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AHrenoe H. 11 ,qp. Pl-30-473 

AHa~l13 noee,qeHI1R Ce4eHI1M H MHOmeCTB6HHOCTI1 
rr--Me30HOB np11 B3811MO,qei:1CTBI111 penRTI1811CTCKI1X n,qep 
p, d, He , C c ·R,qpaMI1 yrnepo,qa 11 TBHTana 

npe,qcraeneHbl 3KCnepi1MeHT8nbHbl6 ,(18HHbl6 no HeynpyroMy 
B38HMO,qeHCTBH~ npOTOHOB C HMnynbC8MI1 8 11HTBPDSJ1e pp = 
= /2-10/ f3B/c 1-1 R,qep ,qei:1repHR, renHn 1-1 yrnepo,qa c HMnynb
caMH Ha HyKnOH R,qpa CHapR,qa B 11HTepeane Po •/2-5/ r3B/c 
C R,qpBMH YrJlepo,qa H T8HTana. 3Kcnepi1M6HT011bHblt\ MaTepHan 
nony4eH C noMO~b~ 2-MeTpOBOH nponaHODOH I<BMOPW Jla5opaTOPHH 
BbiCOKI1X 3Heprt-1i:1 01-UH-1. npoBO,(IHTCR 8Hiii111-1S AliHHWX 8 paMKax 
p83Jli14Hb1X TeopeTH46CKI1X Mo,qenei:i, 

Pa6ora Bbln011HeHa a Ila6oparop111-1 DbtCOKHX 3HeprHi:1 OHHH. 

npenpHHT 06oeJlHHeHHOrO 11HCTHTyTa RAePHbiX HCC11CA0DOUHA, .l1y6tla 1980 

Angelov N. et al. Pl-80-473 

Analysis of Behaviour of Cross Section and 
rr--Meson Multiplicity at the Interaction 
of p, d, He, C Relativistic Nuclei with Carbon 
and Tantalum Nuclei 

Experimental data are presented on the Inelastic 
interactions of protons, in a momentum Interval of 
P P ~ (2-10) GeV/c, abd deuterium, helium, carbon nuclei 

with momenta per nucleon, in an interval of P = 
= (2-5) GeV/c, with carbon and tantalum nuclei. fhe 
experimental data have been obtained using the 2m propane 
bubble chamber. The analysis of the experimental data 
has been made in the framework of various theoretical 
models. 

The investigation has been performed at the 
Laboratory of High Energies, JJNR. 

Preprlnt of the Joint Institute for Nuclear Research. Dubna 1980 
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1. BBE,(IEHHE 

3Kcnep!-1MeHTaJlbHbte ,qaHHbte no HeynpyroMy asat-1Mo,qei:1cre11~ npo
TOHOB c HMnyJlbCaM~I B 1-1HTepB811e Pp=/2-10/ f3B/c 1-1 n,qep ,qeHTe
PI-IR, re1111R 1-1 yrnepo,qa C 11MnynbCaMH Ha HYK110H R,qpa CHapR,qa 
a MHTepeane P 0 = /2-5/ f3B/c c R,qpaMM yrnepo,qa 1-1 raHrana no
ny4eHbt c noMo~b~ 2-Merposoi:i nponaHOBoi:1 KaMepbt Jla6oparopMH Bbi
COKHX 3Hepri1C1 OHHH, BHYTPYI pa6o4ero o6'beMa Koropoi:i 6bt11H pas
Mel!leHbt TPM TaHTaJlOBbte nnaCTJIIHKH TOnl!lMHOi:1 1 MM. MeTOAJ.14eCKHe 
1-1 nepBbte ¢JH3J.14eCKHe pe3y11bTaTbl 6bt11H ony611HKOB8Hbl B pa6o-
TaX 11-13/. B HacTORil\eH crarbe npoao,qHTCR ·aHa11M3 ce4eHHM Heyn
pyrHx B38J.1MO,qei:1CTBHH R,qep C R,qpaMJII 1-1 MHOmeCTBeHHOCTJII rr--Meso
HOB B 3THX 838J.1MO,qei:1CTBI1RX Ha OCHOBe 3H84HT6JlbHO 6011bWei:1 CTa
TJ.1CTHKJ.1 saperHCTPHPOB8HHbiX C06WTHC1, 

2. CE4EHHH HEYnPYfHX B3AHMO,(IE~CTBH~ H,(IEP C H,(IPAMH 

Ce4eHMR HeynpyrHx esaHMo,qei1cTBHi:1 R,qep 6bt11H onpe,qeneHbl Ha 
OCHOBe 6370 B38HMO,qeHCTBJ.1H B TaHTaJle 1-1 36760 B3aHMO,(I6HCTB~H 
s nponaHe np11 Y!Mnynbcax H,qep-cHapR,qoe P0 ~/2,3;4,2;5,1/f3B/c.HyKn. 
npo~e,qypa onpe,qeneHMR ce4eHHR 1-1 eeo,qHM~e npM 3TOM nonpaBKM, 
onHcaHHbte e pa6orax /3,7/, orpaHH4MBanH T04HOCTb onpe,qeneHHR 
ce4eHHC1 senH4H~oi:1 /3-5/%. B npe,qenax 3TOH T04HOCTM He Ha6n~
,qanocb 3aBHCI1MOCTH Ce4eHJ.1H OT nepB~4HOH 3Heprl1~. no3TOMy 
B ra611. 1 1-1 Ha pHC. 1 np~Be,qeHbl Be11~4HHbl ce4eHHi:1 B3a~MO,qei:1CTB~R 

npoToHoe, ,qeC1rpoHoB, R,qep renMR 1-1 yrnepo,qa c R,qpaMH yrnepo,qa 
11 T8HT8Jla, ycpe,qH6HHble no 11HTepBaJly nepBH4HbiX MMnyllbCOB p O = 
= /2-5/ f3B/c•HyKnOH. 

