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Ko3ynHH 3.M. HAP, 
3MHCCHR 6wcTpWx HeHTPOHOB npH B3aHMOAeHCTBHH HOHOB 12c 

H 2°Ne C 3HeprHeH 9 M38/HYKJ10H C RAPaMH 181Ta 

P?-85-31 

H3MepRnHCb 3HepreTH4eCKHe cneKTpw H yrnoswe pacnpeAeneHHA HeHTPOHOB, 
Hcnyct<aeMWX B peaKl4HAX 12c / 1 05 1138/ + 181Ta H 20Ne/ 180 M38/ + 181Ta • 
3HeprHA HeHTPOHOB onpeAenAnacb OAHOBpeMeHHO ABYMR MeTOAaMH - speMeHH npo­
neTa H perHCTpa14HH 3HeprHH npOTOHOB OTAa4H. nony4eHHWe 3KCnepHMeHTanbHWe 
AaHHWe n03BOnHnH CAenaTb BWBOA O HanH4HH paeHosecHoro H npeApaeHOBeCHOro 
KOMnoHeHTa HeHTPOHHOH 3MHCCHH B Kall(AOH 113 peaKl4HH. Me>KAY TeM BWXOAW H yrno­
awe pacnpeAeneHHA npeApaBHOBeCHWX HeHTPOHOB B 3THX peaKl4HRX 3aMeTHO OTnH-
4aOTCR. nyTeM cpasHeHHA AaHHWX HaCTOA~eH pa60TW H AaHHWX APYrHX pa6oT noKa-
3aHo, 4TO npeApaeHoeecHaA 3MHCCHA HeHTPOHOB HMeeT 6onee H30TponHoe pacnpe­
AeneHHe, 4eM B cny4ae npOTOHOB, npH OAHOM H TOM >Ke BXOAHOM KaHane peat<l4HH. 
nony4eHa HH~pMal4HA O 3aBHCHMOCTH BWXOAa npeApaBHOBeCHWX HeHTpOHOB H npo­
TOHOB OT Maccw HaneTa1001ero HOHa. npoeeAeH aHanH3 AaHHWX C HCnonb30BaHHeM 
CTaTHCTH4eCKOH MOAenH AnA OOHCaHHA 3MHCCHH ucnapHTenbHWX HeHTPOHOB, a Tat<>Ke 
MOAenH 11spa~a1001eroCR ropA4ero nATHa" H ABH>Ky~erocA HCT04HHKa - AnR npeA­
paBHOBeCHWX HeHTPOHOB. 

Pa6oTa ewnonHeHa s fla6opaTOPHH AAePHWX peat<l4HH Of1/lH. 

llpenpHHT O!hoe,QHHeHHoro HHCTHTYTa IIAePHWX HccneAOaa,odl. lly(!Ha 1985 

nepeBOA fl.B.nawKeBH4 

Kozulin E.M. et al. 
Fast Neutron Emission in the Interaction of a MeV/tlucleon 
12

c and 2°Ne Ions with 181 Ta Nuclei 

P]-85-31 

The energy spectra and aniular distributions for neutrons emitted in 
the reactions 12c /105 MeV/+ 1 1 Ta and 20 Ne /180 MeV/+ 181Tahave been mea­
sured. The neutron energy was determined using the two methods simultaneous­
ly: the time-of-flight method and by recording the energy of recoil protons. 
The obtained experimental data allow one to draw the conclusion that both 
the equilibrium and preequilibrium components of neutron emission are pre­
sent in each reaction. However the yields and the angular distributions of 
preequilibrium neutrons emitted in these reactions are noticeably diffe­
rent. By comparing the results of the present study with other data it is 
shown that preequilibrium neutron emission has a more isotropic distribution 
than that for protons in the case of the same entrance channel of the reac­
tion. In addition some information has been obtained about the dependence 
of the preequilibrium neutron and proton yields on the projectile mass. The 
data are andlysed in terms of a statistical model for description of the 
emission of evaporated neutrons, as well as in terms of the "rotating hot 
spot" model and a movinq source, for preequilibrium neutrons. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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BBEAEHWE 

B nocneAHee epeMR 6onbwoe BHHMaHHe YAenReTCR HccneAOBaHHRM 
npo4ecca 3MHCCHH 6blCTPblX 4aCTH4 e peaKUHRX c TRmenblMH HOHaMH 
npH 3HeprHRX 6onee 7 M3B/HYKnOH. PeaKUHH, conpoBOlKAa10U1HeCR Bbl­
neTOM BblCOK03HepreTH4eCKHX 4aCTH4, npeACTaBnRIOT HHTepec C T04-
KH 3peHHR MeXaHH3Ma MX o6pa30BaHHR, a TaKlKe B CBR3H C B03MQ)l(­
HOCTRMH HCnonb30BaHHR 3Toro npo4ecca AnR nony48HHR RA8P Coco-
6blMH ceoHCTBaMH /xonoAHble-TRmenble H ceepxTRmenble RAPa, 6blcTpo­
epa11.1a1011.1HecR H CHnbHO Ae¢>opMHPOBaHHble RAPa HT.A./. MHor04HCneH­
Hble HCCneAOBaHHR xapaKTepHCTHK 3MHCCHH 6blCTPblX 3apRlKeHHblX 4ac­
TH4 e peaK4HRX c TRmenblMH HOHaMH npH 3HeprHRX -10 M3B/HyKnOH 
noKa3anH, 4TO c 6onbWOH eepoRTHOCTblO /nocpaeHeHHIO c npeACKa-
3aHHRMH CTaTHCTH4eCKOH Te~pHH/ MoryT o6pa30Bb1BaTbCR BblCOK03Hep­
reTH4eCKHe RAPa H30TOnOB BOAOPOAa, renHR, 6epHnnHR H nHTHR 111

• 
npH4eM n04TH BO BCeX cny4aRX HaH60nbWaR 3HeprHR HCnyCKaeMblX 
4aCTH4 npH6nHmaeTcR' K MaKCHManbHO B03MOlKHOH 3HeprHH AnR AaH­
HOH peaK4HH /T.H. KHHeMaTH4eCKOMY npeAeny/ 121• Yrnoeble pacnpe­
AeneHHR 6blCTPblX 3apRlKeHHblX 4aCTH4 HMelOT pe3KYIO HanpaeneHHOCTb 
enepeA, a MaKCHMYMbl B 3HepreTH4eCKHX cneKTpax COOTB8TCTBYIOT 
3HeprHH 6oM6apAHPYIOIJ.IHX_HOHOB. B HeKOTOPblX cny4aRX ce4eHHe Ka­
Hana peaKUHH C e~eTOM 6blCTPblX a-4aCTH4 COCTaBnReT n04TH no­
noBHHY OT reoMeTpH4ecKoro ce4eHHR peaK4HH, 4TO CBHAeTenbCTByeT 
0 CBR3H. KaHana 3MHCCHH 6blCTPblX 4acn14 C APYrHMH KaHanaMH peaK­
UHH •. MelKAY TeM, HeCMOTPR Ha 6onbwoe KOnH4eCTBO 3KcnepHMeHTanb­
HblX AaHHblX, AO CMX nap He CYIJ.leCTeyeT eAHHOH TeopeTH4eCKOH' MQ­
AenH, 06DRCHRIOIJ.leH BCIO COBOKynHOCTb nony4eHHblX 3KCnepHMeHTanbHblX 
pe3ynbTaTOB. HaH60nbwee 4Hcno TeopeTH4eCKHX MOAeneH paccMaTpH­
eaeT npo4ecc 3MHCCHH 6blcTpblX 4aCTH4, OCHOBblBaRCb Ha npeAnOno­
lKeHHH O HanH4HH B 30He B3aHMOAeHCTBHR ABYX RAeP HCT04HHKa 3THX 
4aCTH4, 06naAa1011.1ero onpeAeneHHblMH xapaKTepHCTHKaMH. C T04KH 
3peHHR 3THX MOAeneH 3Ha4HTenbHblH HHTepec npeACTaBnReT HCCneAo­
eaHHe 3MHCCHH 6blCTPbfX HeHTPOHOB, nOCKOnbKY B 3TOM cny4ae HCKn10-
4aeTCR HCKama10111ee BnHRHHe KynoHOBCKoro nonR. 0AH.aKO KOnH4eCTBO 
3KCnepHMeHTanbHblX AaHHblX no 3MHCCHH 6blCTpblX HeHTPOHOB B peaK-
4HH C TRmenblMH HOHaMH Heeeni-1Ko, 4TO 06"'bRCHReTCR 6onbWHMH MeTo­
AH4eCKHMH TPYAHOCTRMH npH npoBeAeHHH nOA06HblX 3KCnepHMeHTOB. 

