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U~QD~4~ ~t40rLtr~ tr4~tq &G~~RU6UUULU4US~L 

uuuu~t4srnutsr 
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'V.U~tUSOfu~'VU, GL~U'<l,ULO'<l,, '1.~~U40SU'V 

s.umrq.ursuv, t n.uur4ursuv, L.4.<I>UGLU4SU'-' 

1.J4wpwqpqwo t tfti2m4mJj:llI pt4np\It;pp tipqiau ianJ:i111wdwc!wuw4witiu 

UUJti4mpnc!timp, npn l!wjuwmtiuqwb t c!fl2flll tllt.pqpwl!tip[l mpplllJJanttf gwbp 

c!j12m41It.11j1 :jinurnmpnhtfwl! munufhwu11pmJilJU1l! hwc!wp: Uuit.41npmft.mp]1 

mpwtfwi_wttiwpqc!wl! wprumlI11litpn l! w2tuwmwl!11wJ]ll! pllnl(awqptip[l_ umu1gl(wb 

t;[J 
252

C/ j1l11?l!Wptip mpnhtlmt Ul![pjntpp tf[12ngnl(: Cl-pwl!gqnl[ rt.qnpl!tip!1 

tfwuuwjp 80-160 tf.w.tf. mppmJiamtf umwgqwb t O m. "'2-3 tf.w.tf. [Ill-

bml!w4miaJmlI: 

Uujt4m[lllUGU1Jl[! tjlll[ldUIJ14tlwb t £)"ma ::=l. 75 q.t<l wpql.[UJ4UJJji\I bUJllUJ-
238 

qwJJHfw\I :jinmn\Ilttpp tfp2ngnq U tfj12mq\Itipp tn[lnhtfw\I qj1mw1j11111.!11ul: 

tpliwlt[l :PJ1qfll1w1p plmui]iu111tm 

BBE11EHY1E. 

B nocneAHMe roAbl K RBJISHHJO AeneHMA TA:r.enw x AAep B o6nacTH 

npoMe::r.yTO'-IHblX 3HeprH1'1 npoRBJIRSTCA noB:O!W9HHbll~ MHTepec B CBR31i c 

06Hapy::r.eHHet1. s pRAe 3Kcnep11MeHTOB [ 1-41 1131.~eHel-!HA MexaHM3Ma 

ASJISHMR npH OTHOCHTSJlbHO Bb!COK11X nepe,.!!.a9a!?l.1b!X 3Hepnrnx. 3TM 

AaHHble He cornaCOBb!BaJOTCR c Tpa,D.MUMOHHblM npe,!!.CTaB.~eHl19M 0 pas-

HOBSCHOM cTaTl1CTM'-ISCKOM npouecce' y ,.'(OB.1STBOp!HS.1bHO on11cb1aa10-

UIMM H113K03HepreTl1'-ISCKOe ,D.e.1eH11e B paMKaX Kane.1bH01'1 MO,D.SJIM HA-

pa. 

B AproHHCKOJ~ Hau110HaJibHOI'i na6opaTop1111 C CUJA) [ 1 J np11 11c-

cne,.'(oeaH1m AeJieHHR RASP 
238

U npoToHaMH c ::JHepr11e1~ 11 . 5 f38 Ha -

6JIJO,D.aJIOCb 3Ha'-IHTSJlbHOe (HeCKOJlbKO npoueHTOB OT nonHoro '-IHCJia) 

KOJIM'-ISCTBO co6b!Tl11'1 6MHapHoro CMMMSTp11'-1HOrO ,!J.enel-!MA c 60JibW01'1 

HS,11,0CTaJOtU91~ MaCCOl'i c !J.H > 60 a. e. M) B 6anaHC9 Mace conpR:t:eHHblX 

OCKOJIKOB. 11.1R 3Tl1X co6bIT11H oKa3a.13.Cb T3.K:t:9 33.9b!WSHHOI~' no cpa -

BH9Hlil0 c o6bJ'-1HblM ,D.eJieHl1SM' cyMMapHaR K11HSTWI9CKaR 3Hepr11R oc-

KOJIKOB, onpe,D.enReMaR MX KYJIOHOBCKMM oTTanK11BaH11eM. AHa.qorvt.'-IHble 

pe3yJibT3TbI 6bIJil1 nony'-leHbl np11 ,D.e.qeH1111 R..'(ep 
238

U, 
232

Th, 
197

Au, 

184 W B JleHHHrpaACKOM MHCTMTyTe R,D.epHOI~ g>11311Y.11 ;.ia npoTOHHOM ny-

'-!Ke c 3Hepn1ei:i 1 f38 [ 2, 31 11 a UEPHe l-!a ny4r.e aHTHnpoToHoB c 

3Hepn1ei:i 6 M3B [ 41. B 3THX 3r.cnep11MeHTax TaK:t:e per11cTp11poaa­

Jil1Cb co6b!TH9. c 6oJibW01'1 He,D.ocTacwei:t Maccoi:i, conpoeo::r.,D.aJOt1111e npo­

uecc ,D.e.qeHJlR H CBl1ASTSJlbCTBYJOUll19 06 OTK.qOHSHl111 OT o6bI'-IHOrO Me­

xaHl13Ma. Hacr.OJibr.o Ha6JIJO,.'(aeMbIH npouecc, nony'-l11sw1111 e n11Tepa Ty-

pe Ha::" 
•e .. ,_ l en t fission" [51, 06ycnoe.1eH npoReneHHeM Ho-

Bb!X CBC V:t: ASHHOl'I R,D.epl-!OH MaTep1111, noKa)l(yT AaJJbHei:tw11e 

TeopeT11'-lecK11e 11 3Kcnep111.1eHTa.qbHb1e 11ccneAOBaHl1R. B HacToRwee 

speMR HHTepnpeTaUHR 06Hapy:1<eHHoro 3¢<jleKTa pa3Hb!M11 asTopaMM HO-

c11T Ka'-leCTeeHHbll~ 11 HeOAH03Ha4Hb11'1 xapaKTep. B <1acTHOCTH, AproH-

. HCKaR rpynna Ha6JIJO,D.aeMb11'1 3<jl<jleKT CBR3bIBaeT c JJ060Bb!M CTOJIKHOee-



nor.10111b>:> ¢oTOS1,n.epHbIX ::ir.1}•J11oc:1111 I '.II, (.Q;1op~~au111x S1AP3. TS'l:r.e.•bIX ::i.•e-

1.1eHTOe c ueJiblO M3}"IeHIH1 p lllflJ> Ha Tp11 11 60.•ee co1131.~ep11-

Mb!X no Macce OCKOJIY.a. a T3.K~ llQ~:OJ11llieapHblX co6bITl1I1 611HapHoro 

AE'JieHMS1, conpoeo:r.,.'l,aeMblX 60J1i.won 11y~:J10HHOl1 MHO:f.eCTBeHHOCTblO. 