Ha pHc. 1 noKasaHa 3aBMCHMOCTb H3MepeHH~x K HaCTORI!leMy spe
MeHH HeynpyrMx ce4eHMH R,qep 1 14·211 or aroMHoro seca R,qpa-cHa
pR,qa A P 1-1 RApa-MHweHH A t .f!,qpa-cHapR,qbt MeHR~TCR e ,qManasoHe 
OT npOTOHa ,qo menesa, a R,qpa-MJ.1WeHH - OT A6HTepMR ,(10 ypaHa, 
BenH4HHbl nepBH4HbtX HMnynbCOB Ha HyKJloH saKn~4eHbt a MHTepeane 
/1-5/ f3B/c. npRMaR JlHHHR COOTBeTCTByeT paC4eTaM no ¢JeHOMeHo-
110rH4eCKOC1 Mo,qenH "reep,qbiX ct!Jep" c nepeKpbiTI1eM /22/: 

a =11R 2 (A 113 +A113 -b)2 
in 0 p t 

napaMeTpbl Ro "'b ~Ka381111Cb paBHbiMH Ro = /1,4,6~0,01/ ¢1M, 
b= 1 ,21~0,03 npH x Yn~ 3,5. 

/1/ 
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Ta6m1~a 1 

Ce4eHHR HeynpyrHx esaHMOAe~CTBH~ penRTHBHCTCKHX RAeP 

B MHJ1111t16apHaX 

~ At 
p He c 

c 265±I5 400±20 450±20 830±50 
Ta 1695£70 I9?5.±80 2390±95 34.45:ti40 

3KcnepHMeHTaJlbHble AaHHble annpOKCHMI1POBBJ11-1Cb T8Kllle 3aBI1CI1-
MOCTbiO /8,23/ 

ain =rrR~[A~/3+A:;s_f:l(A~l/\A-tl/3)] 2 121 

cornaCHO KOTOpO~ Be11H411Ha napaMeTpa nepei<Pb1TI1R b 3aBHCHT OT 

aTOMHbiX BeCOB CTaJ1KI1BaiOU111XCR RAep. 6bl111-1 nony48Hbl CJleAYIOUIHe 

3Ha4eHHR napaMeTpoe: R0 =I 1 , 32.:!:_0, 01 I ll>M, ,B - 0, 85.:!:_0, 03 npH x 21n=2,5. 

AnR onpeAeneHHR napaMeTpos R0 , b, f:l n ~opMynax 111 11 121, 
KpoMe H3MepeHHbiX HSMH Ce4eHH~, HCnOJ1b30BBJlHCb ABHHble pa-
6oT /14,15, 18·21~ Ce4eHHR, nony4eHHble a pa6oTe 117/, He Hcnonbao-

sanHcb no TO~ npH4HHe, 4TO HX BKJ1104eHI16 D annpOKCHMa~HIO cy-

UleCTBeHHO YXYAWano eenH4HHY x 21n. B pa6ore ItO/ He npHBeAeHbl 

OWH6Kr..1 B Bei1114HHaX Ce4eHH~. CneAyeT OTMeTHT b, 4TO BeJIH4HHbl 

Ce4eHI1~, nony4eHHble B pa3HbiX 3KCnepi1MeHTSilbHbiX paf5oTaX Afi.R 

OAHOH H TOM me napbl RAeP, He ecerAa cornacyiOTCR MeMCAY co6o~. 
3To CBF13aHO C oco6eHHOCTRMH MeTOAHKH 11 npo~eAYPOH y4eTa nonpa
BOK. 

3KcnepHMeHTaJ1bHble Ce4eHHR cpaBHHBaJlHCb TSKllle C T60peTH4eC~I1-
MI1 pac4eTaMH B paMKaX MOAeJie~ MHOrOKpBTHOrO pacceRHHR, B rnay-

6epOBCKOM llOAXOAe 124·271. Bo acex MOAenRx Hcnonb3YIOTCR 3Kcne:

PHMeHTailbHbte pacnpeAeJieHI1.R nJ10THOCTI1 HYKIIOHOB B RAPe B 3BBHCI1-

MOCTH OT napaMeTpa CT<)JlKHOSeHHR. Pa3J1114He MOAenei1 3BI<Ili04aeTC.R 

8 npl16!111lKeHHRX, ynpOUlaiOIJIHX npoBeAeHHe KOHKpeTHbiX I<OJ1H4eCTBefi

HbiX pac4eTOB. Cornac~t~e Teopent4eCKHX H 3Kcnepi1MeHTBJ1bHbiX ce-· 

4eHHH o~eHI1BB110Cb C noMOIJibiO x2-KpHTepHR AIIR KSliiAOH MOAeiiH 

no OAHHaKOBOMy C 3KCnepHMeHTSJ1bHbiM Ha6opy nap CTB11KHBBIOUII-1XCR 

RAeP B WI-IPOKOM HHTepeane H3MeHeHI1R STOMHbiX BeCOB Af: 11 At . 
Pesyn bTaT cpasHeHHR nony4HIICR cneAYIOUIHi1: <x 21n = :33) 24/ , 