B nepBblX 3KcnepHMeHTanbHblX HCCneAOBaHHRX xapaKTepHCTHK HeHT­
P-OHHOH 3MHCCHH~ npo&eAeHHblX C HCnOnb30BaHHeM ny4KOB HOHOB 56Fe, 
68 86 · 13~ · ; . · 

Cu, Kr, Xe c 3HeprHRMH 7~9 M3B/HyKnoH, KOTOPblMH 6oM6ap-
AHPOBanHcb MHWeHH H3 RAeP peAK03eMenbHblX 3neMeHTOB H 30nOTa 
/peaK4HH _ 

56
Fe + 165Ho , 63cu + 197 Au , 86Kr + 166Er / HepaeHoeec-

2 

' 

. / HOH HeHTpOHHOH 3MHCCHH He Ha6n10Aanocb 18 - 61 • B 3THX pa6oTax YAa­
nocb · .YAOBneTBOpHTenbHO onHCaTb yrnoe1,1e: 11 3HepreTH4eCKH8 ·pacnpe-
Ae.lleHHR HeHTpoHoe, npeArionaraR MX paeHoeecHoe HcnycKaHHe H3 ·. 
ycKopeHHblX B i<ynOHOBCKOM none <1>parMeHTOB; l!{ecTKHH ·. KOMnoHeHT -, 
HeHTPOHHoro cneKTpa; ceR3aHHblH c Hepaei:toeecHblM. xapaKTepoM 3MHc­
CHH' 6bln o6HapymeH. npH HCnonb3.0BaHHH cy11.1ecTee-HHO 6onee nerKHX ' 

_ HOH0B1 
-. HOHOB _yrnepOAa, KOTOpblMH 6oM6apAHPOBanacb MHWe~b 158Gd 17~ 

B CBR3H C 3'Ti-lM B03HHK eonpOC· O BnHRHHH MaCCbl / CTPYKTyp'bl/ 60M­
_6apAHPYIOU1ero HOHa Ha xapaKTep .3MHCCHH. B pa6oTe 181 ' rAe i-1cnonb-
30Ban11cb ny"4KH HOHOB HeOHa B pea1<4HH 150Nd + 20Ne C 3Hep'rHeH 
9,5.M3B/t-iyKnOH, mecTKHH HepaBHOBeCHblHKOMnoHeHT-He Ha6n10AaI1cR: 

. · ' .HepaBHOBeCHaR 3MHCCHR\ HeHTl)OHOB B peaKUHRX . C Hcnonb30BaH·HeM 
HOHOB HeoHa' CHa4a.na 6b1na o6HapymeHa ,;.. a peaK4HH 

20
Ne + 

181 i'a191, 
'saTeM e. peaK4HRX · 20Ne +' 150Nd1101 H . 20Ne + 165 Ho1111 ;_· ~cnonb30BclHHe 
.HOHOB KHCnopOAa Tru<>Ke '11PHBeno' _K; 06HapylKeHHIO .• HepaBHOBeCHoro. KOM­
no'HeHTa B peaK4HRX. 160+ 93Nb. ' 16o'+ 238 U 112•

131
.-- B pa66Te 1

141 
' •·, , . ' ,. ,' .. ' ' " :. . . 

·6blno nony4eHo, 4To_aHanornyHblH 3<l><l>et<T Ha6n10AaeTcR i:i-·AnR.6onee 
nerKHX, 4eM yrnepo'A, HOHOB /peaKUHR 6Li +.~9Co / •. _ . 

- TaKHM o6pa3oM,. pa6oTbl, CBR3aHHble :c. 1-1c:nonb30Ba~HeM. HOHOS 
c·_MaCCOH. M ~- 20 110Kc33blBanH. npHCYTCTBHe Hepae'HoeecHoro' KOMllO_.. ' 
HeHTa' a 1 Amt HOHOB C MaCCOH M >56 3TOT KOMrtOHeHT. He o6HapylKHBan­
CR. HOlKHo. npeAnon~raTh, 4To 3<l>~eKT He npoRBIIRilCR AnR 6onee TR- · 

. )Kenblx·1-10HOB 1,13..:3a Manora \'npeBblW8HHR 3HeprnH·· HaA ~ynoHOBCKHM. ·. 

6~PbE;POM B_=(E-Vc)/IL, riocKonbKY"AnR"i1pHoB ~
6

Kr H. 
132xe

15
•
6! 

3Ta eenH4HHa 6bina paeHa 2,5 M3B/HyKnoH; a AnR 
63Cu - .TonbKO 

1, M38/HyKIIOH. 0AHaKO B pe
0

aKL(HH 56Fe + 165Ho131
' . rAe HepaBHOBec-::- ;, 

HblX HeHTpoi-toe iaKlKe He 6blno · o6HapylKel-io, '. eenH4HHa · B paBHRnacb · .. 
' 4 M3B/t-iyKnoH ;- i"o ecTb 3HeprnH; npi-1 KoTopo~ ·Ha' 6onee nerKHX 1-10-

Hax· 3<l><l>eKT OT4eTnHBO npoRBnRnCR ~ HeAaBHo
1

~-~
1
/npH 3HeprHRX . 

. 7 '5 M3B/Hyl<J'IOH BblWe KynoHOBCKoro 6apbepa/ Ha6n10Aanocb. HCnyc~a.;, 
HHe i-iepaeHoeecHblX HeHTpoHoe B ·peaK4HH 86Kr + 166Er. , . Bee 3TO ' 
yKa3blBano ·.Ha' Heo6XOAHMOCTb nocneAOBaTenbHOrO_ BblRCHeHHR 3aBHCH~ 
MOCTH eepORTHOCTH HepaBHOBeCHOtO 3<l><l>eKTa OT MaCCbl Ha11eTa1011.1ero .. ,, ' . * . . . . . . '. . . .. 
HOHa , ,. 

-. . · OTMeTHM, 4TO 1-1ay4eH1-1e ·HepaeHoeecHoH 3MHcci-11-1' aapRlKeHHi.1x i.iac:­
TH4 npoBOAH.110Cb \ KaK B '1,1H1<nl03HBHblX 3KCnepHMeHTaX 12, 15,24I, . TaK 

\ H B KOppeJ1R~Hl1 c' onpeAeneHHblMH KaHanaMH peaK4HH ( ll( HaM npe.c(- .. 
' ., ' ' ; ' ~ , ;, ... - . : . ' ' . "· 

CT_aBnReTCR' 4TO. 6b1no -6bl none3HblM, HapRAY C H3Y4eHHeM HeHTpoH-
HblX. xapaKTepHCTHK pacnaAa OTAenbHblX KaHanOB peaKUHH' npoBeAeHHe 

·' < ' . ' ' V , ' ' c •• • • .• c • •, ' ' • ' V • 1: 
H3MepeHHH HHKnl03HBHblX 3HepreTH4eCKHX H yrnOBblX .pacnpeAeneHHl-1 
Hei1,;pbH0B-;;nocKom,1<y Ha·'-AaHHOM 3Tane'nony4eHH.fl H aHan1-1aa 3KCne:. 
p_HMeHTa.r1bHOH HH<!>OpMa4HH Heo6XOAHMO BblRBneHHe OfilJ.IHX 3aKOHOMep- · 
HOCTe~, CBR3aHHbl~ C MaCCOH W CTPYKTYPOH -HOHa ,H RAPa 'MHWeHH, 

'3Hepr11eH 6oM6apAl1PYIOIJ.lero HOHa H T ·A· B 3TOM nriaHe eecbMa '·nones-

* 3,n;ecb H ,n;aJiee npe,n;nonaraeTC.H, 'ITC> .H,ll;PO MHIIIeHH ,ll;OCTaTO'lHO 
T.HiKe.noe .7. c~eCTBeHHO. THiKeJtee Macc1,1 Ho.Ha.. · 

liM:klhut ~-~;Ji ,i11CftT"fT 1 · 
·Ufl!Kiil __ · -._·, ~ ,.~ -- ;..;,..;;·,;on'' · 
., . . - ."':-." _ .. ,~ •. Jt'.~.;.~l".t-a:;.~ 

6H&/H,!(~;TE:/~l ... 

/, 



HblMH RBilRIOTCR pa60Tbl 114•21•22~ B KOTOPblX 1-13y4a11acb HE!paBHOBetHaR 
3MHCCHR HeHTPOHOB, B03HH1<a10111aR npH B3aHMO,qeHCTBHH.11erKHX HOHOB 

. C R,qpa~H. ' • ,· ' . . . . . . ' . . . . 

· B HaCTORIJleH pa6oTe npoao,q1-1111-1cb . HHK11103HBHbl·e H3MepeHHR a6co-.. · 
111IOTHblX ceL!eHHH o6pa30BaHHR, 3HepreTH4eCKHX cneKTPOB H yr110BblX 
pacnpe,qe11eH1-1~ · HeHTPOHOB a peaKL1HRX 12C.+ 181 Ta 11 ~0Ne + 181 Ta . 

·. np1-1 3Heprni-t 1-10Hoa · 9 M3B/HyKnoH. Bb16op 3THX peaKL1HH 061>RCHReTCR 
' - - - . . ' - \ ' ' - -'· ,_ 

TeM, 4TO OHH 6bl11H ,qeTailbHO H3Y4eHbl C _TOLIKH 3peHHR 3MHCCHH 6blCT'"'. 
PblX 3apst>KeHHblX LlaCTl-11.1 11•21 ~ B TOM. 4HC11e ..... npOTOHOB. .. . .. 

,-,. ~ . -- ' " 

,: 

METOAHKA 3KCnEPHMEHT~ 

. H3MepeHHR npoao,qHilHCb Ha. BblBe,qeHHblX ny4KaX Y~Kop1-1Te11eH TR>Ke- ·' 
11blx 1-10Hoa Y-200 1-1 Y-300 fla6o~aTop1-11-1 ~,qepHblX peaKI.IHH bHRH. ny4oK 
1-10Hoa. 12C 1-1111-1 17°Ne, npoxo.i:\R L1epe3 c1-1cTeMy Ko11111-1.MaTopoa 1-1 AHa­
<!JparM, 60M6ap,q1-1p6aa11 MHWeHb 181Ta. B 3KCnepHMeHTe 6bl11"1 1-1cno11b- ·. ·, 
30BaHbl Kai< .TOHKHe ( 4 Mr/c~). TaK .... TOJlC:Tble Ml1WeHH "13 TaHTaila. 

