWH60R H3M8P8ImJI CB8THMOC

.TH ~20%): 

10 

Mo.zteJII, B1 6(x>0) B2 6(x;;;,-0) 6(x:;,- 0) 7--2 Ha cTeneH1> 
(pHc.8) MR6H/JW)O 12c MR6H/JW)o 12c MK6H/eyKJIOH CB060,ItH 

a 22±4±4 8, 0.±,2, 0.±,2, 0 45±,15±,22 0,3 
6 21±4±3 7, 8.±,I, 9±!, 7 43±!5±.20 I,O 
B 7,0.±,I,3±!,5 2,6±0,6±0, 7 I4±I5±.7 0,6 
r 5,0.±,0,8.±,0,8 I,8.±,0,4±0,4 I 0.±,3±4, 5 I,2 

2 . 
CY.ItJI no B8Jlll'll!HaM 1-, HH O.ztHY H3 pacCMOTpemmx MO.zteJieH HeJil,3JI HCKJIIO-
l!l!T1> )JY'l'8M cpaBHeHHJI ee npe.ztcxasaHHtt c H3MepeHHllM cneKTpoM no giettHMa
HOBCKott nepeMeHHott. 

B KaqeoTBe HlDltHett rpa~ H3MepeHHoro ceqeHKJI p~eHKJI /\~ B3H-
TH pe3yJI1,'1'8TH, IlOJiyqemme C IlOMOlitl,B) MO,It8JIH "r", B npe.ztnOJIOlltemm 3aBH-
0:HMOCTH ceqelillJI OT aTOMHoro Beca Mm1I8Hl!I 6 ~ A1 : (5 (x >0)=(5, 0.±,I ,5±2± 
±I) MR6H/Hy.KJIOH,r.zte ll8pB8JI onm:6Ita - CT8TRCTRqecxaa,ocTaJU,HH8 - CRCT8Ma
~80l0!8, npxqeM Tp8TM 0B.H38Ha TOJil,ltO C Heonpe.zteJI8HHOCT1,]I) H3MepeHHH 
CB8TlilMO0TH axcnepHMeHTa. 

CeqeHHe p0llt,It8IDI.H otmpOBaHlil,IX tmCTJm H3M8P.HJI001, B PH.zt8 3ItCnepHMeH
TOB npx as:epl'HJDC B C!Ud OT 19 ,Ito 63 ToB (pxc. 9). 

5 10 3 D NN➔~ ... PRc. 9. CeqeHHe p~eHR.H otmpo-
< o NN➔ D/D ... BaIDlliX tmCTJm B 8JU)OHlll,IX ~ 
>. • n-N➔ D/D ... B38RMO.ztelcTm!RX B RHHeMa-I 

' THqecKott o6JIB.CTH x> 0. 5.10 2 , , , , , CTpeJIKott OTMeqeHa HHl!HSVl 0 

·' _,1---.---V 
\0 
·:.: rp~ ~T08MYJI1,CHOHHHX l: 

10 .ztaHHHX. KpHBHMI! H3o6pa-f -f / 
xeHH. npe.ztcKasaHBJi: I 

----- (JIYHKT.ilpHSJI), 2 (mTplDC-0 ,~,., : ./_/··· 
I\ , , 

JIYHRT.ilpHa.H), 3 (mTpmco-, .· 
~1 .. 

_./ 
BaJI) - pacqeTOB KXJl, / 

b .... i .. 4 (OWIOIDHSJI) - nepHgiepH-
10-1 

: . -
qecKOtt M0,IteJIH. 
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Pe3yJI1,TaTli H3MepeHHtt pa3lll,IX 9RC
nepm.leHTOB npH O.ItHOtt 9Hepl'lm 

HM81>T 3HSl!l!'l'8JI1,lll,II pas6poc. ~eCTBYJOT ~RTOpli, 38TPY.ItWmmBe_npm.1oe 
cpaBHemte .ztammx. Ilpx SKCTpano.lIJrUlr!H ceqeHH.H po~eHR.H Ha Jr.Itpax K ce-