0AHOepeMeHHO AJIS1 AeTa • .c.Horo 11:>)"10111111 npouecco9 TaY.oro nma Ha 

K3.HaJie raMMa -1 3 •• eY.TpOHHOrO CV.HXpOTpo11a l::pll'Y1 6b1.•a C03,.'l,aHa 3Y.c­

nep11MeHTaJibHaS1 ycTaHoeY.a Ha 6a::ie 11,oynJie11eeoro epe~rnnpo.•eTHoro 

1.1acc-cneKTpo1.1eTpa. 

HlieM npOTOH3. c ~APOM, BCJie)l,CT911e 4ero 113 S1,.'l,pa 9b!JieTaeT 9nepeA 

3Ha4HTSnbHOe KOfll14eCTBO HyKnOHOB, pacKanb!Ba~ ~~po Ha A83 6n113-

KMX no M3.CCe OCKOJIKa . 1.-13-3a 6blcTpoTe'IHOCTI·'. npouecca S1;xpo He 

ycneB.3.eT .n.etpopM11poeaTbC$1, 11 pa.::JJieT cneKT3.TOpHb.I>-: OCK0 .'11<08 npo-

MCXO,!I.MT c 6Jl1!3KOro paCCTOS1Hl1Sl. l ITO np11BO)l.HT K 33.Bb.Jl!JeHHb/M 3H3. -

4eHHSlM HX Kl1HeTH~teCKOA 3HeprMl1. B noJib3Y TaK011 11HTepnpeTau1111 

ce11,11.eTeJibCTeyeT TaY.ze yrJioeoe pacnpe,11.eJieH11e OCKOJIKOB, ewJieTalO­

w11x npe111.1ywecTBE'HHO nOA yrJIOM 90° OTHOCl1TeJibHO Hanpa9JieHl1A ny-

4K3. [6}. 

Ol IY1C.l\Hl'11::: :3!\Cl ll:::f'Y!MloH J'/\JJbHOY1 YC l'tdlOlJKl'1. II no MHeHl1lO JieHMHrpa,n.cKOl1 rpynnbl. aHOMaJibHO 60JibWl1E' H)'KJIOH-

()6t:;l1i1 911,.'l, 3Y.Cnep111.1eHT3.JlbHOI'1 ycT3.HOBKl1 np11ae,.'l,eH H;;. p11c. 1. 

ny40~ TOpM03HblX ra1.~1Aa-KB3HTOB, o6pa30BaHH~~ H3. EHyTpeHH9M ~OH-

eepTope EpeeaHcKoro :ineKTpoHHoro c11Hxp0Tp0Ha, nocJie Y.O .. IJ..1111.MaU,MM. 

11 0411IUeHMA OT 3apS1:r.eHHOl1 KOMnoHeHTbl nona,n.aJI Ha TOHY.)'C S1,.'l,epHylO 

Ml1WE'Hb AB)'XnJle4eeoro cneKTpoMeTpa. J].JIR MOHHTOpHpoeaHI1S1 M 113Me-

peHl1S1 MHTeHCl19HOCTl1 naAalOIUero ny4Ka 11cnOJ1b309aJICR KB3.HTOMeTp 

8IrnbCOH3.. 

Ha p11c. 2 npMee,n.eH cxeMaTH4eCK11A BHA AByxnne4eeoro epe~rn-

r.po.•eTP.oro Macc-cne1npo1.1eTpa c :>JieY.TpOHHOA 6JioK-cXeMOI1 1~31.1ep11-

TeJibHoro TpaKTa. CneinpoMeTp cocTOHT H3 ABYX HAeHTi-i'iHS:>: n.>ie4. 

co6p3.!-!;.ib!X e Bb!COKOB3.KYYMHOl1 KaMepe c Mal~-~apOBblMl1 OKH3.MH To.~w11-

HOI~ 50 Mr/ci/ no Tpacce npoxOl¥.AeHHS1 ny4Ka. B KaMepe no..'l.Aepl¥.v.­

-6 
ea.KS'! eaKyy!J 10 Topp nyTeM Henpepb!9HOA OTKa4Kl1 3.•eKTpopa3pS1-

AHb!M 1.1arH11THb!M 11acocoM HJM-300. 

CneKTPOMSTpb! aH3.JIOr114HOrO THna np11MeHRJIHCb B !10,111. Ha 

~Tl1X ~1 c1·aHoexa:< 11cnOAb30Banc>1 OA 11H CTapTOB~A AeTe~TOp ~~~ 060-

!~~ r1;1e11 Ha OCHOBe BTOpI1LIHO~ 3JieKTpOHHOA 3Ml1CCl111 c per11c:Tpau,11e1:: 

3~eK1·poHOB c noMOmbo CU11HTl1AA>IUJ10HHOrO C4eT4MY.a. 8 K2'-19CTBe )t'.e 

£-,.'J,eTeKTOpOB np:111.eHS1J13.Cb ll.03a!1Y.a nnJJ. MaJib!X pa31.1epoe . .'J.rn yJiy4-