··: 0co6oe '.BHHMaHH
1

e 6imo y,qe11eHO BOnpocy <!JOPMHPOBaHHR. ny4Ka ·HOHOB, ·-.; 
· T. K. Ko11h1-1MaTOpb1 ·.,.. ,qHa<!JparMbl caMH RBilRIOTCR HCTOLIHHKaMH <11oi-toab1x • 

Hei:iTpOHOB. 4acTb ·,q1-1a<1JparM ',q1-1cTaHL1HOHHO ycTaHaBm1Ba11acb BO 'ape.;. .•. 
MR HaCTPOHKl1 .... ,y61-1pa11acb '. BO BpeMR' npoBeAeHHR H3MepeHHH •. Tot< .. ·\ 

I· · . · i •. · ·.. .. · . · ··. 

-:---:.----, ny4Ka HOHOB COCTaBilRil .B 3KCnep1-1MeH're OT 50 ,qo 100 HA. Bpef1eHHaR 
. '.'.-)•;:,p~K:rypa ny4Ka ,qa_BaJla B03~0lKHOCTb "13MepRTb cneKTpbl HeH,TpOHOB 

n_o BpeMeHH npo11eTa. A11R 11cK1110L1eHHR <!JoHa OT pacceRHHblX HeHTpo-
HOB 1-1 raMMa-KBaHTOB ·_H3MepeHHR npoBOAHilHCb o,qHoBpeMeHHO •ABYMR 
MeTO,qciMH .,;_ ,apeMeHH npo11eTa 1-1 3Hefrn"' npoTOHOB oT,qa4H B cci4"eia­
HHH C CHCTeMoi::i n/y-pa3,qeneH1-1s/ 1 1.CoBMell\eHHe 3THX ABYX MeTo,qoa 
np1-1 cooTBeTCTBYIOl!leH o6pa6oTKe no3Bo111-1no y4ecTb <!JoH B'H3Mepe-

, • I I ' ' I " ·-~. ./ • , • 

HHRX, . , . . . .. , . 
. B 6f!OKe ,qeTeKTHpOBaHHR . H8HTPOHOB. HCn011b30Ba11HCb MOHOKPHCTa11-. 

Ilbl • CTH11b6eHa· ,qHaMeTpoM· 70 MM _11 BbicoTo~· 50 MM. 'A11R' perncTpa1.11-11-1 
. CL1HHTHI1nRL1HH ·1-1cnoI1b30Bam1cb' <1>3Y-8i.' OJlOK ,qeTeKrnpoBaHHR tioMe- -r 
111a11CR . B nepMa1111oeebiH H CBHHI.IOBblH 3KpaHbl ~ Ka111-16poBKa cneKTPO:. 

· Me,-p1-1L1eci<oro HeHTPOHHoro KaHa11a ocyufec'rs.nR11acb. c noMo~i,•10 .pa,q1-10-
aKTHBHblX ·1-1cT04HHKOB · 11~sn' 137cs' . 22Na ', ', 88y .... (Po -'Be); A6i:o-
11ioTHaR HOPMHPOBKa. CBeTOBblXO,qa ; P( E) A11R cneKTPOMeTpa ocy111ecTBI1R- •· 
Ila Cb • C noMOUlblO MOH03HepreTH4eCl<HX. HeHTpOHOB T ( p; n )3 He -

. .,.., D(d,n)8He·-peaK1.11-1H ·Ha 3J1eKTPOCTaTH4ecKOM YCKOPHTeJie BaH..:,qe;;. 
·rpaa<!Ja 11 i-ieHTPOHHOM ·reHepaTope Hr-.400. np1-1'3TOM onpe,qe11R110Cb 
cooTHoweirne Me>K,qy 3HeprnRMl1 311eKTPOHOB ~1 npoToHOB, ,qa101111-1x paB:.. 
Hble. aMnilHTYAbl HMnyilbCOB. KpoMe He.rtHHeHHOCTH CBeTOBblXO,qa' HaMH 

.· ...... '. .). . ' . . .. . . .. . . . 
Y4"1Tb1Ba110Cb BilHRHHe Ha <!JOPMY annapaTypHoro pacnpe,qe11eHHR. Kpae;-
BblX' 3<1l<!JeKTOB ~ a TaK>Ke MHoroKpaTHoe pacce11H1-1e I HeHTPOHOB Ha yr.ne­
po,qe;: BXOARl!leM B COCTaB KpHCTa1111a. :H3MepeHHe 3<!J<!JeKTHBHOCTH '... . 

• E ( En r cne.KTPOMe:rpa .. B 0611acrn. 3Heprn1-1 ·HeHTPOHOl3, OT O ~ 5 1,qo. 20 M3B. 
np0Bo,q1-111ocb Ha· y'c:Kop1-1Te11e BaH-,qe-rpaa<!Ja ,·• a:TaKlKe Ha HCTOLIHHKe .• 
cnoHTaHHoro ,qe11eHHR 252Cf .• 8. c11y4ae ·Hcno11b30BaHHR 252cc <criet<T'p. 

', .... ,· ' 1 ' •• ' ,· " ,. - '. ' 

. i 

·1 i -
• "\✓ 

N @r . ., . ' '; Ii PHC .• I. An~ap~TYPHbm. 'npewmponeT-· 

I°".. . : HblH HeftTpOHHb!H' cneKTP. .. . . \ .•. . . / 
.. ,\ .,,, _:·.··. ,./.' 

J 
j.' 

·!l 

·'f 
. I 
~ · .. 
l '· . 

,~ 
200 

100 

.. ·· i 
. \ MrHo.aeHHbl)S HeHTp6HoB I xopowo, 1-13-

. · .. • . , • , aecTeH/17~T04HOCTb onpe,qeneHHR ;'t ·'. · 'f. ... 3<l><!JeKTHBHQCTH cocTaa11,R11_a 5-10%. · • \' . . Jt . 3<!J<!JeKTHBHOCTb perHCTpa~HH HeHT-~ 
,. _ · .. 

0 &-<~-+-kt.' · poHoB c 60J'!bWbH, 3HeprHeH ;/ ,qo · 

100 ~ 600 · ?OO :·8:;,_,P ~- 50 M38/ Bbl4Hc11~hacb TaK/ ·Kat< 
.. . · · 3To c,qenaHo' a pa6oTe 1 ~8 .,c.·y4e- · 

. TOM BKila,qa peai<QHH Heynpyroro B3aHMo,qeHCTBHR HeHTPOHOB c.yrnepo­
,qoM, BpeMeHHOe paspewet-i1-1e , cneKTpoMeTpa ', • onpe,qe.nReMoe ., no no11y- . 
WHPHHe i y -nHKa COCTaB11R110 3 ,5 HC 11; B OCHOBHOM, onpe,qe11R110Cb . 

· apeMeHHOH CTPYKTYPOH ny4Ka. H3MepeHHR npoao,qHI1HCb Ha' npo11eTHblX. 
6a3ax OT 100 A<><200 CM, .· ·. , ·. . ·.. . . . • · • 

1
, , . ·. , , · 

Ha: p1-1c. l rioKa3aH epeM~npo11eTHb1~ cneKTP, no11yL1eH1-tblH ·c 1-1cno111,- · 
30BclHHeM 6110Ka' n/y·'."pa3,qe11eHHR "'· 6e3 Hero. CneKTpoMeTp no3aomi11 

' ,· JlPOBOAHTb H3MepeHHJ1. B ,q1-1ana3oHe 3He.prnH O '5-50 M3B. HHTerpa11b-: 

'l . HaR •. H~~HHeHHO~Tb' C:OCTaBllRila .· 1 ,5%' npH .· ~Eio~peAeJ1eH,Hoc7i,{ 1<'a11i-16poBKI/ 
, aMnilHTYAHOro H BpeMei-lHoro ·TPaKTOB +1% •.. , . , •, .· . 
j. . Ka>K,qoe 3aperHCTPHPOBaHHOe C06blT~e x~pa1<TepH30Ba11ocb c11e,qyKi1111-1-

l:. · ·: MH ·.napaM·. e. Tpa·M· H .. =. aMn11_i.1Ty,qoH "'.MM.y.11b·ca c .. <1>3Y ,' apeMeH. H.· blM. :'1,1. HTep. aarioM 
. . '. OTHOCHTeilbHO HMnYilbCa ny4Ka LIHKilOTPOHa w npH3HaKOM' Bblpa6aTb1Bae-: 

MblM . cxeMOH · n / y :-pa3,qe11eH1-1R·~ . CooTBeTCTBYK>l!laR HH<!JOpMattHR, rioc11e,qo.;. .· 
BaTeJlbHO 3anHCblBa11acb B '6y<!JepHylO 0611aCTb naMRT~ 3BMCM-3 C 'no­
c11e,qy10IJIHM c6pocoM Ha MarHHTH.y10' 11eHTy.: ; ' .. • ' ·. ' . . . . 

1 •• •• CoprnpOBKa co6blrnH H <IJOPMHJ)OBaH1,1e ,qByMepHblX MaTl)HLI A~ T ocy­
j I 111ecTBI1RI1aCb C pe>KHMe 'oH-JlaHH. AailbHeHiuaR .o6pa6oTKa npoeo,q1-111acb .. 