. qemm p~eHWI Ha eyKJIOHaX C IlOMOllll>D CTenemicitt 3aBHCm.l0CTH 6 ~ AO, 75 

IlOJIY'UIJ)'l'CJI B8Jlll'll!HH, IlpH6Jm3HT8JI1,HO B 2 pasa 60JI1,WHe, qeM .ItaDT Ilp.H
we H3M8peHWI HS Bo.ztopo.zte. IlapJlHa.m,Irue BepoJITHOCTH pacna.n;oB A~ He
,ItOCTaTOTUIO Hsyqelll,I. PesyJI1,TaTH ysKoanepTypHw:: 9RCnepRMeHTOB JIBJIJmTC.H 

10
2 

✓S , fo1B 
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CMI,HO SBBRCHMHMl! OT npe,ItIIOJiaI'aeMWC xapaxTepRCTRlt polll',ll;eHRll:. Ha PRC. 9 
npne.zteHH C8'18Hl!II polll',ll;eHl!II O'!JaPOBBHHWC '!JaCT:Jm Ha HYRJIOHSX B Klm8MBTR
'18CKOil o6J:racTR X >0 B npe,ItIIOJIOXemm saBRCl!MOCTR (5~ Ao, 75 C8'18HRSI OT 
aTOMHOI'O Beca MRI118HR (.ztOnOJIHRT8JJ1,HO RS06pallt8Hli llITPllXOBl:lMIJ JIRHlUlMH pe
sym.TBTll nepec-qeTa B COOTB8TCTBRR C SBBRCRMOCTJ:,Jl O--: A I) • HsMepeHHoe 
ce-qeHRe npR sHeprmr :e CW,i ~60 ThB cocTBBJIH8T 150 - IOOO MK6H, npx 
::mepnm ~26 ThB COCTaBJL<IeT I5 - 80 MK6H. IlpR SHepnm cepnyxo:ecxoro 
ycxopRT8JIJI IIOWIMO SKcnepnteHTa EHC-2 oimpoBBHHl:le '!JaCTRitll Ha6J.IJJ.na
JIRCD npR IIORCKe H8i1Tpam.HHX BTOPR'IHHX BepllllIH B <poTOSMYJII,CRH. IloCKOJII,
KY B STOM sxcnepnteHTe H8RSB8CTHB CHCT8MBTlfli8CKWi OllllI6KB, KOTOPBJI 
MOJteT YM8HDIDRTD Ha6JI!l,ItaeMoe ce'leHRe, Ha PHC. 9 OTM8'18Ha HRZHJm rpaHR
~ RSMepeHHOI'O C8'18HRH B <poTOSMYJII,CJm Ha ypoBHe ,IJ;OCTOB8PHOCTH" 85%. 

Pesym,TaTll 3KCII8pHM8HTa EHC-2 B o6JIBCTR X > 0 HBJIJll)'.l'CJI MO,It8JJ1,HO -
SBBRCRMllMII, ll03TOMY Ha PRC. 9 llOKBSBml 2 SHB'l8HRSI: "HlllZHml ~n 

ce-qeHRJI, COOTB8TCTBYJ)IIIBJI SBBHCRMOCTR 6 ~ A1 , R HBR60JJ1,IIIBJ:[ HS llOJIY'l8H
ma B8JilfliRH. CpaBHeHRe ,IJ;BHHllX npH 8H8Pl'l!JIX 27 H 60 ThB B CUM yxasHBB
eT Ha 6HCTpldt POCT ce-qem pOl11',11;8Hl!II O'IBpOBBHHllX 'IBCT:i;m C 8H8prllel. 
.IJ,amme BfC-2 I'OBOPHT B nom,sy 60JI88 CJl86ol SBBRCRMOCTR. 8To Taiate 
ll0,IJ;TB8plll',ll;B8TCJI HSMepeHReM OTHOW8Hl!II ce-qeHlJI IIPH 8H8PI'JIHX 39 H 26 ThB 
- I,7±0,5, BHnOJIH8HHllMH B !986 r. 0 nOMOutr,I) nyBl:lpDKOBOI KBM8pl:l BHCO
KOI'O paspemeHRSI. 