WE'HMS1 epe1.1eHHoro pa3peweHl1s:! Cl1CTeMbl B onHCbI9aeM0~( cneKTpOMeTpe 

2 

Hbie n0Tep11 np11 61rnapHOM ,n.eJieHMH 06ycJioeneHs1 06pa3oeaHHeM suep-

HO HeCT3.611JibHOro TpBTSero OCKOJIY.a. B CJIY43.E' Bb!COKOA CTeneHM 

B036y~)l.9Hl1>1 3TOT OCKOJJOK no.nHOCTblO pacna.n.aeTC>I H3. OT )leJihH!::..le 

HyKJIOHbI 11 JierK11e <jlparMeHTbl. Be11,11.y Toro. qTo pa3ea.• HecTa611Jis-

Horo TpeTsero OCKOJ!Ka npOHCXOAMT 3Ha4HTeJibHO 6sICTpee' 4eM noc­

Jie)l,ylOIUee ,n.eJieHMe OCTaT04HOrO S1Apa. coxpaHS'leTCA ,n.eyXTE'JlbH3.A K11-

HeMaTMKa npouecca C 71. B nOJib:>y :non l1HTepnpeTau1111 

TBYlOT AaHHb!e Ae.~eHMS1 R,11.ep 
238

LJ npOTOHaMH C £p=l r:iB 

C9HAE'TeJibc-

9 S'!AepHblX 

<jlOT03MYJihC!1S1X, 9 KOTOpb!X BbIAeJieHbl co6b!Tl1S1 ABOI1Horo AeJieHMs:!. 

conpo90ZAalOIUMecs:i MHO:r.ecTeeHHOCTbIO 3apS1zeHHbIX ciacTI~U C n. > 1 OJ 

18). 

l-13 Bh!WeJ13 .. 'lO>KeHHOro >!CHO. 4TO :)TM o6bRCHeHM>I HOC>IT BeC!::..M3.' 

npeA93.pHTBJihHb!A Ka4eCTBBHHb!l1 xapaKTep 11 HYZA3.IOTCA e ABTaJibHOM 

TeopeTl1' IE'CKOM OC>•SICJieHM!1. 0AHaKO He AOC Ta T OK 3KCnep!1>.1E'HTaJibHblX 

AaHH~X, OTHOC~WMXCR rJiaBH~M o6pa30M K peaKUl~>IM Cl1A!::..HOB3a HMO-

AeAcTBYlOIUMX ciacTMU c RAP3.Ml1, cywecT9eHHO 3aTPYAHS1eT 0,.'l,H03Haci-

HY!O MHTepnpeT3.U11lO ABJIBHl1S1. no3TOMy MOZHO npeAnOJIOZl1Tb, 4TO 11c-

CJieAOB3Hl~>I fteneHl1R TR~en~x >t)lep ¢oTOHaM11 npOMS~)'TOLlH~X 3Hepr1~A 

,'l.OnOJIHRT cywecTeyIOIUYlO 11H<jlOpMaU11IO 0 MexaHV.3Me AeJIBHl1S1 Bb!COKOB0-

36y:K,n.eHHS!X s:i4ep. Pa6oTb! e :>TOM HanpaeneH1rn e Ep<l>l-1 npoeOAS1TCS1 c 

3 



Ka:Y...'l,Oe n.~e40 11MeeT CBOA CTapTOBblll .n.eTeKTOp BTOp11'1HOJ~ 3.1eKTpOH-

HOA 3MJ1CCJ111 c per11cTpauHeA 3neKTpOHOB M11KpoKaHanbHbIMH n.1acT11-

HaM11 CMKnJ, npeeocxoAAWHMH ceo11M11 epeMeHHCIMH xapaKTep11cT11KaM11 

cu.11HT!1.'Ut>!LtHOHHb111 C4eTt..JMK. Kpo~·.~e 3Toro. e ~3HHOM cneKTpoMeTpe 

.!J,Jl51 ynpouteHIHl 3~TJ9KTpOHMKl1. Cb.~}.~:-. !1 o6p3.60TXl1 !1!-!¢opt.~3.L!.M!~ e K.3. -

c1eCTBe £-.n.eTeKTOpOB BMeCTO M03al1Kl1 npiH!.eHeHbl no.1ynp08Q,!(Hl1KOBble 

AeTe~;Tops1 ( nfJ,L.l) 60.%WOJi !1.10W2.-'\i1 ( 20 o./), C03,!13.f-;HS!e 8 P2.A11eBOM 

11HcT11TyTe HM. Xnon11Ha CCaHKT-neTep6ypr). 

HAeHT11¢11KaUHA npo.n.yKTOB eo epeMAnponeTHOM cner:TpoMeTpe, 

Kax 1~3B9CTHO, npOBO~HTCR MeTO~O~ 0)1,HOepeMeHHOro 113~ep9HM~ B 

06011x nneyax cKopocTeA CMeTOAOM epeMeH11 npcneTa !) 11 Kl1HeT111.Je­

cr.1~x 3Hepr1111 l" peri~cTp11pyet.1s1x 'jlpan1.eHTOB. Macc3. i1 1~~.my .1sc ¢pa -

rMeHToa e xa~aoM n~eL1e eoccTaHaen11ean11cb c no~.1ouisJC1 C.1S',!l.)'!OW11X 

COOTHOWeHHJl: 

11 

p 

1 . 92 E "' t 
2
/L 

2
, 

57. 6 E <t l/L, 

r..'l,e E H3MepAeTCA e M38, t e HC, /1 - e a. e. ~.1. , P - M::;B./c. 

(1) 

npo-

neTHa>i 6a3a L e K:?.)!()l.OM n.1e4e paeHa 50 CM 11 onpeAe.rneTcA pac-

CT09.!-! 11eM Me:t:}l,y "cTapT" l1 "c;on" C4eT4MY.aMl1. 