'Ha 3BM EC-.1033~. :np1-1 3TOM koHTPOilHPOBariacb·, 1<a11i16poaKa 'aMnilHTy,q-
;, HblX ..... apeMeHHblX : KaHa!IOB' Bbl6op ABYM~PHOH 0611ac:TH; epeMR;_3HeprH.R 

,qilR .. "1
1

3y4aeMblX HeHTPOHOB, . COOTBeTCTBYIOIJlc3R. KoppeKTHpOBKa ABYMep-
HblX MaTPHLI, BblLIHTaH11e <!JOH~f •. , .. · · . . . , . . .· ... · 

3aTeM/ npoBO,tlHilOCb BOCCTaHOBI1eH1-1e· annapaTypiioro cneKTpa\ rio11y:- • 
4eHHoro. np'H 'H3MepeHHH HeHTPOHOB. no apeMeHH. npo11eTa. TaKaR. 3a,qaL1a 
R,BilReTCR 'HeKoppeKTHOH. 11 ',q11Ri ee . peweHH.R Tpe6yeTC.R .BHeceHHe ,qo..:·. .• 
no11H1-1TeI1bHOH '1-1H~OpMaL1HH, 8 HaweM c:Oy4ae npe,qcTaBHilclCb" B03MO~('"'.,. 

• HOCTb no11y1.1eHHR ,qonOilHHTeilbHOH HH<!JopMal.lHH "13 at,milHTYAHOro· KaHa11a, 
B' pe3YJ1bTaTe 6b1Jla no.ny4eHa. C:HCTeMa ypaBHeHHH BH,qa 

" ~ -· ( . . ' ; . ' ' '., ,· . . 
n . . ·. , • . . ., 
I KA(ij) z (i) =,= fA(j). 

1'=1 .. ·. . . .. ' .. 

.1 

n· 
:i K (iDZ (i);,, fT(j • 
i=l· · T. • .. 

r,qe KA(ij)-~am1ap~TYPHaR <llYHK~HR CHCTe~bl no a,Mn111-1i:y,qHOMY KaHariy;; 
· KT(ij) -:- annapaTypHaR·. <llY,HKLIHR ci1cTeMbl' no· apeMeHHOMY KaHa11y, , 

' ~ . . . . . ''. ' .. 

1''. 

i \ : \ 

:j 
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fij) . - H3MepeHHble cn;KTl)bl HeHTPOHOB e aMnn_HTy,qHOM 'KaHane ~ npe­
o6pa30BaHHble ,B WKany epeMeHHoro KaHana' fT(J) - H3MepeHHblH cne~TP 
HeHTPOHoe,eo epeMeHHOM 1<aHane, Z(i)- HCKOMblH annapaTypHblH cneKTP 
HeHTpOHOB . B. WKane. no BpeMeHH nponeTa: . 

Boc:cTaHoeneHHblH TaKHM o6pa3owannapaTypHblH cneKTp npeo6pa30-
eancR B 3HepreTH4eCKHH cneKTP HeHTPOHOB. . . . . . 

' AnR T04Hor6 y4eTa' <l>OHOBblX yc.nOBHH' 'H3MepeHHR 'npoBOAHnHCb 
H,qeHTH4HblMH cepHRMH / ,qo 10/ npHMepHO no' 30-40 MHH Ka>K,qaR, 4epe­
,t\YIOUIHMl1CR · C <!>OHOBblMH H3MepeHHRMH. KoHTponb'BnHRHHR·YCnOBHH 
31<c:nep1-1MeHTa npoeo,q1-1ncR nyTeM 1-1cnonb3oeai-t1-1R pa3nH4HblX nponeTHblx 
6a3, a TaKlKe aHanH30M pe3ynbTaTOB,,t\nR pa311H4Hb1X noporoe per11cT­
pa4HH. HeHTPOHOB. BnHRHHe 3arpy3o~Hb1X xapaK"rep'i,,icni~ CHCTeM..i onpe"'.' 
,qenRnOCb 'npH pa3nH4HblX Toi<ax YCKOPHTenR' OT ·20 ,qo 200 HA. 803;,. ' 
MOlKHOe BnHRHHe pacceRHHblX' y-KBaHTOB Ol,18HHBanocb: nyTeM aHan1-13a 
cneKTpam;HblX pacnpe,qeneHHH C Hcnonb30BaHHeM n/v :..pa3,qeneHHR . 
H 6e3 1Hero •.. 4acT,H4HO H3MepeHHR, BblnonHeHHb1e· 1-ia. l,IHKnoTpoHe Y~200, 
'61,1.n1,1_3aTeM I noeTopeHbl Ha ycKOPHTene Y-300 'e, ,qpyr1-1x 3KcnepHMeH­
TanbHblX ycnOBHRX. Bee KOHTPOJlbHble H3MepeH11R noKa3anH.BnOJlH8 
y,qoeneTBOPHTenbHOe cornac11e pe3ynbTaTOB, nony4eHHblX e paanw-~-

HblX ce~HRx.::: ' ··. ' '. , · .. , ·, ' : ,. \ i , : ,. : ' ' , \ 
AnR onpe,qeneHHR HHTerpanbHOro noToKa HOHOB 4epe3 MHWeHb npH 

npoBeAeHHH·, a6conlOTHblX H3MepeHHH HCnonb30BancR MOHHTOpHblH' Ka Han. 
,, )1oHbl, pacce1;1HHble Ha lOHKOH '200 MKr/cM2 30nOTOH, <1>oni.,re.'perncT.:. 
' pHpoeanHCb KpeMHHeBblM noeepXHOCTHo-6apbepHblM ,qeTeKTopoM. Bo 

~ I' :• • ' V . • . ' . ~ ' • 

. epeMR H3MepeHHH npoeo,qHnCR·HenpepblBHblH KOHTponb aa HYKnH,t\HblM 
,, COCTaBOM ny4Ka,, ero r!OC:TORHCTBOM H 3Hepr'HeH HaneTalOllll1X 4aCTHLI 
• nyTeM perHCTpal,IHH ,· cneKTpa pacce.AHHblX HOHOB. ' \ ' 

, . 11' 0
:\ , •. , I 

:1•' 

· PE3YJlb ;Ar~, J1aMEPEH~t1. H Hx '·o6cYiKAEHHE \ • 

H3MepeHHe crieKTpOB HeHTPOHOB nposo,qHJlOCb AnR yrnos' 0' 20' 
30, 80; lzoo.· no C>THoweHHIO K HanpasneHHIO ny1.1Ka HOHOB'. Ha p1-1c·~ 2 · '· 
H 3' npeACTasneHbl, 3HepreT111.1ecKHe cneKTpbl: HeHTPOHOB; Hcnyc1<aeMblX 

,. ,noA yrnaMH OT O ,qo .120°as ·n.c. ,tiriR peaKl,IHH ', 120 + 181Ta / ,E = . 
.:..-105 M3B/ H 20Ne + 181 Ta,, / E = 180 M3B/ COOTBeTCTBeHHo:·, C!>op­
Ma. cneKTpOB no3B0JlReT c,qenaTb BblBOA O HanH4HH ABYX HeHTPOHHblX \ 
KOMnoHeHT, : xapaKTep1-1ay101111-1xcR CYllleCTBeHHo 'pa3HblMH · HaKnoHaMH;, . ·' 

, 3TOT HaKnOH 'cneKTpa CBR3b1BalOT C napaMeTpO~ TE:MnepaTypbl. nepBblH 
KOMnOHeHT, HMeioUIHH MeHbWYIO,TeMnepaTypy, MOlKHO•CBR3aTb,C paeHo­
BeCHOH 3MHCCHeH' B ,TO epeMR' KaK BTOPOH KOMnOHeHT. ,- C Hepae~10.:. 
BeCHblM ,npo1.1eccoM. Kat< BH,t\HO H3 pHC.YHKOB' C, yeenH4eHHeM yrna' 
TeMnepaTypa HepaBHOBeCHOH 4aCTH.CneKTpa 11 ee HHTeHCHBHOCTb no-

' cTeneHHo na,qa'10T. HaAo, aaMeniTb, '. 4To .AalKe AnR yrna 120~ napa.;;. 
MeTp .TeMnepai-ypbl HepaBHOBeCHOH , 4aCTH ace e111e' He /:IOCTHraeT paBHO-
secHoro 3Hc14eHHR: /\T = 1 '7 t13B/. ·napaMeTp TeMne.paTYPbl T AnR ' ' 
HepaBHOBeCHOH ,4acrn: H3MeHReTC.R ,OT 5,2'M3B ,qnR!0° ,AO 3;1· M3B '' ' 
An.A _yrna ·120~ /peai<1.11-1R 12c + 181 Ta l> AHanorH4HOe' H3MeHeHHe 3T0--6_ . , .. I 
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PHC ~ 3. · 3:aepreTH'l8CKHe cneK~Pbl . PHc; 2 ~ 311epreTH'leCKHe · cneKTPbI 
HeiiTpottoii Hs peaKWIH 1~c ~ 181Ta~ 

•',, ' 
, HCHTP_OH~B H3 peaK~HH 20Ne + 181Ta. 