Ha PHC. 9 KplmllMIII Rso6pBJteHH H8KOTOpl:le TeopeTlfli8CKRe npe,IJ;CltBSa
HRH SBBRCRMOCTR C8'18HKJI pOlll',ll;eHKJI O'IBPOBBHHHX 'IBCT:i;m OT 8H8prmt, no.ny
'18HHH8 B paMRBX: I -3) - pac'leTOB npo~eccoB CJIWmlilR: rJillOHOB R l'tBBPKOB 
B KI.I{ C HCllOJJ1,30BBHH8M pasJIR'IHWC_B8JIH1!RH napaMeTpOB; 4) -nepRqlepnec
xoa MO,It8JIR. Kalt mr,D;HO, pesym,TaTl:l paC'l8TOB no KI.I{ JI8ZST CHCTeMaTneo- · 
KR mute axcnepl:IMeHTBJJ1,HllX B8JIH1!RH. MO,It8JJ1, 3 He IIPOTRBOP8'1RT ,ItBHHHM . 

BfC-2 H y;It0BJI8TBOPRT8JJ1,HO OllHCHBB8T ,ItaHJme npH 6bJil,m][X 8H8pI'HJ:ll:. Mo
,It8JII, 4 Y.ItOBJieTBOPHT8JII,HO OllHCHBB8'1' ,ItaHJme EHC-2 (nOJIY'l8HHll8 IIPll llC
nOJII,$0BBHJDI npe.ztCKBSBHHOI'O B 8TOI Z8 MO,IteJIJI x-cneKTpa), O,IJ;HBKO IIJIOXO 
corJiacyeTOH c ,IJ;BHHHMH IIPH &Hepm B CIUI ~ 27 ThB. 

B SBKJJJRem CqJOPMYJIHPOBBHH OCHOBJme pesym,TaTl:l JI BHBO,IJ;H ,IJ;HC
C8PT~• 

OCHOl3HliE PE3YJI1TA'IH H HiB0,Ill:I .IlliCCEPTAUHH 

I. Ha~eHO 8,lij)OHH08 pol11',11;8Hll8 O'IBPOBBHHllX 6ap]!OHOB /\ ~ B Hel'l'
poH-yrJiepo,ItHHX BSBRMO,It81CTBHJDC npH 8H8pl'D Hel'l'pOHOB 40 - 70 raB. 8To 
JIBlt1100D nepBHY Ha6JI!l,IteHH8M 8,lij)OHHOro polll',ll;eHRH O'IBpoBaHHHX 6apllOHOB 
npH 8H8prRJI, YeJIDmel, '18M Ha YCKOPJl'l'8JI8 ISR • Rulo sapeI'JIO'l'JlBPOBBHO. 
HBR6oJIDmee no cpaBHemm c ,IJ;BHHIDOJ ,Iij)YI'l[X axcnepnteHTOB JtQJIB-qeCTBO o,m
poBBmlliX 6aplloHoB A 6. 
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2. 8ape:racTpRpOBaHll pacna,ItH OtrapOBaHHWC 6apROHOB no .ItBYM KaHBJiaM: 
A°6 - R°p 11+ ii-, (I) 

A~ - /\ 0 11+11+Jf-, (2) 

neplllrl1 RS KOTOpllX Ha6JIID,IJ;BJICH BnepBHe. llsMepeHo OTHOWeHRe nap~am,HllX 
BepoHTHOCTeil pacna,IJ;OB no -KaHaJIBM (I) H (2): 

B1/B2 = 2,7±0,8,t0,2, 
r.zte nepBBJI OWH6Ka - CTBTRCTR'l8CKBJI, a BTopaH - CHCT8MaTR'l8CKruI. 

3. llsMepeHH ,IJ;Hqxllepe~am,~e ce'leHHn po'1r,Il;eHRH /\; no nonepe'IHoMY 
m.myJJ1,cy PT R qietiHMaHOBCKOil nepeMeHHOtt X B Ha6JI!),It88MOtt o6JiaCTll 
PT <I ThB/c :e: x > 0,4. Ilp:e: annpoxcRManmi .ItHqxllepe~am.HHX ce'leHHtt 
SBBRCRMOCTJ:,Jl N 

E d 36 /d p3 --. exp(- 1P-r)· (I - x) no.ny-qeHo 
1 = (2,5±0;6J (rsB/c)-1 , 
N = I,6±,0,5±0,2. 