CTapTOBbIA CHrHan Bb1pa6aTb1BancA BpeMeHHbIMl1 ,!leTeKTOpaMJ1 

c BlD . pa60Taom11M11 Ha OCHOBe BTOp11'1HOJ'i 8 .1eKTpOHHOl1 :nu~cc1111 113 

TOHKY1X 3MMTTepos e CQ\leT 1 1 1 ; !: ! c Mf!K. 8 c.nyt13e perMCTp3.!1,11!1 Hl:Y.e-

.1SIX ¢parMeHTOB 11 ocr: • .J B .n.e; .w1 a KaciecTee ::i~.~IHTepa 11cnonb-

30sanacb Ko.11.110.n.11ee~ ·· _ rp11 H11 T· ~uenno.11e3a) nne1-1Ka T0.11UHP.OA 2'' 

30 MKr/cM
2

. .l\JIA 3¢¢eo-KTl1BHOI~ per:~cTpau1111 nerirnx A,!1ep!-1SIX ¢pan 

HTOB CA< 20 a.e.M.) np11MeHAnl1Cb 3Ml1TTepb! ynpaenAeMoA BTop114-

HOA ::ineKTpOHHOA 3MJ1CCl111 H3. QCHOBe pwxnblx A113neKTp11KOB C KC l, 

NeO. CsJ) TO.~W11HOH ~ 100 MKr/et/. TaK01·0 Tlm3. AeTeKTOpc.1 noA-

po6Hc Cnl1C3Hbl B 1121. .Ll1~~l-<BTp pa60 '1e11 nnot113.,!IJJ CTapT0 8b!X AeTeK­

TOpoe COCTaB~An 30 MM. 

I\ 

CTon-cJirHan Bblpa6aTbJBancS1 no.11ynpoBO-'\Hl1KOBblM noeepxHocT­

Ho-6apbepHb!M Si.C A1.1) .n.eTeKTopoM, KOTOpb!M o.n.HoBpeMeHHO 113Mep>i-

nacb 11 3Hepr11>i 4aCT11Ubl. .ll11aMeTp pa6o4eA nnoma411 nn.ll COCTaBJIAn 

50 MM. a TOJIWHHa 06e4HeHHOA 30Hbl np11 CMet11eHJ11i 100 8 npeBb!Wana 

100 MKM. 
-3 

TenecHb!A yron Ka)!(.n.oro nne4a cocTasnAn 7·10 cp c yr noablM 

aKcenTaHCOM 10°. Cpe,ll.HHA yron Me)!()l.y nne4aMl1 Mor MeHATbCA B 

npe4enax OT 160° 40 180°. 

11ccne,ll.yeMaA .ll.BYXCTOpOHHAA TOHKaS"l (OT 0. 2 )1.0 1Mr/cM
2

) s:i.n.ep­

HaA MHWeHb npe,ll.CTaBJIAJla )l.11CK )l.J1aMeTpOM 30 MM, pacnoJIO)!(eHHb!A no,ll. 

yr JIOM 45° OTHOCHTeJlbHO HanpaaneHHA ny4Ka 11 OCH cneKTpoMeTpa. 

M11weH11 113rOTOBJl>lJll1Cb B Pa.n.11eaoM HHCTHTyTe 11M. Xnon11Ha MeTO)l.OM 

BaKyyMHoro HanCIJI9HJ1S1 COOTBeTCTByomero BBIUBCTBa ( Z3BU, 23ZTh, 

ZOPBi. 11 ,ll.p.) Ha TOHKYD no.n.no:i<Ky Alz03 TOJJWltHOA 60 MKr/c~/. 3aK-

penJieHHYD B MenKOCTPYKTYPHOA HHKeneeoA CBTKe npo3pa4HOCTbD 90%. 

C6op, HaKonneH11e 11 npe,ll.aap11TenbHa>i o6pa6on;a 11H¢opMau1111 c ye-

Tbtpex aHanoro-u11cj>poac.rx npeo6pa:iosaTeneA C AUnJ, Ha BblXOAbl KOTo-

pb!x nocTynan11 ClffHaJlbl OT .n.eTeKTopoe, npOH3BO..'l,H.~11Cb c nOMOWbD 

MHKpo-3BM .llBK-3. Tp11rrepHb!A CHrHaJI. Bbl3bIBalOWllA npepb!BaH11e 3BM' 

ab!pa6aTb!BancA apeM>i-aMnnHTY.ll.HblM npeo6pa:ioeaTeneM CBAnJ o.n.Horo 

11:i n.11e4. 3THM )Ke 6noKOM ynpas.11s:i.1111cb ece A Un. T. e. ece c11r1-1anb1 

nocTynan11 Ha npeo6pa3osaH11e TOnbKO np11 Han1141111 11Mnyn1>ca aopoT 

An11Ten1>HocT1>0 5 MKC oT BAn. SnoK ynpaen>iomero BAn 3anycKa.11c>i 

Cl1HXp011Mny nbCOM OT ycKop11Ten>i ,ll.ntne.~bHOCTbD ~ 4 MC. COOTBeT-

CTByomeA speMeHHOA paCTA)!(Ke ny4Ka np11 4aCTOTe CJ!e)l.OB2.Hl1A 

HMnyJlbCOB 50 ru. 

nporpaMMa HaKOnJleH11S1 ,ll.aHHb!X 6b!Jla COCTaB.~eHa TaKl1M o6pa -

30M, 4TO np11 nocTyn.11eH1111 Tp11rrepHoro c11rHa.11a s 3BM 3an11cblaa-

JIJ1Cb TOJlbKO Te co6b!Tl1A, KOTOpb!e COOTBBTCTBOBan11 cpa6a Tb!BaHHD 

OAHOBpeMeHHO scex YeTb!pex AUn 11n11 .n.eyx AUn o.n.Horo nneYa. TaKHM 

5 



o6pa30M r.pe,ll,yCM3. Tp1183.JIOCb 11 :n:epeH1~e r:aK J~HKJIJ0311SHbJX cneKTp08 

c OAHOn~'leL1ees1e cpa6a Tb!B.3.HH>:) !lp0,!1.YKTOB pe3.KU.11!~' T3.Y. 11 co8na)l,a-

Te .. 'lb.Hl:.!:.-: e o6oHx nJie4ax. JlJis;i :<OHTpo.1,1 3a XO)l,OM 3KCnep11M5'1-!Ta 8 

Te\ 1eP.11e r:a:o/.,.:i,011 3:-:cno311u.1111 npoeo)l 11Jiacb r.pe....'I.E:3.p11Te .. •u: .. H3.S! 06pa60T­