-> 
I 

.:1. ,·' • : l . · .. 

ro napaMeTpa Ha6nr6AaeTc·R 11 AnR"peaic~H11< 2°Ne·+ 181Ta. HaMl,1Bb1-
, ~ - , • • • ', I V ·• ,; ~ , .. ' : 'c ,., • , j, •~ ' ' ' 

nonHeHbl paC48Tbl H8HTpOHHblX cneKTPOB' AnR H3Y4aeMblX peaKl,IHH no 
'CTaTHCTH48CKOH MOAenH; c,' HCl")Onb30B~HHeM riporpaMMbl GROGI-2 / 191 AnR, 
3MHCCHH ' HeHTPOHOB. AnR 'cocTa BHoro RAP a. ·.· 6blfl0 '·3aMe4eHO; 4TO HH3K0-
3HepreTH48CKl1H KOMnoHeHT HeHTPOHHoro·cneKTpa YAOBne'rsopHTeJ'lbHO, 

'cornacyeTCR c· pc!C48TaM1f ,qnR 3a,qHHX yrnos,:.o,qHaKO Ha6n10,qaeTCR' 
" , , ' .; " .,, . , . . ' '' , , I ". : ~ . . . - •• , ,, , ., , ; ; \ , 

H8KOTOpoe , pacxolK,qeHHe, ysenH4HBa10111eecR ,· C · YM8HbW,eHH8M yrna• Bbl-
neni HeHTpoHos. Mbl · npeAnonolK~ni-t ·~ ·.· 4TO · HaGn10ia101111-1eci:i ·· pacxolK,qeHi,,i'R ·· 
CBR3aHbl C BnHRHHeM 3MHCCHH 'He~TpOHOB 113 OCKOnKOB ,qe.neHHR co-c ,' • 
CTaBHOro RApa' H 1,13 npo,qyKTOB, rny601<0Heynpyrnx peaKL1HH .•;'n'o3TOMY • 

,HaMH' 6bLnH npoBeAeHbl 04eHKH BKnaAOB 'i-tcnapHTenbHblX H8HTl)OHOB '1-13 . 
ABHlKYUIHXCR cJ)parMef-lTOB~ nony4alOuiHXCR B peaynbTaTe ,qeneHHR H peaK~ 
LIHH .rny6oicoHeynpyri-tx nepe,qai.i. ' · · . . . . . .. ,. ·,'. 

. , ', ' 6bln0 npHMeHeHo: cne,qy10111ee Bblpa}l(eHHe AnR ,t\BOHHoro AHcj)cj)epeH-:-' 
1.11-1a.nbHoro ce1.1eHi1R HeHTpoHoa ,. 1-1cnapR10U1HXC.n ·1-1a'. <1>parM'eHTOB /npH 
3TOM 11cnonb30Banocl::i. )<HH8Mc3TH4eCKOE( npeo6paaosaHHe cne1<Tpa 1-13 
C"1CT8Mbl, CBR3aHHOH \: ABH)l(YUIHMHCR OCKOnKaMH,' B naoopaTOl)HYIO-

•,, 

CHCTeMy/120/: · ·. . ··.. . · · · • .. · · · 

~2 , •'. · .• ~ 11:_2"En.'J;1+/3 2~2{3cos.0 <" ,En(1+tl 2·:28cos0) 
<. O' I,, ) • , a: ~ r, r • ,·, , , , , ' ' '' ,, .·. • - '-,exp [ :-- , ' .... ' ,, ' 

dEndOn.n.c.'. 411 00 /·T2 , ' T2 

. du · . .·. 
x .: ~ (Of) sin,0d~dc/> ;.; 

-'•d .. ' ' . I·, 

,\\: 

' 



t' ,, 

·,. 

B(En,8,c/,)=. v(Dr) 
(vn) . 

cos 8c = co~ 8 '.' cos 8i - sin 8 • sin 8 i. . ·.cos ct, ~ 
, n.c. 

r,Qe En ' vn - 3HepntR H C':_OPOCTb !:fei1TpOHa B 11 :c. ' 8,c - yro11 
BblileTa ¢parMeHTa 'B 11; C, , Vr - . cpe,QHRR ',CKOPOCTb ¢parMeHTa 'B 11_, C, , 
da(8 ) .· . . -. . , . ·. . ·. 
---1..- - BepoRTHOCTb B,blJleTa ¢parMe.HTa B ,QaHHblH yro11, (ii,"'.' cpew· 

d(l .· . ' V. • .• ·• • 

Hee 4HC110- 11cnycKaeMblX .HeHTPOHOB Ha ¢parMeHT. 
•, npe.c1no11ara116cb; :LITO 3HeprHR B036ym,qeHHR . ,qeJlHTCR . MeiK,qy ¢par- ' 

MeHTaMH nponop1.1110HaI1bHo 11x ·Macce·, -. npl-14.~M HetlTpOHbl 11cnycKa10TCR 
113 rio11HOCTblO ycKopeHHblX ¢parMeHTOB. CyMMapHble pe3Y11bTaTbl 3THX 
01.1eHOK npHBOARTCR Ha ,pHc.2,3 WTp11xny,HKTHPHOi1 ·1111HHe_11:- 3TH 01.1eH"'." 

. KH n0Kasa1111' LITO HH3~03HepreTH4ElCKaR LlaCTb'' cneKTpa /np11MepHO 
I AO a.:._10 M3B/ ',QilR Bcex yrnoB B _OCHOBHOM MOlKeT 6b1Tb 06"bRCHeHa 

3MHCCHeH. HetlTpOHOB 113 pacCMOTpeHHblX BblWe npo1.1eccoB '. hyTeM 8~7". 
· LIHTaHHR pacLleTHblX cneKTpoB · 113 C3Kcnep11MeHTa11bHblX ',qaHHblx MOlKHO. 

· ' . I t , : , • 

6bl110 onpe,qe1111Tb BHA ,cneKTPa ,QilR HepaBHOBecHoro KOMnOHeHTa. B 06,;. 
. 11acrn ' 3Heprntl 15 M3B 11 'Bb1u.ie. npaKTHL1ecK11· Beeb 3Kcnep11MeHTa111,'~ 
; HblH cneKTP CBR3aH , C. 'Hepaei-toBeCHblM KOMnOHeHTOM, npe,QCTaB11.AeT 
'11HrepeccpaBHHTb HepaBHOBecHblH KoMnoHeHT',QilR 06e11x peaK1.11111. Ha, 

PHC ~ 4 npe,qcTaBileHbl .yr.nOBble 'AH¢¢epeH~Ha11bHble pacnpe,qe11eHHR HetlT­
POHOB 'pa3HblX 3Hepr~H · 11_3 pea Kl.II-ti:; 12c + 181Ta. H 20Ne + 181Ta CO"'.' . 
oTBeTCTBeH_Ho~ 811,qHo, LITO yrnosbie p'acnpe,qe11e'HHR ,QilR pa3HblX y4acT­
Kos, cneKTpa Be,qyT _ce6R no-pa3HOMY. YrnoBbie pacnpe,Qe116HHR HeHT"'.' 
l)OHOB C 3Hep~HRMH CBblWe 10-15 M3B HMelOT pe3K~IO Hanp~BJleHHOCTb. 

·. Bnepe,q, B T0 1 BpeMR 'KaK aHH30TponHR pacnpe,qe11eHHR He~TPOHOB MeHb,;. 
Wl1X 3Hepn111/Ma11a. 3TO' no7BHAHMOMY' CBH,qeTeJlbCTBYeT. 0 iOM; _LITO 
He~i-poHbl C 3Hepn1RMH 6011ee 1 0 ·. M38 11cnycKa10T' B OCHOBHOM' B r,po- • : 
1.1eccax: H'e CTaTHCTH4eCKoro xapai<Tepa. OTMeTHM, LITO'yr11o'Bble :pac­
npe,qe11eHHR HeHTPOHOB B 'peaKL1HRX-c,yrnepOAOM6011ee H30Tponi-tbl,\ 
l.leM .B cny4ae t-ieoHa ~- 3HepreTH4eCKH·e cneKTpbl HepaBHOBeCHoro KOM;.. 
noHeHTa A11R Bcex. Bbl,qe11eHHMX. yr110B WIR _HOHOB yrnepo,qa 6011ee 

· 
11>KeCTKHe11, · LleM A.riR HOHOB HeOHa; ' · '· . ,' .·. , _ , . . . . . 

I 

' .. --· · · ·_.. . .· · · :, UHi-epecHo· Tak>Ke ~cpaBHHTb 

"c ... :;.: E·,. .'1osM,B :·N••'!'ra E•180M•B pa311H4Hble HHTerpailbHbl~ . xapaK-
c . . . E •.• .; TepHCTHKH .3MHCCHH 6blCTPblX 'HeHT"'.' 

' . E,;,cM : '~~CM,B) POHOB ,QilR HCCile,qyeMblX 'peaKI.IHH. 

;i10
2 
~-. _· • c~i,8

1 
~- _ .. '.· · ·. · .. __ ;'. :; _ Y_rnoBble p. ac.npe,qene·H. HR B. bicoKo-

·~. ~--Js.o . ""-~ 5 
·· :3Hepr_ern4e_c,KHK HeH!POHOB 6bl_11~ 

J- ,~~-. :, _1.0 -, -~· __ . _ _ ! ·_ no11y4eub1 n~Tet-t 11H_:rerp11poBaH11R 

0 ,o_ . ·_ 10·0 ' --~----.. ·__ ·.· ' cneKT. poB. ·_. H3 ___ M_ epeHHb. IX.' no,Q .pa3Hbl,MH. 
r&-~···-~,.-',·10 . ' . 

C: o -~ "'---t1so· • .· ·_ ' .· . , , 
~ 10 

· · · • •.• • • . · Pnc. 4 ~ ,[(n.qxpepemi;nam,Hb1e · yrJIOBbie 

~· . ~ ,.. . '.·. I" pacllp.,,.eneH,m Hei!TPQ•o• pas-
't:l .;-1 . . 

