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1. BBE,1J,EHHE 

BOJIblllOH mrrepec K npoueccar-r rrparaoro 06pa30BaHHfl )KeCTKHX raMMa

KBaHTOB (rIC) BO B3aHMoneHcTBHflX nsrcoxosaeprerasecxax anpoaoa H 

aTOMHbIX anep C flnpaMH 06yCJIOBJIeH YHHKaJIbHOH B03MO)KHOCTblO nOJIy

lIHTb HH<pOPMaUHlO 0 .r JIIOOHHOH CTpyKTypHOH <pyHKUHH anpOHOB (aanpa

Mep,l1 , 2 I) ,. KaK H3BeCTHO, npeHMYIlleCTBO TaKHX <pOTOHOB Han npyrHMH 

lIaCTHuaMH COCTOHT B TOM, xro OHH poxcnarorca na KBapKOBOM CTpyKTypHOM 

ypoaae KaK caonofiasre lIaCTHUbI H npaKTHlIeCKH He acnsrrsraaror BTOpH'I

HbIX B3aHMO.lleHCTBHH. KpOMe aroro, H3 06IllHX nOJIO)KeIIHH KX,lJ, BbITeKalOT aa

BHCHMOCTH 3<p<peKTHBHoro ceseaaa paccsrarpaaaeraoro rrpouecca OT none

pesnoro HMnyJlbCa P1r <poToHa H OTHOllleHHe asrxona 3THX <pOTOHOB, poxe

naeMbIX BO 83aHMOneHCTBHflX anpoaoa pa3JIHlIHOro COpTa 12 I. TaKHM o6pa

30M, 3KcnepHMeHTaJIbHOe HCCJIenOBllflHe nparaoro HCnyCKaHHfI )KeCTKHX 

<pOTOHOB B anpOUHbIX npoueccax He06xonHMO ,lJ,Tlfl npoaepxa OCHOB KX,U. 
HMelOTCR H npyrae He06bIlIHbIe HCTOllHHKH .o;OCTaTOllHO )KeCTKHX rK, .8 lIaCT

HOCTH anepaoe TOpM03Hoe H3JIYlleHHe. BMeCTe C TeM, HeCMOTpR aa onpene

rreaasre ycnexa a H3YlleHHH P1 fpacnpeneJIeHHH rIC H 3aBHCHMOCTH oraouie

HHfI t!«: OT X = 2P1rys II, I, 3KcnepHMeHTbI naHHOrO pona OTHOCRTCR
T 

K caMbIM CJlO)KHbIM, rJIaBHbIM o6pa30M H3·3a HaJIHlIHfI 6oJIbillOrO <poHa, 

coanasaeworo I'K OT pacnana "0 -Me30HOB (ys-' - saepraa B CHCTeMe uearpa 

Macc B3aHMOneHCTBYlOIllHX KR}{CTHTyeHToB) . 3TOT .<POH TpynHo yxecrs no

CTaTOllUO KOppeKTHO, eCJIH nerererop I'K He OXBSTbIBaeT nOJIHOrO TeJIeCHO

ro yrna HX 3MHCCHH H He 06JIanaeT nOCTaTOllHO BbICOKOH 3<p<peKTHBHOCTplO 

HX peFHCTpaWIH, 'ITO, KaK npaBIDIO, HMeeT MeCTO aa npaxrmce I I , 2 I . n03TO

My HCKJIlOlIHTeJIbHO BR)KHO K H3YlleHHlO 06pa30BaHHR BbICOK03HepreTHlIeCKHX 

I'K npHBJIeKaTb, B '1aCTHOCTH, nY3bIpbKOBbIe KaMephI, HanOJlHeUHbIe TRlKe

JlhIMH mH,llKOCTflMH, H B nepayio ouepens KceHOHOBble rryasrpsxoasre KaMe

psr (aanparaep.:? I) . Ho nOCKOJlbKY ceseaae 06cy)K,llaeMOrO RBJleHHfI OqeHb 

MaJIO, TO ueHHOCTb raxoro porta 3KcnepHMeUTOB MO)f(eT COCTORTb npeasiy

IlleCTBeHHO B YTOllHeHHH noaenenaa cl>OHOBbIX 3cl><peKTOB B Pa3JlH'IHhIX 

KHHeMaTH'IecKHx 06JlaCTftX. 