~3 r.0CT)'nao~11x c11rHanoe e pe3.~bHOM MacwTa6e epeMeH11 c Henpep~­

BHh!M e!:.ICBe4J1SaEHeM pe3yJibT3.T08: H3. ~BeTHOI\~ rpa¢HlleC~:oM ...'I.MCnJiee 

e 811,ll,e )l,8YXMepHb!X [- ( cner.Tpoe ,.!l,Jl>l o60J<X nJie'-l O)l,HOSpet.!eHHO' 

KoHTp0.1b 3a 3arpy::ir.a11.11 11 3<jl<j;eKT1~91-!0CHlMl1 ;i:eTe1nopoe npo-

eo;i:11J1cs;i c noMOU!bJO cxeMw coena;i:eH11A CCC) 11 nepecLJeTHoro np116opa 

cnnJ. H3.KOnJieHHe )l,3.HHWX npOH380)l,HJIOCb 1-!a r116r.11x MarHJ1Tl-!~X )l,HC-

r.ax C fMJl) ;i:Jisi ;i:aJibHel1we11 06pa60TY.11 Ha 33M M11Kpo-V AX. 

KAJH15POBKA cnEKTPOMETPA 11 Ero PA50'il1E XAPAKTEP11CTl1KY1. 

KaJ1116poeKa cner.TpOMeTpa 11 11ccJie)l,08aHMe ero pa60411x xapaK-

TepMCTHK npoeO)l,HJll1Cb c llCn0.1b3093.HHeM )l.8YXCTOpOHHero 11CT04H11-

r.a cnoHTaHHoro ;i:eJieH11n 
2 ~ 2C/, pacnono~eHHoro Ha MeCTe pa604e1~ 

MHWeHu. BpeMeHHasi 11 3HepreT11'-lecr.an KaJI116po8Ka cner.TpcMeTpa c 

ylJeTo!.1 aw1mny ,.!l,Horo ,.!1,e<jleKTa r.o.1ynpoeo,!l.H11Koeoro .1J,eTeKTopa ocy-

wecT8.rn.~acb MeTO,ll,OM, on11caHHbJ!-.1 a 11 31 . AMnJIHTY,!1.HWA Ae<jleKT nn,ll 
8WpazaeTcs;i 8 TOM, 4TO np11 per11cTpau1111 T5!:!<e.~blX MHOro3ap5!,.'l,HWX 

'13.CTMU' 8 33.8MC11MOCTl1 OT MaCCb: l<OHa. HapywaeTcs;i nponopu110HaJ1b­

HOCTb Me~AY 3Hepr11eA 43CTMU~ ~ aMnJil1Tl'~OA e~XOAHOro c11rHana 

il!l.!1. 3T3. 3aBHCHMOCTb 3Hepri~11 CT a~.~n¥'l!1TYA.bl )I.JJ)l ¢11r.c11pcsaHHOJit 

Mace~ HOHa npe~cTae~~eTc~ e e11~e: 

E = Ca + a'MJx + b + b 'H, c 2) 

r .a.e £ Vi N - '3Hepr11~ 11 Macca i-10~:::., x - coo:eeTCTBYJOUld.9. 3.Mn~'lMTy-

,11a c1irHa."?.. a, b, a' , b' - Y.2.JI1~6posotJHb1e K03¢¢11u11eHTbl. 8 1131 

:>TH Ko3¢<j>11u11eHTb1 onpe;i:ens;iJ111cb ,!l..rn ocr.o,1r.oe 
2 ~ 2C f, 11c:.o."c3ys;i 

npe.n.8ap11Te."bH.)'IO ~:aJI116poeKy nn::. ycKopeHl-!blMl1 110H3.Ml1 
79P.r 11 

127 I' 

c noMOl!lblO 3Tl1X K03!j)¢11u11eHTCe, C95!3aHHWX c H3.118epo,:i+HWMl1 3Ha4e-

(1 

HHSAMl1 aMnJI!iTY )l, ·"erKl1X 11 TSAZeJlblX rpynn OCKCJIY.09 ?L M PH 

3) cJie,11.yom1u1. o6pa30M: 

a = 24. 0203/C PL - PH) 

a' = 0.03574/CPL - PH) 

b = 83.6083 - aPL 

b' = 0.137 - a'PL, 

Cp11c. 

ocymecTe."s;iJics;i nepexo)l, OT aMnJI11Ty )I.bl K 3Heprirn no <j:>opMy ·"e C 2). 

Bo speMAnpo."eTHwx cner.Tpax ocKOJIK08 ,ll.eJ1eH11s;i 
2~ 2C/ C p11c. 4) He 

6WJIO o6HapyzeHO HeJI11HeAHOCTl1, CBSA3aHHOJ1 c nJia3MeHHOJ1 3a.n.ep:1<KOA 

c11rHaJia nn.a 1141. 3ToT <j>aKT no)l,T8epz,11.aJ1cs;i xopow11M corJiac11e11. Cs 

npe;i:eJiax 1 %) 113MepeHHWX HaM11 Ha118eposiTHb!X 3Ha4eH111l cr.opocTeV. 

ocKoJIK08 ,!l.eJieH115! 
252

C f c )l,aHHb!M11, noJiy4eHHWMl1 e I 131 . 