20 3Hepz:mY li3 peaKLJ;HH , 1.2c + 181,Ta' 
o 4o eo 120 · · o 40 eo 120 / c..eBa/ n 20Ne + .181Ta / cnpa-

)'. \,' o~M ·Ba/.~, . . 
8 

'Pnc. 5. ,[(nqxpepe~LJ;HaJibHI,Je yrno~ 
· BbJe p~cnpe,a;eneHHH .Hef!TpOHOB 

/ E ~ ] 2 M3B/ H3 peaKLJ;HH 

J a 

l.•·tro• 
• I ~ 

_ 12c + 181Ta ( •) . H 20Ne + 181Ta 
(4) ; C • • 0 ••• 

yr11aMH. -nocKOilbKY _3i<CTpano11R­
L1HR HepaBHoBecHoro KoMnoHeHTa 
e 0611acTb Man_ blX 3Hepr1111 _ He~Tpo-. ' . / 

HOB· He RBilReTcR .c1ocTaToL1HO 
,! ' . "C J ·-.. CTpOrOH, HHTerpHpOBaHHe, cneKT-. 

poB 6bl110 npoBe,QeHo no 0611acT11 · : 
3Hepr~~ HeHTPOHOB 12-30 M3B. '. 
Pe3y11bTaTbl-· o6pa60TKl-1 11pe,qCTaB-
11eHbl Ha p11c. 5; H3 p11cyHKa . BHAHO, 

_4TO aaBHCHMOCTb.,QH¢<!>epeH1.111a11b-· 

1: J . too f ,; L-L0-2.1-0-'--40L--...1.80--'-80-"-·-t00.,____,12'-o---1MO...J_ 
' ',: ~ . .. r ·. 8CA.C.) 

, \,~ ' / 

Horo ceL1eHHR yrna BblJleTa· HeHTpoHa B c11yL1ae B3al-1MO,qei1cTBHi HOHOB 
1: ,i: 
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HeOHa_ C "R,qpaMH TaHTaJla 6011ee • peaKaR, LleM ',q11R yrnepo,qa, no.nHoe 
'ceLleHHe o6pa3oBaHHR "npe,qpaBHOBeCHblX HeHTpOHOB nopR,qKa 21 f . 

H 372 M6 A11R . . 12c + 181Ta H 20 Ne + 1.81Ta . COOTBeTCTBeHHO 6b1110 
no11y~eHo B pe3,Y11bTa~e '11HTerp11posaHHR. AH¢¢epel-11.111a11bHOro ceL1eHHR 
no. Te11ec-;;0My yi-11y, no11yL1eHHble, 3Ha4eHHR, BeJlHLIHH no11i-ior:o ceLleHHR> 

' , ,/,: - ' ..,·. .' < ., \ ' , , • • 

3MHCCHH npe,qpaBHOBeCfiblX HeHTPOHOB yKa3blBalOT · Ha B03MO){(HYIO 3aBH-
' CHMOCTb. sb1xo,qa, BblCOK03Heprern4eCKHX, HeHTPOHOB, OT -MaCCbl Ha.ileTaio-

' . .· ' ) . . ' . . ' '. . .· ' . . . 
111ero HOHa. no,qo6HaR HHc!)OpMal.lHR, KaCalOl!laRCR ,qpyrHX HOHOB, Morna 
Obi\ 6b1Tb none3HOH ,QilR noH1<1MaHHR MeXaHH3Ma' npoTe,KaHHR peaK41111. 
B pesy11bTaTe aHa11113a· 11i-le1011111xcf! 1111TepaTYPHblX ,qaHHblX Ha~u1. 6b11111 

; OT06,pai-fbl ,qaHHblEl 113 / 21•22; B KOTOpblX i:-tcnOJlb30Ba11HCb pa3J1114Hble: 
, /HOHbl, a 3Kcriep11MeHTa11bHble yc110BHR 6bl1111· 6111-t3KH K 'yc11os11RM Hac,To11-

111eH pa60Tbl, ·Bo scex 3THX pa6oTax npOBOAHIIHCb HHK11I03HBHble H3Me.:. . 
' peHl-1R. nonpaBKY Ha '3aa11c:'11MOCTb HHTeHCHBHOCTH OT pa3HOCTH B Be:.. 
' 11H41,1H~ 3HeprnH HOHa nocne' npoxolK,qeHHR' HM' KYilOHOBCKOro· 6apbepa 

'./ MOlKHO 6bt110 no11yL111T_b 113 pe3y11bTaToB pa60Tb1110~.QnR BBe,QeHHR no-
·_. npaBKi-1 Ha pa311H4He 13, t--iaccax R,qep:..MHWeHeH HaMH. 6bl111-1 HCnOJlb30Ba-
, Hblpe3y11bTaTbl pa60Tbl 1,21(B 3TOH 'pa6oTe 1,13y4an1:1cb 

1

He11TpOHbl, ,06-' 
, . pa3YKlUll-1eCR npH B3aHMo/4etlCTBHH HOHOB 4He 'C pa311H4HblMH .R,qpaMH. 

Hcn011b3YR 3TH ,qaHHble' MO>KHO 6bl110 nOCTPOHTb 3aBHC~MOCTb BblXo,qa 
1\HepaBHOBeCHblX HetlTpOHOB B o6nacrn 3Heprntl 12-;-30 M3B OT R,C1pa­

,MHWeH11. Ec:1111 npe,qnono>KHTb' LITO P,JlR' HOHOB 12c cyuiecTByei- aHa:-
, 110n14Ha.fl 3aBl-1CHMOCTb ' - TO' HCnOilb3YR ,QaHHb1e 1221. MO>KHO nc'>11yLIHTb

1

, 

o~eHKY ceLleHHR · HepaBHoBecHoro . KoMnoHeHTa. ,QilR • c11yL1a.R, Kor,qa Mwi 
WeHblO RBJlReTCR 181Ta • no11yL1eHHble peayJlbTaTbl npHBeAeHbl Ha PHC; 6. 
811,qHo. LITO C yBe1111L1eH11eM MaCCbl. HaileTalOll\ero' 110Hc3--Ce4eHHe .· o6pa-
30BaHHR HepaBHOBeCHblx' HeHTpOHOB pacTlr ,QilR paCCMOTpeH':-lbiX peaK".:'. 

. LIHH, ,LITO, no-BH,CIHMOMY, CBH,qeTeJlbCTByeT O BilHRHHH MaCCbl HO.Ha. Ha 
npo1.1ecc oopa3oBaHHR. BblCOK03HepreTH4eCKHX _·. ~ei1TpOHOB. _ K C:OlKane­
HHIO' npo,qo11>KaTb 3TY. 3aBHCHMOCTb 13 0611aCTb' 6011ee TRlKeJlblX Mace. 

1 ·- '' ' . . -- ', _- \ , '·.. . ' • • ,: •. ' , 

HOHOB He npe,qcTaBHilOCb B03,MOlKHblM _BBHAY: He,qocTaTKa HH¢opMal.lHH. 

< 



I 

'( 

i." 

'/ . I . 

I 
,-

·· .. :~ '30 40 
• A(a,e.M.) 

PHC. 6 • 3aBHCHMOCTb. ceqeHHfl' o6-
•·Pcl30BaHH.fl 'HepaBHOBeC!ll>JX HeiiT­
poHOB / 1 / H npoTOHOB /2/ · 
/E ~:J2.M3B/ oT.·MaCcbI HarteTruo;.;. 
~era nHoHa: e_.,. HacTOH~aH.pa-,­
ooTa, ■ - H:3/21,22/ • , ~:-,-
HS/l~J~'.~4,25/1 , , '· 

10•,------'------------. 

10
2 

ci 
U I 

'R 10 
:IE.! -1, 
01 • 
"Cl:10 w ~. 
\.I) 

~"Cl _, 
,_ 10 

\. 
.\ . '/ 1 
'\ 

/ \ 

5 10 . 15 · 20 '·25 30, _35 
E.cA,c.) ·· MsB 'i 

PHc.1 •• 3HepreTHqe'cKHe cneKTl)bl 
Hei\TpoHoB ( • ) H npoToHoB ( *) 
wui yrna 0°. · · 

·. \ 

' . • I I ' ' I~" .t • "' , ' (' 

,lviR nony4eHl1R no,qo6HOH 3aB"1Cl1MOCT1,1 BCJ1y4ae o6pa30BaHl1R HepaBHo-
BeCHblX npe>TOHOB HaMH, 6bl1111 HCnOJlb30BaHbl ,qaHHble 113 11,2,28-25/, KoTq;.; , 
pb1e npl-ise,qeHbl i-la PHC. 6. ~13 pl-1CYHKa B11,qHo' 41'0' .Kat< 11 B c11y4ae ' 