B HaCTORIlleH paficre npoaeneao accnenoaaaae pacnpeneneaaa no 

nonepet[UblM HMnyJlhCaM P1r I'K, HcnycKaeMblM BO B3aHMo.zteHcTBHflX 

rr- +.xe + r + ... (1) 

@tfi;'(;i.\b ,::H:ib<ll ImC'itrryT I 
r1 .... .t' ...l'. ....~~',. . r ; , ...,~t~ 

.J" ~•. ':r:r. _.?: :'}~:.:~~.J.>~ .;~~ 
1 
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.. 

npa 3,5 r3B/c. rIPOaHaJIM3MpOBaHa, B qaCTHOCTM, 3aBMCMMOCTb 3TMX cnexr
POB 01' MHOiKeCTBeHHOCTM 1T o -Me30HoB, rcoropste HBJIHIOTCH OCHOBHbIM 

MCTOIIHMKOM BbICOK03HepreTMqeCKMX I'K B pearcuaa (1). 

Llensro pa60TbI HBJIHeTCH M3yqeHMe JIOpeHI..l-MHBapMaHTHOrO CeqeHMH 

d 3 a u

E --- B MHTepBaJIe ,nOCTaTOqHO 60nbIlIMx 3HaqeHMM nonepesaoro MMnyJIb
r dp3 

r 
carK. 

", 

2. METO,U 

B rcasecrae 3KcnepMMeHTaJIbHOrO MaTepMaJIa 6bIDM Mc'nOnb30BaHbI CHMM


KM C 180-nMTpoBoM KceHOHOBOH nyasrpsrconoa rcasrepsr (180 KIlK) I1T3<I>
 
(Mocxaa) , 3Ta rear-tepa/3 / , pasxrepsr KOTOpOM PaBHbI 10~11x26 pan. nn /3 /,
 

ofinanaer 6nM3KOM K 100% 3<P<t>eKTHBHoCThlO peracrpanaa I'K, 3HeprMIO
 

E KOTOpbIX MOiKHO M3MepHTh C TOtJHOCTblO AEriEr:::::: 0,1 B aarepsane 01'
 r 
HeCKOnbKTX M3B no HeCKOnbIGiX r3B. 

113 6302 cnyxaea paaee M3MepeHHblx 1T- Xe-B3aMMo,neiicTBHH, OT06paH

HbIX npa npocsrorpe 25 TbIC. CHMMKOB 180 KrIK, 6bIDO BbI,IJ;eneHO 176 C06bI

TMM rana (1), COnpOBOJl<,IJ;aIOIIJ;MXCH acnycxaaaer-r TOJIhKO O,IJ;Uoro I'K, B KO

TOpbIX He Ha6JlIO,IJ;anMCb neirrpansaste crpannsre qaCTMUbI. KpOMe sroro, 
6bID nponeztea aHaJIM3 C06bITMM 

1T- + Xe + m1To + N	 (2)
3 

C 06pa30BaHMeM m1To-Me30HOB (m = 1,2,3). I1x -OKa3anOCb 1776. 3,nech 

N - qMCnO BTOPHqHbIX sapaaceaasrx qaCTMU, cpezm KOTOpbIX npeofinanaror
3 

(>95%) 1T-
+ 

-Me30HbI .C MMnynbcoM >50 M3B/c M npOTOHbI C MMnyJIbCOM 

>200 M3B/c (nanpar-rep, /4 /). MeTO,n pexoacrpyxnaa 1T o -Me30HOB no M3

MepeHHbIM xapaKTepMCTMKaM I'K omrcan B/ s /. 

B KaiK,D;OM cnyuae rana (1) paasrrpsraanacs, no MeTO,ny Moirre-Kapno, 
BepoHTHoCTh aaperacrpaponars aropoii I'K B npennonoaceaaa, qTO MCTOq

HMKOM I'K, 3aperMcTpMpOBaHHOrO aa CHMMKe, 6bID 1T O -Me30H. rIPM 3TOM 

acnonsaonanacs saepreravecxae M yrnoasre pacnpeneneaaa I'K, B3HTble 

H3 C06bITMM (2). EbInO yCTaHOBneHO, qTO 3Ta BepoHTHoCTb B cpeznresr 

COCTaBnHeT 0,92 ± 0,02, qTO xopouro cornacyerca C OTHOIlIeHMeM qMCna 

~06bITMM C N = 1 M N = 2 (rafin. 1), ecna nonomnrrensao ysecrs, qTO Br r 
paccvrarpnaaer-rr.rx C06bITMHX (1) OTCyTCTBylOT aaperacrpapoaannsre tcawre