Tar.11M 06pa::io11., .n.Jis;i Kaz.n.oro co6b1T11s:i HaXo)l,11JI11cb pea."bHWe 

::iHa'-leH1rn E 11 t )l,JI9. conp5!ZeHHwx ocKOJIK08, 11 c noMOl!lbJO C 1) onpe-

)l,eJISlJIHCb 11x 1.~accs1 H1.2, 11MnyJibCW P1,2, cyMMapHble 8eJil1411Hbl [1 + 

+ £2, H1 + /-12 11 OTHOWeH1rn P1/P2. HeKOTOpb1e pacnpe)l,e.1eH11~1 3TMX 

seJ111ci1111 .ll.-1>' oc1<0.1Y.oe 
252

C f np1.1ae)l,eHb1 Ha p11c. 5, 6, a cpe.n.HHe 

3Ha4eHl1A H cpe.n.HeKBa)l,p3.T l14HWe OTY.JlOHeHl1A 3Tl1X pacnpe;i:eJieHl1A 

)I.JI>'! 0,11.Horo nJiecia conocTae.1eHb! c .n.aHHblMl1 1131 e Ta6Jl. 1. KaK 

811,11.HO, cpe.n.H1{e 3Ha4eH11s;i co8na,11.a10T c xopowen TOLJHOCTbJO, a cpe)l,-

HeK8a;i:paTl14Hble OTK."OHeHlrn HeCKOJlbKO OT Jll14aJOTCSA' 3TO pa3.mcrne 

MOZHO 06-sACHMTb pa3pewa10me1~ cnoco6HocTbJO Hawero cneKTpo11.eTpa, · 

TaK KaK 113MepeH1~>1 s 1131 npoeo.n.1rn11cb Ha 6oJibWOJl npoJieTHol1 6a::ie 

(~ 215 CM) c 6oJiee 3b!COKOJ1 TO'-lHOCTbC. OueHKH pa::ipewax:imer1 cno-

co6HOCTI! cnel<Tpo~M?pa no 3Hepr1111 11 Macce, no¥rry11eHHb1e Vf3 3TM.X 

pe3yJibT3.T08, B c;::·i=.n.HeM COCTae11J1:1 COOT8eTCTBeHHO (j'E ~ 2 M38 M 

OM ~ 2+3 a. e. M. Te ze 8e."M411Hbl 80 8TopoM nJie'-le, co CTOpOHbl no-

AJ1ozK11 11cT04Hl~Ka 252
C f. HBCKO."bKO OT Jll14aJIHCb OT np118e;i:eHHblX 9 

Ta6J111ue 3Ha4eHHA. 3To, no-811.n.11M0My, o6ycJioeJieHo Cl1CTeMa Tl14ec-

Kl1M11 ow116K3Ml1 113MepeHHA, ces;i::iaHHWMl1 c 3HepreTl14&CK11Ml1 noTep>lMH 
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e nOAJIO:t:Ke HCT04Hl1Ka 11 3Ml1TTepe CTapTOBblX ,n.eTeKTOpoe. Hanp11-

Mep, ::iTa cu1116Ka e 11::iMepeH1111 cyMMapHoA ::iHepnm conpsi:t:eHHblY. oc-

KOJIKOB COCTaBHJia 6 M::iB c 37.) • a a OTHOWeHl111 P1/P2 1~. npH 

o6pa6oTKe AaHHblX y4eT 3HepreTl14eCKl1X noTepb 4aCT11L< e MYf!U9H!'! 11 

CTapTOBblX AeTeKTOpax n03B0.1SleT cyu1ecTBeHHO yMeHbWl~Tb 96'JJl1'111H.)' 

CHCTeMaTHLJeCKMX ou11160K. 

Ta6JI11ua 1. 

CpeAH11e 3Ha4eHHSl 11 cpeAHeKaaApaTH4Hble OTKJIOHeH11si 

pacnpeAeJieHl1A Kl1HeMaT!14eCKl1X napaMeTpoe OCKOJIKC'B 
252

Cf 

EL CM::iB) 

EL CM::iB) 

NL Ca. e. M.) 

HH Ca. e. M.) 

EL + :::H 

HL + MH 
p / p 

1 2 

pa::ip.cneKT­

poMeTpa 

OE CM::i8) 

tl11 Ca. e. M.) 

AaHHble HaCT. pa6. 

cpeA. 3Ha4. Cp.KB.OTKJI. 

103. 8 5.9 

79.7 8.5 

106. 5 6.8 

142.0 7.1 

177. 0 15. 0 

250.0 6.0 

1. 04 0.07 

2 

2 - 3 

AaHHble [ 13] 

cpeA.3Ha4 Cp. KB. OTKJI. 

103.77 5.48 

79.37 8.23 

106.0 6.53 

141. 9 6.55 

183.0 

248.0 

1. 0 

E'.::i 

O. b - i.5 

0AHOA 113 ea:¥.Hb1X xapaKTep11CTl1K AByxnJielJesoro cneKTpOMeTpa' 

11cnOJib3yeMor1 np11 onpeAeJieHHH nonepe4HOro celJeH11si npoueccoe, 

mrnsieTCSl reoMeTpH'-!eCKaSl 3<j><j>eKTHBHOCTb. ycTaHOBKH. 0Ha onpeAeJisi-

eTC>l KaK OTHOWeHHe 4HC.1a CJiylJaee • 3aper11cTp11poeaHHblX 06011M11 

n.~eL!aMH OAHOapeMeHHO, K 411CJIY cpa6aTbleaH11s:! OAHOro n.1elJa. Pac-

8 

lJeT ::i<j><j>eKTl1BHOCTl1 MeTOAOM MoHTe-KapJio npoeoAIMCSl .c y4eTOM pa::i­

Mepa nSlTHa B nepecelJeHl1H ny4Ka c Ml1WeHblO, npo::ipa4HOCTeA Ml1WeHI1 

( 88%) 11 CTapTOBblX AeTeKTOpOB ( 82%). np11 "HAea.1bHOI~ ;C>CT11pOBKe 

nJielJ noA yrJIOM 180° OTHOCl1TeJibHO ueHTpa Ml1WeH11 reoMeTp114ecKa>J 

3<j><j>eKTl1BHOCTb cneKTpOMeTpa OKa::ia.1acb paBHOA 627. 11 ::ias11c11Jia B 

OCHOBHOM OT npo::ipa4HOCTl1 MMWeHM 11 AeTeKTOpoe. 0AHaKO pe3)'JlbTaT 

252 3KCnep11MeHTaJibHblX 113MepeHMi:! 3<j><j>eKT11BHOCTH c MHWeHblO Cf no-

JIY411JlCSl c 427.) 3HalJ11TeJib.HO HH:t:e paclJeTHOro. Y4eT yr JlOBOro pac­

npeAeJieHl1Sl OCKOJIKOB cnOHTaHHOro AeJieHHSl 
252Cf' H3MepeHHoro e 

[151, YJIY4WHJI corJiac11e paclJeTHoro ::iHalJeHHsi C527.:l c 3Kcnep11MeH­

TOM, HO pa3HHUa B 10% OCTaJiaCb. 3Ta pa3Hl1Qa, OlJeBHAHO, o6ycJio-

BJleHa TOlJHOCTblO IOCT11p0BKH nJielJ cneKTpOMeTpa. .l\eACTBHTeJibHO, 

pacclJeTHoe 11 3Kcnep11MeHTaJibHOe 3Ha4eH11si coenaJIH, KOrAa a 

tJeTe yroJI pacTaopa Me)!(AY nJielJaM11 6blJI yseJIJ14eH Ha 0. 3°. 