- HeHJPOHOB ;; Ce4~HHe o6pa~oBaHl1R HepaBHOBeCHblX. npoTOHOB' pa·~TeT . 
c yee11114eH11eM MaCCbl Ha11eTa101Aero 110Ha e · 0611acT11 Mace MeHee .40. 
Coeoi<yn'HOCTb ,qaHHblX'' i,pe,qcTaBJleHHblX Ha' p11c; 6'' yKa3blBaeT' Ha'· TO, ' 
4TO eepoRTHOCTb t1epasHoeecHoi1·3M11cc1111·Hei1TpoH0B cyi4ecTBeHHo 
'60J1bWe, . 4eM npOTOHOB' ', XOTR xapaKTep .'.3aBl1Cl1MOCTl1 no,qo6HblH. B CB~-,· 
311 C 3Tl1M npe,qcTaBJlReTCR eeCbMa 11HTepeCHblM cpaeHeH11e 11X ,qJl.R o,q­
HOH 11 TOH. iKe peaKL.!1111 np11 o,qi,tHaKOBOH\ 3Hepi-i.111. 110HOB.' Ha p'11c :7 .' 
np11ee,qeHbl 3Heprern4eCKl1e cneKTPbl npoTOHOB 11 He~TPOHOB ., ,qJlR .. 0° / 
i.isMepeHHble e pea°K411Rx .22Ne + ,181Ta 11•21 ' 11 20Ne + 18,1 Ta '/e Ha­
·cTO.R1Aei1 pa6oTe/~. 3Heprern4eCKl1e cnel<TPbl H 'BblXO,qbl >KeCTKOH KoM­
noHeHTbl A11R 0° B 06011x· c11yyaRX 6.nl13Kl1. Ami. yr110B. 60J1bWl1X 0°' 

·:, , ,3HepreTl14~CK"1e cneKTpbl npOTOHOB 11 HeHTpOHOB aaMeTHO OTJ1H4alOT- · 
CR. YrnOBble, pacnpe,qe11eHl1R ,qJlR o,q11Hs)KOBblX 3Heprn~ npoTOHOB _ .. 
11 ·Hei:iTpoi-ioe • npe,qci-ae11eHbl Ha p11c. 8. Yrnoeb1e pacnpe,ci.e11eH11R npo- · 
TOHOB 6011ee aHl130TponHbl, 4eM yrJlOBble pacripe,qe.neHl1R Hei:iTpOHOB ,' 
4TO MO>KH() 060RCHl1Tb BJ111RHl1eM KYIIOHOBCKOro nonR CHCTeMbl. , • . ·: I 

AnR '11Hi-epnpeTa41111 . no.ny4eHHblX pe3y11bTaT0B Mbl r1poeo,q111111. cpaa.: · 
HeH1-1e 3Kcnep11MeHTaJ1bHblX ,qaHHblX C . np'e,qcKa3aHHRMl1 ,qeyx MO,qe.nei:i: 
MO,q~111-1 ,qe11myLqerocR 11CT04Hl1K·a ./Hoving source/ 124I ·11 ·Mo,qe1111. --''ro- -
PR4ero epa(Aal()LqerocR i nRTHa 11

• /Rotating hot spot/I12( 3-ni .(j)eHoMeHo-
' -J10rl14eCK11e, MO,qem1, OCHOBaHHble .·Ha'' KOH4en411H. ,q's11my(Ael"OCR ',' ropR'- ·,' 

4ero" . 11CT04H11Ka ,. 3(j)(j)eKTHBHO 11cnonbaoea1111cb · paHee ,q.nR onHcaHl1R :· 
··- ' .· '1 _,. ' "' " ,, •' , __ 
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· PHc. 8. ,UmpqiepeHQHaJibHble yrno­
Bbie pacnpep;e.rteHH.fl 'HeHTP~HOB 

- H npoToHon Hs peaKQHH · 
20Ne + 181Ta .. H 22Ne + 181Ta 

, ' ✓ 

•COOTBeTCTBeHHO. HettTpOHbl: , O -
20 'MsB, 6. _, .3o· MsB; npOTOHbI: 

·• - 20 MsB ~ • - 30 fuB. ' 

ct>opMbl 3HepreT114ecKoro cneKTpa 
11 YrilOBblX 'pacnpe,qe11eH!1H He- · 

. 'paBHOBeCHblX 4aCTl1ij: Mo,qeJlb 
,qBl1l!<Y1AerOCR 11CT04H11Ka ·• flpe,qno­

i I 11arae!npo4ecc 1130TpOnHoro,. 
11cnycKaHl1R 4aCTl14 113 11CT04HH~ 
-Ka, ABl1>"-<Y1AeroCR C ·onpe,q-e11eH-; 
HOH, CKOpOCTblO B ~anpae11eHHl1 
ny4Ka 110HOB ~· AHaJ1113 HaWl1X ,qaH- . 
A-lblX, a TaKme. ,qaHHblX no :3Mi1c- . 

Cl111 6blCTpblX 3apR>KeHHblX 4aCTl14 / 11, n·oKa3aJ1, 4TO np11 B3<ll1MO,qei1CT~: 
'81111 ,qeyx CJIO>KHblX R,qep MO>KeT cy111ecTBOBilTb He o,qHH · 11CT04Hl1K 113-

. 11y4aeMblX 4a_CT~LI. CKopoc'Tb. o,qHoro · 113 HCT04Hl1KOB, 6J1113Ka K CKOpo­
CTl1 ,qB11>KeH11R '4eHTpa Mace: CKopoCTb BTOporci 11CT04Hl1Ka 6.n1,1aKa, 
K ~OJ10B11He, CKopo'cTH ·110Ha nocne' npeo,qo.neHl1.A 11M i<y110HOBCKoro 
6apbepa: 3TO MO>KeT,. ce11,qeTeJ1bCTBOBaTb O TOM~ 4_TO ,B; npo4ecce' 
B3al1MO,qei:icTBl1R •y4aCTayeT i411CJ10 HYKJlOHOB 13 'R,qpe Ml1WeHl1,' np11MepHo 
paeHoe 411CJ1,Y HYKJlOHOB ', B HaJ1eTa10111eM 110He. C ,qpyroi:i CTOPOHbl' ec1111 . 
npe,qnOJlO>Kl1Tb ~- 4TO BC.A. 3HeprHR, B036y>K,qeHl1R . B nepBblH , MOMeHT npo- ' 

. Te1<aHl1R i>eaK411i-t' 6y,qeT :paBHOMepHo pacnpe,qe11~Ha Me>K,qy HYKJ10HaM11. 
.· ' . . ' . . ' , . ' " ~ 

11CT04Hl1Ka, TO .11cnOJ1b3YR no11y4eHHble HaMl1 3Ha_4eHl1R TeMnepaTypbl 
'1,4 '3 11, 3 '2_ H~B·, ,qnR' peaKl,(11H C 11C>HaMl1 yrnepo,qa' 11 'HElOHa COOTBeTCT.:. 
BeHHO/, a .TaK>Ke Bblpa>KeH11e·, CBR3b1Bal0Lqee TeMnepaTypy C 3·Heprnei:i. 

·so36ym,qeH11R: · T= (E*/a)1I2 , r,qe a - napaMeTp 11110THocrn,ypoeHei1 ·, 

(~/8 ,_!"Af:;. A- <3TOMHblH HOMrf/;-Mo21(_!i_e> 04eH11Tb 411c110_ HYKilOHOB' e .11cT04.:. ': 
Hl1Ke.·1a1<, 'AJlR peaK41111 l c+_l8 111a 3TO 411CJ10, paBHO y,qeoeHHOMY , 
411c.ny HYKJ10Hoe yrnepo,qa, a A11R peaK41111 20Ne+,1~1Ta • .HecKOilbKo ··· "· 
60.nbwe',; 4eM 'y,qeoeHHOe 411CJ10. HYKJlOHOB HeOHa. Coena,qeH"1e ·04eHOK. 
411CJ1a ,· HYKIIOHOB', BXO,qR(A11X B °COCTaB AB11)1(YIAerocR · 11CT04Hl1t<a, no11y4eH-

' HO~O Ha 'ocHOBe aHa1111sa 3HepreT~4eCKHX 11 'Yr110BblX
0 

pac11pe,qe11eH"1H 
HepaBHOBeCHblX HeHTPO~OB. 11 Ha OCHOBe npe,qno11o>KeHl1R Cl TepMOAl1Ha- , 
Ml14eCKOM paBHOBec1111, B JlOKaJlbHOH 0611acn1 ,qBOHHOH R,qepHOH Cl1CTeMbl' 

', , , , · 1 --. , , ' · . ~ ' ' 

YKa3blBaeT Ha pasyMHOCTb np11MeHeH11R Mo,qe1111 ,qBl1>KY1AeroCR 11CT04Hl1-
Ka; ·. oco6e~Ho ,qnR · on11caH11R cneKTpos . i-tei1TpoHoe, ebl.nei-a10Lq11x noA 

! MaJlblM~ yr.riaMl1. 8. TO me BpeMR' ,qaHHaR MO,qeJlb, 'He ,qaeT YAOBJ1eTBOp11-
Te11b"Horo. on11caHl1R cneKTPOB 11 .q11(j)(j)epeH411aJ1bHblX 'ce4eHHH ,qmi 11c-

' -' ' \ ,,, \•.. .. ''. -, . -, 

• nycKaHl1R , HepaBHOBeC:HblX HeHTPOHOB B 3aAHIOIO no11yc(j)epy'.' ., 
' ,, B CBR3l,1 C .TeM; .. 4TO np11 He4eHTpaJ1b~OM CT0.11KHOBeHl1H 4aCTb 3Hep-

,,.' r1111·:HaJ1eTa10111ero. 110f-!a 11,q~T Ha ~pa111eHHe Cl1CTeMbl, B ! rioc11e,qHee -ape-· 