(x 21n =9,5) /25{ (x 21n=:3,5) 1261, (x 21n -=2,5) /27~ AflR HBrJIRAHOCTI1 

cpaBHeHI1R Ha PI1C. 2, 3 npeACTSBileHbl Beni1411Hbl Ce4eHL1H, npeACKa-

3biBaeMble 3THMI1 MOAellRMH. npRMOH IIHHHeH noKa3aH pe3yJ1bTBT 

annpoKCHMa~HH 3KCnepHMeHTa!lbH~X ce4eHHH ll>oPMYIIOH 111 C napa-

MeTpaMH R 0 =11,46.:!:_0,011 !l>M i.1 b= 1,21.:!:_0,03. 
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PHc.2. Ce4eHH~ HeynpyrHx saaHMo,qeAcTDHH pen~TH
BHCTCKHX Fl,qep C .A,qpaMH, Bbi4HC!1eHHbiC D paMt<ax 

Mo,qeneei S.Barshay 1241(0) 1-1 P.J.Knrol 1261(A); np.AMa~ nw 
HHR - annpOKCMMa4HR 3KCnepHMeHTa!1bH~X Ce4eHHA 

4>opMynoi1 Ill. 
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PHc.3. Ce4eHHR HeynpyrHx aaaHMO,qeAcTBHH penATH

BHCTCKHX ~,qep C R,qpaMH, B~4HC!1eHH~e B paMKaX 

Mo,qeneH AH,qpeeea, XeHHa 126/ (•) 11 YmHHCKoro, 

UepeHa 1 271(~); np.AMaR !1HHHR- annpoKcHMa4H~ 
3KCnepHMeHTanbH~X Ce4eHHH $opMy!10H Ill. 

"' 
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I 

, 

TaKHM o6paaoM, npoee,qeHHbli:i aHanH3 noKa3biBaeT, 4To Ha1o16onee 

y,qa4HblM Oni1CaHHeM 3KCnepHMeHTaJ1bHbiX Ce4eHHH cne,qyeT C4MTa1'b 

$eHOMCH0!10rH4eCKHH no,qxo,q COrnaCHO $OpMyne 121 H TeopeTH4eCKHe 
MO,qenH aB.TOPOB pa6oT /26,27/, 

3. CPE~HHE 3HA4EHHR H ~HCnEPCHH PACnPE~EnEHH~ 
no 4HCnY nPOB3AHMO~E~CTBOBABrnHX HYKnOHOB RAPA-CHAPRAA 

npH HeynpyroM CTO!li<HOBCHHH penRn1BHCTCKOrO R,qpa C R,QpOM

Mio!WeHbiO B3ai'IMO,qeikTBYIOT He Bee HYK!10Hbl HaneTa!O!Jlero .R,qpa. 4acTb 

HYK!lOHOB ocTaeTc.R cneKTaTopaMH. Cnet<TaTopH~e HYKilOHbl 4acTo 

Ha3b!BaiOT CTpHnnt.1HrOBbiM~1. B C11y4ae B3ai4MO,qei1CTB~1R .A,Qep, KOTOpb!e 

TRH<enee ,qei1TpoHa, CTpHnm.-t~lrOBbiMI-1 MoryT 6b1Tb He TO!lbKO HYI<IIOHbl, 

HO 11 OCKO!li<H R,qep-CHap.R,QOB B BH,Qe CTa5H!1bHbiX 11 Ptl.QHOaKTHBHbiX 

' 3!1eMeHTOB. npH nepBM4HbiX 3HeprH.RX Ha HYK110H E o2: 1 r3B CTpl1n-

'nHHrOBble 4aCTH4~ 3aK!1~4CH~ B Y3KHX HMnynbCH~X 11 YiJ10B~X HHTep

Ba!laX, o6ycnOB!1eHH~X ~e~M~-ABHH<eHHeM HYK!lOHOB B R,qpe-cHapR,qe. 

Onpe,qenRR 3KcnepHMeHTa!lbHo a Kam,qoM aKTe ssaHMo,qei1cTaHR 4HCno 

cneKTaTopHbiX npoToHos, MOlKHo nony41>1Tb pacnpe,~:~eneHHe no. 4Hcny 

npoBSaHMO.Qei1CTI'~OBaBWMX npOTOHOB. npH 3TOM Heaa:I<HO, BXOAHT I!H 

npoToH-cneKTaTop s cocTae CTpHnnHHroeoi1 4aCTH~bl I d, t, 
3He , 4He 11 T.,q.l ~!111 OH HaXOAHTCR B cso6o~HOM COCTORHHH. 

np11 nepBJ1LlKOM HMnyl!bCe Ha I-IYK110H p 0 = 4, 2 f38l C CTpHmU1Hro-

13biMI1 Mbl C4HTaJ1H nO!lOli!HTeJlbHioiC 4CICT114bl, y KOTOpb!X yron Bbl!leTa 

no OTHOWeHI110 K ny4KY 5b!J1 MCHbWe 4°, a HMny!lbC 60J11ti!Je 3 f3Bic. 
3ap.R,q CTpHnmtKrOEibiX 4aCTH4 onpe,qertRI!CR no n110THOCTH HOHH3a4HH, 

,o - 3J1CKTPOHllM 
141 

11 BTOpH4HOMy B3ai1MO,qeikTBHIO cner<TaTOPHl>IX 

$parMeHTOB~ ~1eTO,C\H4eCtU1C BOnpOCbl, CBRSaHHbiC C onpe,qeneHJ.1CM 
CTpHnni.lHiOBbiX 4acntLt, paCCMOTpeHbl B pa6oTe /13/, 