POM neirrpansmae crpamrsre qaCTMl..lbI. Cnenoaarensno , OCHOBHbIM MCTOqHH

KOM BbICoI<03HepreTHqeCKHX I'K M3 peaKUMM (1) HBnHIOTCH 1T ° -Me30HbI, 

B TO BpeMH KaI<: nparaecs zipyrax MCTOqHMKOB I'K He npeasnuaer HeCKonhKHX 

nponearoa. 
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'3. PACnPEL(EJIEHl1E rx , HOB nonofiasr npa ,.u;OCTHrHyToH TOtIHOCTH (B OCHOBHOM, CTaTHCrnqeCKOH) 

no nonEPEllHOMY I1MnYJIbCY 3KcnepHMeHTaTthHbIX ,naHHhIX. B 3TOMnerKO y6e.u;HTLCH Ha OCHOBaHHH pe-, 

3ynLTaToB, nOMemeHHbIX B Ta6n. 2, B KOTOpOH npaaeneasr PI ,.,-pacnpenene-

Ha pacyaxe npaaenena 3aBHCHMOCTL nopeau-aaaapaaaraoro 3<p<peK , HHH nona I'K OT cooraercrayrouiax B3aHMo,neHcTBHH (2). 

d 3 
(1 

THBHoro CeqeHHH E.y 3 06pa30BaHHH I'K B n- Xe-B3aHMo,neHCTBHHX npa
'dP,., Ta6lZu14a 2. Bxnao rK 1.13 esauuooeiicteuu (2) 8 cysocapnoe UHKIZ103U8Hoe 

3,5 r3B/c. OT nonepevaoro HMnynLca I'K, Kpy)KKaMH OTMeqeHbI I'K, conpo d3 
(1 

\. : pl,.,-pacnpeOeileHue rx, £"'--3BO)K,II.aromHe B3aHMo,neHcTBHH (1), B KOTOpbIX 6bmH aaperacrpaposaasr dP,.,
I ,O,nHHOtIHbIe I'K, Kaanparasra nOKa3aHO pacnpeneneaae I'K H3 C06bITHH (2), "'1'" 

B KOTOpbIX no H3MepeHHbIM xapaxrepacraxasr BTOPHqHbIX I'K 6bmH BOC '\; 

PI,.,CTaHOBneHbI xapaxrepacrmca m n° -Me30HOB. B 3TOM cnysae COOTBeTCTBylO 0-150 150-300 300-450 450-600 600-750 750-900 cpennee 
utae CeqeHHH YMeHL1lleHbI (aa pacyaxe) B 10 pas. Herpyzmo 3aMeTHTL, qTO m M3B/c 

o6a pacnpeneneaaa HMelOT O,nHH H TOT ~e BH,n, B npenenax 3KcnepHMeHT8J1L
1 0,52± 0,56± 0,63± 0,62± 0,68± 0,55± O,59±

HbIX OUlH6oK. I1x MOxmO orracars CTeneHHOH 3aBHCHMOCTLIO 
0,02 0,03 0,06 0,11 0,23 0,28 0,06 

2 0,35t 0,36± 0,29f 0,33± 0,32± 0,36± 0,34± 
d3 

(1 0,01 ' 0,02 0,04 0,07 0,14 0,21 0,04 
E,.,dP3 - Pi; , 3 0,13± 0,09± 0,08± 0,05± 0,09± 0,09±,., 

0,01 0,01 0,02 0,03 0,09 0,02 
rae n= 1,9± 0,1 rtpa X~/K~3/2. 