A11MOMy. TaKOBa TOL!HOCTb IOCTHpOBKl1 AeTeKTOpos ycTaHOBKH. 

pac-

no-s11-

.l\Jisi cpasHeH11si e Ta6.1. 2 np11BeAeHbl HeKoTopble pa6otJ11e xapa-

KTepI1CTl1K11 Aef1CTBYIOU111X 9 pa3HblX Hay4Hb.IX UeHTpax AByXnJielJeBb.!X 

speM>inpoJieTHblX Macc-cneKTpoMeTpoe. 

Ta6JI11ua 2. 

XapaKTep11cT11K11 AeyxnJie4eBblX BPeMsinpoJieTHblX 

Macc-cneKTpoMeTpoe 

XapaKTep11cT11K11 ANL C CWA) JJY15l<I>( Pocc1rn) LE ARC C £RN) HacTo>i11111f1 

OT,.!leJib.HOro nJielJa 1111 {101 1171 ClleKTpOMeTp 

npoJieTHaSl 6a33 , CM 
TeJieCHblA yron, cp 

Maccoeoe pa3pewe­

H11e, a. e. M. 
3.5 

?O 
-3 

7. 5· 10 

- 3 

70 
28·10- 3 

~ 2 

50 
'?·10- 3 

2.;.3 

KaK Bl1AHO 113 Ta6.1HUb.1, C03AaHHblA HaMJ1 cneKTpOMeTp no yKa -

3aHHblM napaMeTpaM ycTynaeT T0.1bKO ycTaHOBKe LlEPHa' B KOTOpoi:i e 

Ka 4eCTee E-AeTeKTopoe np11MeHeHbl w11poKoanepTypHble Ma Tp11Ub.I PIN-

9 
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A110AOB, 06.q3.,11.a10w11x JIY4Wl1M epeMeHHblM pa3peweH11e1.~ no cpaeHeH1110 c 

1111.ll. np11 O,.!l,11H3.KOBOM 3HepreTl14eCKOM pa3peweHl1M. 

nepBbie 113MepeHl19. AByXnJieLJeBb!M epeM9.npo.qeTHb!M t.iacc-cneKT­

poMeTpOM npOBO)J.J1Jil1Cb Ha nyLJKe TOpM03Hb!X <j>OTOHOB c £ymo.x= 1. 75 

r38) C M11WeHblO 
238

U TOJiwl1HOA 0. 35 Mr/cM
2 

np11 yrJie paCTBOpa w.e-

)!(.11.Y nneLJaMH 180°. Ha p11c. 7 np11ee,11.eHbl Maccoeoe pacnpe,11.eneH11e 

O,.!l,11HOLJHblX OCKOJIKOB 11 cneKTp cyMMbl Mace conpmr.eHHb!X OCKOJIKOB 

¢0To,11.eJieH11s:i 
238U. H3 <j>opMb! Maccoeoro pacnpeAeJieH119. cJie,11.yeT, 

'ITO B KOJIJil1HeapHOi:i reoMeTpM11 perHCTp11py10TC9. B OCHOBHOM OCKOJIKl1 

Hl13K03HepreTH4HOrO aCMMMeTpH4HOrO ,11.eJieHMSl, o6ycJJOBJJeHHOrO y-

KBaHTaMH 113 o6JiaCTM r11raHTCKoro pe3oHaHca Cl0-20 M3B). 3TOT 

pe3yJibTaT xopowo cornacyeTcs:i c AaHHb!MH pa6oTbl {161, rAe Macco­

BbIA cneKTp OCKOJIKOB <j>OTOAeJieHl1Sl TOpM03Hb!MM <j>oTor.aMH c Eymo.x 

1 r3B nepecLJHTb!BaJics:i H3 3HepreTw-1ecK11x cne1npoe, 113MepeHHbIX c 

nOMOwblO llll.lJ.. 0 HM3K03HepreTH4eCKOM AeJJeHl111 C911,.!l,9Te;1bCTSYIOT 

TaK)!(e He60JJbWHe HYKJJOHHble n0Tep11 c !!H ~ 3) np11 o6p3.3093.Hl111 oc-

T3.T04Horo AeJJs:iwerocs:i s:i,.!l,pa, nony4eHH~e 113 C)'i!M3pHorc cneKTpa 

M:acc. 

Pe3yJibTaTbl 113MepeH1111 noKa3aJ111, 4TO c03,11.aHHblli AE:yxn.qe4eeo11 

epe1.rnnpoJieTHbii:i Macc-cneKTpoMeTp cTa611JibHO pa6oTaeT e 3r:cnep11-

MeHTe Ha nyLJKe <j>OTOHOB TOpM03Horo 113JJy4eHYJSI c !1HTeHCl1BHOCTblO 

10
9 

Ke/c. YcTaHOBKM TaKoro T11na MoryT ycneWHO MCnOJJb30BaTbCSl B 

3KCKJll03MBH~X MCCJleAOBaHl1SlX npoLteccoe AeJieH11n M <jlpan1eHTa[.l1111 

no,11.n11c11 K pMCyHK3.M 

P1~c. 1. CxeM3.T11t..tecK1111 9'11.!l. 3Kcnep11MeHTaJJ.bH011 ycTaHOBKH: 1 -ce11H-

l.1_0Bbll1 KOJI-'!1MaTop. 2 - 0411wa10w11A ~13.rHl!T' 3 - 6eTOHH:?.'1 

33.w11Ta, 1 - 93.KYYMHb!A ny4KOnpOB0,11., 5 ..'l.ByxnJiet1eso11 

speMnnponeTHb!A cneKTpoMeTp, 6 - KB3.HTOMeTp. 