B ,!S~ npHBe,qCHbl BCPORTHOCTH W n Ha6!110.QCH~1.R C06b1TI1H 

C onpe,qeJ1CHHbiM 411C!10M n npOD3SW~o,qei1CTBOBllBWHX npOTOHOB Ha

!lCTa~ero R,qpa np11 CTOJ1KH0BeHH~ ,qei1TpOHa, R,qep re!lH.R H yrnepo

,qa C TaHT8110M. npH $11KCHpoBaHHOM 411C!1e npoB3aHMO,qe~CTBOBaBWHX 
npOTOHOB 411C!10 npOB3aHMO,C\eHCTBOBa.DUIHX HeHTPOHOB MOlKeT MeHRTbC~ 
OT HY!l.fl lecnH n > 0 I 111111 oT eAHHHL\bl /np11 n = 0 I ,qo nonHero 
4HC!1a HeHTPOHOB B ~,qpe-cHapR,qe. 

TaK KaK Ce4eHH~ Heynpyroro BSaHMO,QeHCTBH.R npOTOHa H HeHT

POHa t .R,C\POM B npe,qenax 3KCnepi1MeHTa!lbHWX, OWH60K COBna,qaiOT, 

To, 3HaR cpe,qHee 4Hcno npoeaaHMo,qei1cTBoBaBwHx npoToHos, nerKo 

nony.'-111Tb cpe,qHee 4Hcno npoesaHMo,qeAcTeoeaewl1x HYKnOHoB .<v p> .•. 

B cny4ae .R,qpa~cHap.R,qa c OAHHaKoBwM 4HcnoM npoToHoe H HeHTRQHOB. 

< v P ·> == 2 < n > , 
13~ 

r,qe <n> - cpe,qHee 411cno npoesav.Mo,qei1cTeo~aBwl1x npoToHos.B pa~ 
6oTe

1
1S/ noKaaaHo, KaK 6ea Mo,qenbHbiX npe,qnonolKeHHi1,. Hcnonb3y.R 

7 
+3 .t 
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Ta6n~t.~a 2 

Bepo~THOCT~ wn Ha6n~AeH~~ co6WTHA c onpeAeneHHWM 
4HCnOM npOB3a~MOAeACTBOBaBWHX npOTOHOB npH CTOnKHOBeHHH 
d , He 1-1 C c ~ApaMI-1 TaHTana 

~ 0 I 2 3 4 5 6 

0,20+ 
ooz-

0,80+ 
o o2-

He O,I5 + 0,27 + 0,58 + 
O,OI- 0,02- 0,03-

c O,I4:t O,I3± O,I2± O,I2± O,I2± O,I3;t 0,24± 
0,02 0,02 0,02 0,02 0,02 0,02 0,02 

. 

Ta6m1l.la 3 

CpeAHwe 3Ha4eHI-1~ <v >~ KBaApaTbl AHcnepcHI::\ D ~ 
~ p ~ 

pacnpeAeneH~H no 4HCny npOB3aHMOAeHCTBOBaBWHX HyKnOHOB 

~AeP p , d , He , C c TaHTanoM 

A p d I He I c 
-

< pl I I ,60j:O ,04 2,86j:O ,IO 6,6j:0,3 

0~ 0 0,24j:O,Q2 I ,64j:O ,09 I6,9±I,O 
~f'RC. <. . > p I I, 72j:O,IO 2,84j:O,I6 5,9j:0,34 

pacnpeAeneH~~ no 4~cny npOB3aHAOAei::\CTBOBaBWHX npOTOHOB, MO~HO 
nony4HTb AHCnepcH~ pacnpeAeneHH~ no 4Hcny npoe3aHMOAeAcTsoeas-

WHX HyKnoHos, Dv =y<v ;?-<vp >2 • 3KcnepHMeHTanbHble 3Ha4eHH~ <vp> 
OKa3anHCb 6nH3KI-1MH K Bbi4HCJ1eHHbiM cornaCHO MOAeJlH He3aBHCHMOro 

B3aHMOAei::\CTBH~ HYKIIOHOB l'IApa-CHap~Aa 1281 4epe3 Benl-141-lHbl Ce4eHHI::\ 
HeynpyrHX B3aHMOAeACTBHI::\ no $OpMyJ1e 

A aN . <vpac.> = p At 

P a A pAt 
/4/ 

B Ta6n. 3 npHBeAeHbl 3KcnepHMeHTanbHble 11 pac4eTHWe eenH4HHbl <vp·>, 
D2 1-1 < v J'ac.>. BHAHO, 4TO c yeenH4eHHeM A P KBaApaT AHCnepcHH Df 6biCTpO paCTeT, TOrAa KaK CpeAHee 3Ha4eHHe <v > H3MeH~eTC~ p 
3Ha4HTeJ1bHO MeAJ1eHHee. 
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Ta6m-11..1a 5 

Cpe,qHHe 3Ha4eH~t~R MHomecTBeHHOCTH 17--MesoHa 
B HeynpyrHX B3aHMO,qe~CTBHRX npOTOHOB C R,qpaMH 
yrnepo,qa 1-1 TaHTana s HHTepsane_ HMnynbcos P P 

= 12-1 o; r3B/ c 

~ 2,3 4,2 5,4 
t 
c O,I5:tCJ,OI 0,33±(),015 0,52j:0,03 

Ta O,I4j:O,OI 0,45j:0,02 0,65j:0,04 

9,9 

0,93j:0,05 

I,I7j:0,06 
~-~---- ----- --· ------- -· ----------- -- - -------------- ---

i,S I 
o pc 
• PTa 

! 