OKa3aJ10CL TaK)Ke, qTO PI,., d3 a 205,0± 56,3± 13,0± 3,5± 0,9± O,4±E-pacnpeneneaaa rx H3 B3~MO ,., dp3 ,., 12,0 5,1 1,5 0,6 0,2 0,1neHCTBHH (2) C pa3nHtlHbIM
 
QHcnOM m BTOpH1ffibIX 11'0 -Me30- (M6.,r3B- :2 C3 )
 

35 

1 
I 

~. 
"-
~~--

3aeUCUMOCTrJ IlOpeH14-UH8apuaHTHOZO 

JlfifpeKTU8HOzO ceseuu» 06pa:J08aHUR~'O 
ZflMMa-K8QHT08 U3 peaK14UU 11'- + Xe 4. BblBOL(hI 
npu 3,5 r3B/c or ux nonepesnoeo'0 25N uunymca PIr Kpyxxu COO T8etct Ha OCHOBaHHH nonyveaasrx JlaMH pesynsraroa accnenoaaaaa HHKJIIO

~ eYIOT 11'-'" Xe-83aUMo(}eUCT8URM, 8 3HBHbIX pacnpeneneaaa nonepetIHLlX HMnynLcoB raMMa-KBaHTa, conpoaoxc
20 1C0TOpb'X 3ap~UCrpUP08QHbZ O(}UHOII nasouiax 'B38.HMOneHCTBHR npa 3,5 r3B/c, MOJKHO 3aKJIlOqHTh, lITO nopeau

'i HP"e rK K800PaTbl OTHOCRTCR K rK 

.J 
d3 

0 
U3 peaK14UU 11'- +Xe-rn7fO +..., m= HHBapHaHTHOe ceseaae E"'--3-'- ynoaneraoparensao annpoKcHMHpyeTCR 

dP,., 
" - 15 

:;: 1,2,3, npulieM 8 '3TOM cayuae 3Ha.\:.~ 
nOK83aTenhHoH cPYHKIUlee Pi~, rne n = 1,9 ± 0,1, He3aBHCHMO OT MHO)KeCTd3 

(1'"ttlti 10 
lIeHWI E"'--3- YMeHbweHbl 8 10 BeHHOCTH "'0 -Me30HOB, poacteaasrx B nHX B3aHMOneHCTBHRx. Kposre Toro, 

dP,., YCTaHOBneHo., lITO OCH'OBHbIM HCT011HHKOM :>Kee,TKHx OnHH011HhIX I'K, acnyc~... 
PQ3. KpU80iJ u306ptDCeHa noxasatens xaesrsrx B 11'-Xe-B38.HMOneHCTBHRX, B KOTOpbIX He aafirnonanacs HeHTp8J1hHble 
HtVI tPYHIC14UJJ -II~ (n=1,O±O,1) , an crpaaasre qaCTHI.t.bI, TO:>Ke HBnHIOTCfl1fo-Me30HbI. 

npOKCUMupylOU4aR sxcnepuuenrans-, B 3aKJIIOlIeHHe cneayer OTMeTHTh, lITO nonyseanaa HaMH 38BHCHMOCTb
D 300 600 a,. M3B/c \ nue iJaHHP"e ()( /I<.~ 3/2). OT PI 'Y CeqeHHR: 06pa30BaHHH rK BhICOKHX 3HeprHH B ~poH-HnepHbIx B3aH

6 

1(' 

4 5
 



Mo.n;eHCTBHHX eCJlH ona COXPaHHT CBOM BH.n; B 06JIaCTH 60JIee BbICOKI1X 
t HET Jrn nPOBEJIOB B BAll1EA BHEJIHOTEKE? 

3HepnIH 11 nonepevnsrx I1MnyJIbCOB, npe.n;CTaBJIHeT C060H I1CTOQHI1K ceps
Bsr MO)l{eTe nOJIY'JHTb no' noirre nepesacneaasre HH)I{e JOUII"H, ecJIH OHlf He 6bIJIH aa

e3HbIX MeTo.n;I1QeCKI1X Tpy.n;HOCTeH npa I1HKJI103HBHOM 

uecca nparaor:o 06Pa30BaH11H )KeCTKHX rK., 
I1CCJIe.n;OBaHl1l1 npo Ka3aHbl panee. 

JlI3-84-63 Tpynst XI Me)l(J:{YHapo,lUforo CHMn03HyMa no R,I1epHOH 
3JIeKTpoHHKe.opaTHcJIaBa,4exoCJIoBaKHR,1983. 

4 p. 50 K. 
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Jl2-84-366 

)lI,2-84·599 

JlI7-84-850 

Jlll·85·791 

Tpynsr 7 Me)l(,l\YHap0nHoro COBeU.t/lHHR no np06JIeMaM 
KBaHTOBOH reopaa nomr. AJIyWTa, 1984. 