P11c. 2. 6.qoK-cxeMa AByxn.qe4eaoro epeMs:inponeTHOro cneKTpOMeTpa: 

B)l - epeMeHHOii CTapTOBb!A ,11.eTeKTOp, llr!.lJ. - no.qynpoBOAHH-

Koe1om AeTeKTop, ny - npe,11.yc11n11TeJib, .ll.Cll - Al1CKpMM11Ha -

Top co cJie,11.s:iwHM noporoM, CY - cneKTpoMeTp114ecK1111 yc11-

_q!1Te.qb' BAil - epeMn-aMnJJHTY AH bl A npeo6pa309a Te Jib' CH 

Cl1HXp011MnyJJbC ycKOpHTe.qp,' rs - reHepaTop aopoT' CC · 

cxeMa coanaAeH1111, AUil - aHaJ1oro-Lt11<j>poeo11 npeo6p3.30ea -

TeJJb, llll - nepec4eTHblI1 np116op, ,ll.BK-3 - Bbl4MC.~11TeJibHb!A 

Kot.m.qeKc Ha 6a3e M11Kponpol.leccopa HC-80, rM.ll. - n16rn11 

t.~arHHTHblli Al1CK090A, r .lJ. - rpa<j>M4eCKHI1 AHCnJieA. 

P11c. 3. A~.m.q11Ty AHblll cneKTp llll.Ll OT OCKOJIKOB 
252c f. 

PI1C .. i. CneKTp BpeMeHJi npo.qeTa OCKO.~KOB 252C/. 

P!lc. 5. 0AJ1H04HOe Ii cyw1.apHoe MaccoabJe pacnpen,eJieHM>! 

znCf. 

OCKO.~KOB 

PH~. 6. Pacnpe~eneH11e nonHoA KHHeTH4eCKOA 3Hepr1111 . conpR~eHHbIX 

OCKOAKOB 
252

Cj. 

P1~~ 7 . 0~1~HOt4HOe 11 cy~:M3pHoe Maccos~e pacnpeAe~eH11n 

¢0To,:i.eJ1eH1rn 
2 ~ 9U np11 yrne pa3JJeTa 180° 11 L)"nc.x 

OCKO}JK OB 

~. 75 

T9.:KeJib!X 9.Aep. l'::i8. 

ABTOpb! Bblpa:KalOT rny60Ky10 6narOAapHOCTb BapTaneHlHY r. A. 

COJISlKl1HY r.E. 3a noJie3Hble COBeTbl 11 06cy)!(,11.eHJiH, CoJIOBbeey c.c. 

COJIOWeHKOBY n. c .. nawaeey c. M. 3a 113rOTOBJJeHMe !1.::WeHeV. 11 nn.ll.. 

a TaK)!(B CapKMC9.HY z.r .• HepCiiCHHY ~ • .Ll. 33. noMOIUh e pa6oTe 11 

Ec11HOA A. n. 3a nOMOWb e o<j>opMJIBH1111 H3.CTOSlwe1~ CTaTbM. 
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Pll.c . 7. 

lleyxnneqeeo1~ epeMsmponeTHblA Macc-cneKTpoMeTp 

9.ABpHblX cpparMeHTOB. 

AAea39.H r.M., AcTa6aT9.H P.A . , 6aA2J19.H r.B., Jl.eMeXHHa H.A. 

KaeaJJOB P.n.' l<aK09.H s.r.' Maprap9.H D.n.' MapKap9.H 3.P.' 

fiapnaK9.H fl. I<. 

C Ha pyccK. 9.3b1Ke) 

TexHH4eCKHA peAaKTop A. C. A6paMS!H 

fioAn11caHo e ne4aTb 05.10.94 
OcpceTHasi ne4aTb Y4.H3A.n.0,5 
3aK.THn . N 181 

<l>opMaT 64x84/16 
THpa:« 100 
Y!HAeK'c 

0Tne4aTaHO B EpeaaHCKOM ~H3H4eCKOM HHCTHTyTe 
EpeeaH-36, yn.SpaTbea AnHXaH~H 2. 

r !p(rnpi1HT Ep<N1-1 t1ti1 c 11 )-9'::3 

JJ.BYXfiflEYEBOY1 BPEMSfiPOflETHb1Y1 MACC-GlEKTPOMETP 

5lllEPHblX <llPAf"MEHTOB 

r.M .AAea39.H , P.A.AcTa6aT9.H, r.S.5aAaJl9.H, 

H. A.Jl.eMexMHa, P.n.Kaeanoe, B.r.KaK09.H, 

D.fl.Maprap9.H , 3.P.MapKap9.H, fl.K.fiapnaK9.H 

Orn~caH AByxnne4eeo11 epeMsmpo.~eTHb1 11 cne>npoMeTp 9.AepHblX 

¢parMeHTOB, npeAHa3Ha4GHH~~ )l,JIA HCCJISAOBaHHA cj>OTO)l,eJJeHHA TR•e­

Jl b!X 51,n,ep B npoMeit:yTOl-lHOl1 06Jt3CTM 3H0pr1111. npMBt7,Jl.eHb! p-c>3,YJJ.ST3.Tl.:.I 
. . 

KaJI116poeK11 11 pa6oq11e xap.;.r:TepMCTI-!K11 cneKTpoMeTpa. no11yqet-1Hbl.:::? c 

HCnOJJb30BaHHSM HCT04HHK3 cnOHT3HHOro ABJleHHA 252C/. B )l,Hana30-

He Mace peri~CTpHpyeMblX CCKOJIKOB 80-160 a. e. M. 

eoe pa3peweH11e ~ m - 2 - 3 a.e.M. 
no;1~"-1eHo Macco - · 

CneKTpoMeTp onpo6ceaH s 3KcnepHMBHTe no 
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ABJleHMA AAep u ¢0TOH3MM TOpM03JiOro 113ny49Hlifl 

= 1. 7'5 1-::?8. 

EpesaHCKHA cpH31lYSCKHA HHCTllTYT 

HCC.~SAOBaHll:O 

~ mo.x 
c t.r 