~ 

4. MHOmECTBEHHOCTb 
17--ME30HOB 

MHomecTBeHHOCTb 17 -Meso
HOB 6btna onpe,qeneHa Ha ocHo
ee 5260 B3aMMO,Qe~CTBH~ 

A 

it 
3 

B TaHTane M 7950 B3aMMO
,Qe~CTBM~ B nponaHe npM HM
nynbCe R.Qep-cHapR.QOB .: 

" 4,2 r3B/c HYKn. KpoMe Toro, 
,qnR nepBH4HbiX npoTOHOB 6bl
na MCcne,qosaHa 38BMCHMOCTb 
cpe,QHe~ MHOmeCTBeHHOCTM 
17--Me30HOB OT nepBH4H.O~ 

3HeprMH e HHTepeane HMnynb
cos P~=/2-10/ r3B/c Ha oc
HOBe 3560 C06biTH~ B T8HTane 
M 7060 C06biTM~ B nponaHe. 

0,5 

Q. 4 6 8 10 
P. (r•&/o) 

PMc.4. 3aBMCHMOCTb MHomecTBeH
HOCTIII 17- -Me30HOB OT HMnynbca 
npoToHa B Heynpyr~t~x s~aHMo,qe~cT
BMHX npOTOHOB C R,qpaMH yrnepo,qa 
1-1 T8HTana; KpMBWe 1 M 2 - 3aBM
CHMOCTM An.R pN-B3aHMO,qe~CTBM~ 

npM HOpMMpOBKe MHOmeCTBeHHOCTI-1 
Ha nonHoe M Heynpyroe ce4eHMR 
COOTBeTCTBeHHO. 

AnR onpe,qeneHMR MHomecT
eeHHOCTH 17- -Me30HOB BO 
B3aMMo,qe~CTBMRX ~,Qep-CHapR
AOB c R,qpaMM yrnepo.Qa npM
MeHRnacb on~t~caHHaR paHee 13.10/ 
npo1.1e,qypa Bbl41t!Tai'IMR M3 
nony4eHHbiX H8MM 3KCnepMMeH-
TahbHWX ,qaHHWX no B3aMMo

,qeHCTBMRM C nponaHOM I-13BeCTHbiX 3KCtlepi1MeHtanbHbiX ,qaHHbiX no 
esa~t~Mo,qei1cTBHRM' c eo,qopo,qoM. B Tex ;Ke pa6~Tax Is, 10/ on11caHbl 
1-1 BBOAHMble np1-1 onpe,qeneHI-111 MHOmeCTBeHHOCTI-'1 ·17- -Me30HOB ·no
npaBKM, Heonpe,qeneHHpCTb KOTOpbiX Y~-lTeHa B, npHBOJ:!It!MbiX B ,qaHHO~ 
pa60Te OWH6Ka* • ' 

10 
~3 

.. 

'~ 
'i 

1:·~ 
t· J,'·~ 

B Ta6n. 4 np~t~BeAeHbl eepoRTHOCTI-1 pomAeHHR onpeAeneHHoro 4Hc
na n _ 17--Me30HOB np!-1 HeynpyrOM B3a!-1MO,QeHCTBI111 npOTOHOB C R,Q

paMH yrnepo,qa Ill TaHTana B lt!HTepeane lt!MnynbCOB /2-10/ r3B/t. 
B nocne,qHeH KOnOHKe Ta6n.4 np~t~Be,qeHO KOnH4eCTBO 3aperHC!PMPO
BaHHbiX co6biTI-1i1. · B Ta6n. 5 1-1 Ha p1-1c. 4 npe,qcTaeneHbl cpe,qHI-le 3Ha-
4eHI1R MHOli<eCTBeHHOCTI-1 17--Me30HOB < n_> .B 3TI1X B3aMMOAei1cT
BI-1HX, AnR cpaBHeHI1.R Ha PI1CyHKe noKa3aHa ~aBI1CI1MOCTb cpeAHeH 
MHOmeCTBeHHOCTI-1 17- -Me30HOB OT nepBI14HOrO 11Mny11bCa B pN
CTOnKHOBeHI1RX np11 HOPMI1pOBKe Ha nonHoe 11 Heynpyroe Ce4eH~.R 
/~nnowHaR 11 WTpMXOBaHHa.R n11H1111/. B11AHO, 4TO ysenl14eHI1e MHo
meCTBeHHOCTI-1 17--Me30HOB np11 B3aMMOAeHCTBI111 C .R,qpaMI1 no Cpas
HeHI-110 C pN -s3ai1MO,qei1cTBI1HMI-1 CTaHOBMTC.R saMeTHbiM npM MMnynbCe 
npoTOHOB Pp ?: 4 r3B/ c. 