;n 

,,, 
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MR• nOJ"IY4~1na pa·cnpOCTpaHeHHe MOA811b llropR4ero epall(alOll(erocR nRT­
Ha11 ~24I.B 3TOH MOAeJlH CHJlbl BR3KOCTH 6hicTPO. npeo6pa3ylOT OTHOCH-: 
TeJlbHOe ABH>KeHHe MHW.eHH H. HaJleTalO~ero HOHa 8 B036Y>KA8HHe BH,YT;_ 

peHHHX CTeneHe~ CB060Abl.-3To npHBOAHT K JlOKaJlbHOMY Harpeey 
'8 o6haCTH KOHTai<Ta/ HcnycKaHH·e 'i.iacTHLI nPOHCXOAHT'. 11P8Ar10110lKH'." 
T8JlbHO;· H3 }'ropR4e11i I 6611acrn B ycp'eAH8HHOM Hanpa'e11eHl1H TaHreH-

. 4HaJ1bHOH Ct<opocrn / 12~ npH4,eM npeAnOJla raeTCR.~YMeHbWeHHe . TeMnepa- ' 
. TYfibl c yeenH4eHHeM yrna. Ec11H cneAoBaTb ·_nOAXOAY ,. 'pa3BHeaeMOMY ' 
. B, -12(To' He06XOAHMO npeAnOilOlKHTb ,.· 4TO CKOPOCTb "ropR4ero irnrna", 
H311Y4a10U1ero 4aCTHllbl' AOJl>KHa 6bl'Tb 6J1H3Ka K c·KopocTH COCTaBHoro 

'RApa. Ho npH~3TOMHe YAaeTCR,YAOBJleTBOpHTeJlbHO,OnHcaTb 3KCnepH-
MeHTaJ1bHble ABHHble. -Ec11H HCnO.llb30BaTb CKOPOCTb 11 ropR4ero 11.RTHa11 

AIIR peaKt.1HH 2°Ne+ 181Ta ~ paBHYIO'VRHs=o;o33, c,T.e.VcN<VRHs<VI 
/0,014 c < o,·033 c.< 0,096 c/, rAe Vqp--, cKcipo,<?Tb _cocTaeHoi"o,RA­
pa, v RHS - __ CKOPOCTb "ropR4ero nRTHa , , Vt .- CKOpOCTb HOHa noc11e 
npeoA011ei-lHR·KYJ10HoecKoro6apbepa, To no11yL1aeTCR ·xopoweecorna;_ 
CHe C 3KcnepHMeHTaJ1bHblMH AaHHblMH. 3TO MO>KHO HHTepnpeTHpOBaTb .. 

• • , ,: \ , • • I .;, 1• , ' - • ,' ,' '• • 

. KaK pe3yJ1bTaT. CJ10>K8HHR ,nocTynaTeJlbHOro. H _ apall(aTeJlbHOro ABHll<8HHR 
HCT04HHKa. '- . . . . . . . . . . , . ·. 1 ·, '. • • • • 

PeayJlb TaTbl, noArOHKH no 3T~H 
1
MOAe11H npHBOARTCR e ; Ta611111.1e. 'K'aK 

BHAHO H3'i'a611Ht.1bl,A.llR onHcaHH.R HcnapHTenbHOH 4acrn cne1<Tpa Heo6-
XOAHMO_ 83RTb napaMeTpbl CKOPOCTH H TeMnepaTypbl; COOTBeTCTBYIOll(He 

. COCTaBHOM.t.RAPY:• .npH nOArOHKe npe,qpaBHoeecHOH 4acn1cne1<Tpa ·na'.". 
p'aMeTp TeMnepaTypbl. MeHR8TCR C yrJlOM 8 COOTBeTCT,BHH C npeAno116- . 
>KeHHRMH 3TOH . MOAe11H. • · · · ' 

' : ,. /, . 

>. 
3AKJll04EHHE. 

I I. 

B pa6oTE~ 3KcnepHMeHTaJ1bHO onpeAe11eHb1 a6co1110THble BblXOAbl, 3Hep­
reTH4eCKHecneKTpbl H ,yr110Bbl8 pacnpeAeJleHHR H8HTpOHOB, o6pa3yl0:.. -

' ll(HXCR B pea1<1.11-111x B3aHt:iOA8HCTBHR HOHOB 12c H 20Ne c> RApaMH TaH- • 
Tana' npH ,3Heprl1H -9 M3B/A. CneKTpbl H Yr110Bble pacnpeAeiieHHRI 
HetiTpoH'o'e AJlR 3THX ABYX peaKt.1HH .3aMeTHO. OTJlH4aioTCR. B OOOHX . 
CJ1y4aRX o6Hapy>KeHo ABa KoMnoHeHTa; He~ipoHHblX cneKTpoe. ·',[111R. HO.;. 
HOB yrnepoAa >K8CTKHH KOMnOHeH'T. HMeeT 60J1bWYIO TeMn'epaTypy w'6o-

\ r ' ·• ~ • . . • , , 
11ee.H30TponHoe yr11oeoe pacnpeAeneHHe. , . 

HH3K03HepreTH4eC·KHH KOMnoHeHT crieKTpa j He11Tpo1-1oe·:AJ1.R _o6eHX 
peaKI.IHH YAaJlOCb ·onHCaTb _B paMKax paeHoeect-ioro .HcnapeHHR H3. co­
:cTaBHoro 'RAPa, OCKOJlKOB AeJleHH.R H ¢parMeHTOB,H3,r11Y60KOHeynpr 

! 

l'"HX npo1.1~ccoe.' BblCOK03Heprern4ec'KHH KO,MnOHeH_T /TeMn~paTYPbl .• .'. ' '\. 
4+6 M3B. e 11. c. / ;.· no-BHAHMOMY,. CB.R3aH c npeApaeHoeecHblW pacna-' 
AOM •. Cpae'HeHHe C MOAe11ilMH ABH)l{Yll(eroc.R HCTOLIHHKa -·H -11 spall(al0ll(ero-
C.R rop.R4ero' nRTHa11I121-noKasano' '':lTO 80 'BTOl)OM. CJ1Y4ae YAaeTc.n; 
npoBeCTH 11Y4Wee COBMeCTHOe onHCaHHe ABYX peaKl.11-1~. . · · . 1 , 

H3 cpasHeH.H.R · pe3yJ1bT,aTOB AaHHOH pa60Tbl, c;, pe3y11b'TaTaMH H3Y4e­
HH.R xapaKTepHCTHK 3MHCCHH \ 6blCTpblX npoTOHOB l11, no11y4eHo ;' 4TO' 
B 6J1H3KHX peaKijH.RX _H npH OAHHaKOBOH 3HeprHH_HOHOB :9'.M3B{HYKJ10H 

12 
'! 

1 · 

Ta6nmw 

IIapaMeTpll II0,IU'0HKH 

\_ · . · ' · . . McnapHT0JII,H0H 't!aCTH 
· YrOJI . Ha6JIIQitellIDI .cneKTp0B HeiiTp0H0B 
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yr.11oaoe pacnpeAeneHHe HeHTPOHOB 6011ee i-iao.Tponi-toe_, 4eM npo:roHoe. · 
3To yKa3bleaeT Ha cyll(ec-reeHHYY.l po11b Ky110HoecKor9 no11.R e npo1.1ecce 
npoTeKaHHR· peaKt.1HH. ·. . . . . - ·. ' . 

.• ny-reM· cpae1HeHH.R AaHHblx HacTORll(eH pa6cini 11 AaHHblX APYrHX pa-
- 6oT /10,i4,21-25/ no11y4eHa HH¢opMa.t.1H.R o aae11c'11Moc-r11' BblXOAa Hepaa­

HoeecHbix ~eHTpoHoe 11 npoToi-toe oT MaCCbl Ha11eTa10ll(ero 110Ha/ M ~1i0/. 
3ToT ·e1,1xoA yeenH4HeaeTC.R c pocTOM- Maccbi. HoHa, • OAHaKo ace 3TH 

. 3KcnepHMeHTbl '6b1J1H CAeJlaHbl C T.R>KeJlblMH- HOHaM~1 c' MaCCOH . A< ·.40. 
··s CB.R3H C 3THM npeACTaBII.RY.lT HHTepec H3MepeHvt.R. a6COJ110THblX BblXO- . 
AOB HepaeHoeec~bl~ HeHTpOi-108 H nporoHOB AJl.R 'ny4KOB. HOHO_B. c· Mac·-
CaMH A >'4o. · . - . 

-. . , . -.. ,. . +-. --.. 
ABTOPbl BblpamaioT 611aroAapHOCTb npo¢eccopy IO.L.I.OraHeci:iHy aa 

nOCTO.RHHblH HHTepec H nOAAepmKy 8 pa6oTe, B.A.Py64eHe, IO.A.My-
3b14Ke,; 6.11.nycTblJlbHHKY, 3a none3Hble o6cymAeHH.R pe3ynbTaToB, H3~ .. 

· MepeHHH, 6 .n. raepi111oey, · r. n ~TJOPHHY, IO:H; 6e11.RHHHY ~ A; C. Beui11K6sy; 
. E~ H. 6e11.Reey 3a nOMOll(b 8 C03AaHHH. 3KCriep11MeHTaJ1bHo~r ycTaHo·BKH. 

·13 

··.·-.\-



1,1 npoBeAeHl-1"1. 113MepeH1111, KOJmeKTHBY. y~pasneHl1R ·, 4HKn~TpoHaM"1 ... -·,. ' 
Y-200·1,1.Y-300 3a o6ecne4eH11e B03MO)l{HOCTH pa6oTbl Ha.H11X;Jl.Jl~HeaH­
HHKOBO~ ,11 A.J{yrnepy' 3_a COCTaeneHHe nporpaMM o6pa6oTKl1 A~U-iHblx: '·,: ' 
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