IlOKaSBHO, 'ITO B H8i1TpOH-R;It8pHHX BSBHMO,ItettcTBWDC O'IBPOBaHHlle 6apROHll 
06pasymCJ1 B npo~eccax T:e:na q,parMeHTanmi._ 

4. llsMepeHO C8'18HR8 /\ ~ H8i1TpOHBMR IIPH cpe,IJ;Reit sqxl)eKTRBHOil SHep
I'lm B CUM I0,3 ThB. B pesym,TaTe aHBJIHsa sxcnepHMeHTam.HHX .ztaHHllX: 

a) IlOJIY'l8HH MO,It8JU,HO-H8SBBHCRMH8 B8JIRtmlill nap~BJU,HllX C8'19HHil 
IIPR X >0,4: 

Br·6Cx>0,4) = CII±4±I) MK6H/R;ItPo 12c, 
B2· 6{x >0,4) = (4, 0±,I ,6±.0, 7) MK6H/R;ItPO 12c; 
6) SKCTpan~ C8'19HRH B o6JiaCTD O < x < 0,4 B paMitax p~a MO-

,IteJiel polll',ll;eHllR: o-qapoBBHHl:lX 'IBCT:Jm ,ItaeT 
Br· 6 (x>O) = (5 - 22) Mit6H/R;ItPO 12c, 
B2·6(X>O) = (I,8 - 8) MK6H/R;ItPO 12c; 
B) Ha OCHOBe HSYepeHHHX B .lU)YI'RX 3KCIIepRM9HTBX BeJII.IlllllW B2.B sa

Bl!Cl:IMOCTJI C8'18HRS{ OT STOMHOI'O Beca MHIIISHH onpe,IteJieHa BeJIH1!RHa C8'19HHH 
~8HRSI Ha HYRJIOHe: 
- YO,It8JIHIO-H8SaBBCHMO 6 (x:;,0,4) = (22+9+II) Mit6H/JiyRJIOH; 
- B pasHHX 11O,IteMX 6 {x:,,O) = (IO - 45) MK6H/JiyRJIOH. 
Ilo.ny-qeHa Hllllllml ~ B8JlifCIHHH C8'18HRH B PBMKBX MO,IteJIR, npe,ItCKaSHBB
lllll8I _HBH60JI88 9 a8CTKoe" pacnpe,IteJieHRe IIO qieihndaHOBCKOI nepeMeHHOI H 
,JtJISi SSBBCJIMOCTR C8'19HlllI OT aTOMHoro :eeca 1.mmeHH 6 ~ A 1 : 

(i Cx>O) = (5,0±,I,5±2,3) MK6H/HYRJIOH. 
OTMe'IBeTCH, 'ITO HSMepeHHBH B8JIIPmHa C8'19HRH p~eHRH A 6 B OROJIOnopo
I'OBOI o6JiacTR OK8SBJIBCD_ 6om,mel, '18M 6w10 npe.ncKaSaHO 60JJ1,11IHHCTBOM 
TeopeTB11ecma: Mo.zteJiel. 
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IlpoBe'AeHo conocTaBJie:ime no.ny-qeHHWC peaym,TaTOB c HaMepe:imm.m 
npH 6om,nmx 8HeprnJDC, YR83HB~ee Ha 6oJiee CJia6ym 8HepreTl:JT.I8CRym 3a
BHCHMOCTb ce~eHHR, ~eM O.lKE:,ItaJIOCb Ha OCHOBe CY1118CTBOB8BIIIHX paHee 'AaH
HHX. 

5. Co3~H KOMilJieKC nporpaMM MO'A8JIHPOB8HWI Ha SBM pR,Ita qlH8l:JT.I8CKHX 
npo~eccoB H perncTpau;im roe C IlOMOIIU>ID MarHHTHOro cneKTPOMeTpa. 0TH 
nporpaMM& nmpoKO HCilOJll,3YllTCR COTPY.ItHH118CTBOM no 8KcnepHM8HTaM Ha 
ycTaHOBKe El1C-2. 

6. IlOKa3aHa nepcneKTHBHOCTb RCCJie~OBaHHR o~pOBaHHWC ~CTlm npH 
cepnyxoBcKHX 3Heprl'IJ'DC. Ilo.ny-qeHHHe B ~ccepTau;im peaym,TaTH JierJIH B 
OCHOBY IlJiaHHpyeMHX HCCJie~oBalilitt o~pOBaHHWC ~CTlm Ha cepnyxOBCKOM 
ycKOpHTeJie. 
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