B Ta6n. 6 np11se,qeHbl cpeAH11e sHa4eHH.R <n_ ·> 11 I<BaApaTbl AMC
nepcl-1i1 pacnpe,qeneH~t~i1 17- -Me3oHOB no MHomecTBeHHOCTH D !:=<n.?-<n_>2 

np11 HeynpyroM ssaMMo,qei1cTBMH .R.Qep p , d, He, C c Rf:lpaMI-1 
yrnepoAa 1-1 TaHTana np1-1 P 0 = 4, 2 r3B/ c HyKn. B nocneAHe~ Ko·· 
noHKe Ta6n, 6 npi-1BeAeHO KOnH4eCTBO 3aperi-1CTpHpOBaHHbiX C06biTI-1H 
KamAoro THna esai1MOAei1cTBI1~. KaK yme OTMe4anocb e pa6oTax16,10/ 
cpeAH.RR MHO>KeCTBeHHOCTb 17- -Me30HOB 6biCTPO pacTeT C yaem14eHiti~M 
aToMHoro HOMepa ~Apa-cHapRAa. Ha pl-1c.5 npeAcTaeneHa aaBI-1CM-
MOCTb cpeAHei1 MHOmeCTBeHHOCTI1 17- -Me30HOB <n > OT cpeAHero 
4Hcna npOB3ai1MOAeHCTBOBaBWI1X HYKnOHOB RApa-cHaPRAa <vp> AnR 
83ai1MOAei1CTBI-1~ C yrnepOAHO~ 11 TaHTanoB~ MHWeHRMI1, AnR CTOnK-
HOBeHI1i:1 .RAep d, He, C C yrnepOAOM BeJli-1411Hbl <v p > Bbi41-1Cn.A-
Jli1Cb no $opMyne /4/. B Ka4ecTee nepeoi1 T04KI1 6panacb MHomecT
BeHHOCTb, cooTBeTcTBYIOUla~ esai-1MOAei1cTBI110 11 cpeAHero HYKI10Ha11 

C MltiWeHbiO! 

<n > =.!.(<n > +<n > ). 
NAt 2 - pAt - nAt /51 

KaK B11AHO 113 p11c.S, cy~ecTsyeT np.RMaR nponop41-1oHanbHaR saei1-
CI-1MocTb Benl14~_> OT <vp>' TaKaR KapTHHa Omi1A8eTC.A, eCnl-1 
ssai1MOAei:1cTBYIOUlHe HYKnOHbl naAa10111ero 11Apa np1-1 o6pasoeaHHH "-
Meso HoB He oKa3biBaiOT cy~ecTBeHHoro em1HHI1R APYr. Ha APYra. 

Ha p1-1c.6 noKaaaHa saBI1CI1MOCTb A1-1Cnepcl11-1 D oT cpeAHe~ MHo-
mecTeeHHOC'TI1 <n_ > np1-1 HOPMI-lPOBKe 16 .111 pacnpe.qeneHHi1 Ha ce4e-
HI1e o6pasoBaHH.A 17- Me30HOB aprod , paCC411TaHHOe no MOAelll-1 
11M.RrK11X C$ep11 /25/,3AeCb TaKme npi1Be,qeHW 3KCnepHMeHTanbHble AaH
Hble 1291 no B3ai1MOAeHCTBHIO flAeP ren11R c ~ApaMI1 Li, C, Ne, 
Al , Cu, Pb /oTKpbiTble KBaApaTbl/ 11 .AAep yrnepof:la c RAPaMI1 

C , Ne, Si, Cu, Zr /saKpWTble K_B.aApaTbJ/ npi-1 P 0=4,5 r3B/c. 
np~MaH fl,I-1HI1R COOTBeTCTB}'eT 3Mnl-1pl14eCKOH_ ~.aBI-!C~,MO~.TI-1 ,..Bpypne,~~ 
cKoro AJl.R Heyhpyrl-1x pp -saai-1MOAei:1cTBI11:1 e I-1HTepsa.ne 11Mnynbcoe 
4-400 r3B/ c. WTp'HxoeaHHO~ ni1H11ei1 noKa3aHa 3~BHCI-11-\0,CTb. B~ITe-

' ~ • 1,, ,.\ l 

11 . 

~~ 



Ta61111Lla 6 

Cpe,qHHe 3Ha4eHI1.A <n > 1-1 t<Ba,qpaTbl ,QHcnepcH~ D 2 

pacnpe,qeJ1eHHi1 no MHO;eCTBeHHOC~H rr- -Me30HOB BO. 

aaaHMO.Qe~cTBH.Ax p , d , He , C c .A,qpaMH yrnepo,qa 
~~ TaHTana npl-1 Po = 4,2 r3Bic Hyi<J10H 

Ax> At < n_ > 
c 0,33:t_D,OI5 

p 
Ta 0,45:t;_0,02 

d c 0,60±0,03 

Ta 0,86;t0,03 
- -

c I,02±0,03 
·He 

Ta I,42:t;_0,06 
; 

c I,50:t;_0,05 c 
Ta 3,2 t;O,I 

. 

r-~--.---~--~~--~--r--, 

2 
A 
y}, 
v 

0 

" (N,d,H.,C)Th 
A (N,d,Ht,C) C 

jl<'/ 
/ 

-")it" 
~ 

,./ 

/ 

~ 

6 

Pi-ic-.5. 3aBI-1CI-1MOCTb MHo>KeCTBeH
HOC'TH ,- -M630HOB OT cpe,qHero I 

41-1CJ1a npOB3aHMO,qe~CTBOBaBWI-1X 

HYKJ10HOB R,qep-cHap.A,qoe N, d, 
He, C c .A,qpaMI-1 yrnepo,qa 
11 TaHTana. 

12 
"' 

Q 

0~ Ntot 

0,28jp,OI I620 

0,39:!_{),02 II32 

-
0,4B:t0,04 699 

O,??:t;_0,04 I44I 

0,96:t;_0,04 I333 

I , 50:t;_O , IO !244 

I,65;tCJ,08 II95 

8,4 ;!9.4 · I445 

4 .--~--.----.,.-.,-- -.---.-----..---, 

/ 

0 

• 

2 
<n.> 

• .. 