Tpynsi VII Me:lKJlyHaponHoro cesraaape no npofinesiar« 
<pH3HKH BblCOKHX 3HeprHH. Jly6Ha, 1984. 

Tpynsr III Me)l(J:{yHaponHoro CHMn03HyMa no H36paHHhlM 
np06JIeMaM CTaTIR'TlAecl<OH MeXaHHKH. Jly6Ha, 1984. 
(2 TOMa) 

Tpyns; Me)fG.lyHspoJIHOro COBeII.UUJWI no aHaJIHTlAecKHM 
BbNHCJIeHHRM Ha 3BM H HX npHMeHeHHIO FJ reoperavecxoa 
<pH3HKe. Jly6Ha, 1985. 

4 p. 30 K: 

5 p. 50 K. 

7 p. 75 K. 

4 p. 00 K. 

JlI3:85-793 Tpynsr XII Me:lKJlYHaponHOrO CHMn03HyMa no HJ,I,epHOH 
3JIeKTPOHHKe. Jly6Ha, 1985. 

4 p. 80 K. 

Jl4-85-851 Tpynsr Me:lKJlYHaponHOH WKOJIbl no cTPYKTYpe RJ1pa. 
AJIywTa,1985. 

'3 p. 75 K. 

Jl3,4,17-86-747 TpynbI V Me:tenYHaponaoH WKOJIbI no HeATpOHHOH <pH3HKe 
AJIywTa, 1986. 

4 p. 50 K. 

Tpynsr IX Bcecososaoro coaeuiaxaa no yCKOpHTeJUlM 
3apR)I(eHHbIX qaCTHU. Jly6Ha. 1984. (2 TOMS) 

13 p. 50 K. 

.rU.2·86-668 Tpynsr VIII Me)l(JJ,YHaponHoroceMHHapa no npo6JIeMaM 
<pH3HKH BhlCOl<HX 3HeprliH. Jly6H8, 1986. (2 TOMa) 

7 p. 35 K. 

Jl9-87-105 Tpynsr X Bcecoioaaoro COBeIUaHHR no yCKopHTeJlRM 
3apJl)l(eHHbIXqaCTHU. Jly6Ha, 1986. (2 TOMa) 

13 p. 45 K. 

Jl7-87-68 Tpynsr Me~HaponHOHWKOJIbl-eeMHHapa no ¢lH3HKe 
TR)I(eJlblX HOHOB. Jly6Ha. 1986. 

7p.l0 1<. 

'I 
)l2-87-123 TpYJ.lbI'CoaeI.UaHHR "PeHopMrpynna· 86". Jly6Ha, 1986. 4 p. 45 K. 

" 

I~ 

)14-87-692 

Jl2-87-798 
. 

Tpynsr Me~HaponHOrOCOBeIUaHHR no reopaa 
MaJIOqaCT~IX H xaapx-anpoaasrx CHCTeM. Jly6H8, 1987. 

Tpynsr VIII Me)l(JJ.yHaponHOrO COBewa.'lHR no npo6JIeMaM 
KBllHTOBOH reopaa nOM. AJIyWTa, 1987. 

4 p. 30 K. 

3 p. 55 K. 

JlI4-87-799 Tpynhl II MeJKlI.YHaponuoro cHMn03HyMa no np06JIeMaM 
B38.HMOneHCTBHH MIOOHOB H nHOHOB C BemecTBOM. 
Jly6Ha, 1987 

4 p. 20 K. 

Jl17-88-95 Tpynhl IV MCJKlI.YHaponHoro CHMn03HyMa no H36pllHHhiM 
np06JIeMaM CT8mCTHQecKoH MeXaHHKH. Jly6HR, 1987. 

5 p. 20 tc. 

Pyxonacs nocrynana B H3,lJ,aTeJIbCKHH ornen 3aKa3bl aa ynoMRHyThle KHlfrH MoryT 6LITb aanpaaneas: no aapecy: 101000 Mocxaa, 
fJIaSnOqTaMT, nlR 79. l-bnaTeJIbcKlfH OTneJI 06'benHHeHHOro HHCTlfTyTa RnepHblX accnenoaaaaa. 28 nercafipa 1988 rona. 
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