.3 

..... ..... 
-~--

P1-1c.~. 3asHCI-1MOCTb AI-1Cnepcl11-1 
~e,qHe~ MHO>KeCTBeHHOCTI-1 
,--Me30HOB B .A,qpo-.A,qepH~X 

I!S3ai-1MO,(\e~CTBI1.AX. 

f 

I) 

l 
•I) 

1,•. 

\j 
t' n 
I 
p ,. 

t<a~~a.A 113 pacnpe,qeneHI1.A nyaccoHa. Hs PI1C.6 OT4eTJ111BO 811,(\HO, 
4TO np11 B3ai1MO,qe~CTBI-111 .A,qpa yrnepo,qa ~>KeJ1biMI-1 MI-IWeH.AMI-1 
pacnpe,qeneHHe no 411C11Y poll<,qeHHbiX TT- -Me3oHOB cy~ecTBeHHO pac
WI-IP.AeTC.A. Tat<ae noae,qeHI-Ie cs.AsaHo c yaeJ1114eHHeM BKna,qa ·a ,qHc
nepcH~ D_ ¢11YKTYal.li-1H 4f.1cna esaHM<(Ae~cTBY~~HX HYKJlOHOB .A.Qpa
cHap.A,qa D v I eM. Ta6n. 31. Kea,qpaT AHCnepCI-11-1 D ~ a .A,qpo-.A,qep
HbtX CTOJ1KHOBeHf.1.AX B npe,qnOJ10ll<eHHI-1 He3aBI-1Cf.1MOro B3aHMO,Qe~CTBiti.A 

HYKJlOHOB .A,qpa-cHap.A.Qa c .A,qpoM-MHWeHb~ san~t~CbtBaeTCH a Bi-1.Qe /6,li3/ 

2 2 2 2 
D_=<vp>DN+<nN> Dv, 161 

a cpe,QH.A.A MHO>KeCTBeHHOCTb 77- -Me30HOB: 

<n_> = <vp> <nN>. 171 

3,Qecb <n N> 1-1 D N - cpe.QHee 3Ha4eHf.1e 1-1 .Qf.1Cnepcf.1.A pacnpe,qeneHH.A 
no 4HCI1Y 77- -MesoHOB a NAt -ssaHMO,Qe~cTBf.1l'lX. BI-1.QHO, 4TO np1-1 

6onbwl-1x eenl14f.1Hax D v ponb BToporo 4IleHa e ¢opMyne 161 aospa-
cTaeT. Benf.1411Hbt <n N > 11 D~ .QJl.A HYKJ1oH-TaHTan-cTOI1KHOBeHH~ 
6btill-1 nony4eHbl 113 3Kcnep~t~MeHTanbHbiX .QaHHMX no pp-·, np- 1-1 pTa-
esa~t~Mo.Qe~cTBH.AM /30/: 

<nN > = 0,55.:!:_0,03; D~= 0,46.:!:_0,03. 18! 

B Ta6n. 7 npe.QcTaeneHbt Bbt411CJleHHbte no ¢opMynaM !61 vt 171 
eeJ1H4HHbt cpe.QHe~ MHO>KeCTBeHHOCTI-1 <n > 1-1 .QHcnepcHI-1 D 2 Afl.A 
I d, He, C ITa -e3af.1MO.Qe~cTBvt~~ Hs cpaeHeHH.A T.a6n.6 1-1 7 
BI1.QHO Y.QOBJ1eTBOPI1TeJ1bHoe cornaose 3Kcnepi-1MeHTaJlbHbiX ,qaHHbiX 

c pac4eToM • 

Ta6J1HI.la 7 
Cpe.QHvte 3Ha4eHH.A <n_ > 1-1 KBa.QpaTbt .Qf.1Cnepcvt~ D :_-
pacnpe,QeJ1eHvt~ no MHO>KeCTBeHHOCTI-1 rr--Me30HOB np11 
B3avtMO,Qe~CTBHH .A,Qep-CHap.A,QOB C TaHTaJlOM, Bbl4f.1CJ1eHHbte 

no ¢opMynaM'I61 1-1 /7/ 

~ d He c 

<. n,_ > 0,88_i(),05 I,57_i();08 3 ,63_i() ,I? 

0~ 0,8I_i(),07 I,8I_i(),I5 8,I2_i(),?O 

13 
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npo4ecc MHomeCTBeHHOro o6pasoBaHHR " -Me30HOB npH B3aHMO
.qet1CTBHH R.qep yrnepo.qa 11 aproHa c KHHent4ecKold 3Hepnrei1 .qo 
2,1 f3B Ha HYKflOH c MHUJeHRM!-1 LiH, NaF, Bai

2
, Pb

3
0

4
Hc-

cne,qosancR s 
131

•
321

• B 3TIIIX pa6oTax Tome Ha6111o.qancR poeT cpe.q
Hetl MHOmeCTBeHHOCTH rr--Me30HOB C yBe~l14eHHeM aTOMHOrO HOMepa 
CTaJlKHBqiOUIMXCR R,qep, KOTOPbli:i Ka4eCTBeHHO MOmeT 6b!Tb 061>l'lCHeH 
yBeJ1H4eHHeM LIHCJla B3ai1MO.qei1cTflYIOili11X HYKJlOHOB. 0AHaKo KOJ111-
4eCTBeHHOe cpaBHeHHe 3THX pe3YilbTaTOB C HSWHMH .qaHH~MH npo
BeCTH TPYAHO H3-3a HCnOJ1b30BaHMR B pa6oTaX /31, 3~/ COCTaBHb!X 
MMUJeHe~. 

5. 11l~EHTPAJ1bHblE" CTOJ1Kl-IOBEHHJI 

tlnR H3y4eHHR R,qep 8 3KCTpeMaJ1bHbiX COCTORHHRX npe.qcTasm~eT 
HHTepec MCCJle,qoBaHI1e CTOili<HOBeHI-!H RAep C MaJ1bJMI1 np114eJ1bHbiMH 
napa~~eTpaMH, Tal< Ha3blBaeMbiX 11 4eHTpaiJbHbiX11 CT011f<HOBeHI1i1 /33i,npl-1 
LieHTpaJ1bHOM CTOJ11<HOBeH1111 BO B3ai1MO.qe?'; CTBHH' y4aCTI:IyeT Maf<CI1-
MaJ1bHO EI03MOlKHOe 411CJ10 HYKilOHOB CTaJli<HBai00!11XCR R,qep, 4TO noaso
J1RCT H3y4aTb xapaKTepHCTHKH HCTHHHO MHOrOHYKJ10HHMX B3SHMO,qei1-
CTB~IH. C MeTOAI14eCKO~ H TeopeTH4eCKOH T04CK 3peH11R HaH6onee 
y,q06Hbl AilR I-13Y4eHI111 CTOJ1KHOBCHI1R ABYX OAHHaKOBblX R,qep. f5naro
,qap.R CHMMeTPI-111 Ha4anbHOro COCTORHI1~ nOHBJlReTCR B03MOmHOCTb 
onpe,qeneHMR CHCTeMb! 1.1e1Hpa Mace, KOTopaf! cosna11aeT a 3TOM 
cny4ae c c.1.1.M. Mr~ NN-esa~tMo,qeillcTi9Hill np1.1 TOM Jf!e W·mynbce· 
Ha HYKnOH, 

ABTOPb! .pa60Tbl /3
4

/ Ha OCHOBe WHPOKOrO Knacca TepMO,(lHHaMH4ec
K11X MO,qeneH npe,qCKS3~BS~} B TaKHX CTOJ1KHOBeHHRX nyacCOHOBCKOe 
pacnpe,qeneHHe no MHOlKeCTBeHHOCTH "- -Me30HOB. 11

l.leHTpaJ1bHb!MI1
11 

CTOJlKHoBeHH.RMH HaMI1 C4HTa11!1Cb S3aHMO,qei1cT!'U-u!, 
B KOTOpbiX B yrnOBOM 11HTepaane +4 ° riO OTHOWCHHIO K HanpaaneHHIO 
ny4Ka npH P 0 ,.,4,2 f3B/c OTCyTCTEJOBaJ1H 3apRmeHI·II>IC CTPHnn11HrOBble 
4>parMeHTbt fiApa-cHapR,qa. Cne,qyeT OTMeTHTb, 4To TaKoi1 I<PHTepl1i1 
OT6opa KalKeTCfl HaM HaH6onee a,qeKsaTH~M nocTasneHHoi1 saAa4e, 
TaK KaK ero npi1MeHeHHe He AOJlmHO rJPI1BO.QHTb K HCKalKeH11~ MHO
lKeCTBeHHOCTI1 rr--Me30HOB, B OTJ111411e OT npii!MeHfleMo·ro 11 HeKOTOp~X 
pa6oTaX OT6opa l.leHTpaJlbHbiX CTOJ1KHOBeH11i1 no HaJ1H4H~ 6011bUJOH 
MHO~eCTBCHHOtTH BTOpH4HbiX 4aCTH1.1. 

,llonR t.teHTpanbHbiX CTOJ1KHOBeHI1i1 no OTHOWeHI1~ KO BCeM Heynpy
rHM CTa -aaai1Mo,qe~cTBHRM cocTaB1111a /24!:._2/%··· Bemt4~Hbl cpe,qHei1 
MHOlKeCTBeHHpCTJ.:! rr- -Me30HOB 11 KBa,qpaTa •. ,l.l11CnepCHH pacnpe,qeneHH11 
MR 4eHTpanbHb!X CTa -eaaf'!Mo,qei1cTBI1i1 ot<asani1Cb paBHb!MH 

'. " 
' ! 

<n,_> ""1),5 ± 0,2, n: :7,7 ±o,s. 
191 

14 
... 

,. 

·'' :'I 

j :1 

( 
.. 
I' .., 
; 

TaKoe cylKeHHe pacnpe,qeneHHR no oTHoweHH~ KO seeM CTa -asaHMo-
,qeillcTBHRI-1 Ka4eCTBeHHO MOlf<HO nOHRTb 113 pacCMOTpeHH.A <!>OpMy.llbl 
/6/. f!CHO, 4TO OTHOCHTellbHblill BKna,q BTOporo 4JleHa AJlR TaKI1X 
co6biTHC1 peSKQ yMeHbwaeTcR. O,qHaKo, ecn11 aHanorH4HYIO npolle,qypy 
OTOopa C06biTH~ C MaJ1biM11 napaMeTpaMH CTOilKHOBeH11R npHMeHV!Tb 
K CC-esai1Moi\eC1cTBHRM, TO Ha6n~.~:~aeTCR cyme.cTBeHHoe cymeHHe 
pacnpe.qeneHHR no MHomecn:seHHOCTH "- -MeaoHoB no cpaBHeHI110 
C 3aKOHOM nyaccoHa. tlnR CC -B3aHMOAeHCTBI1H, B KOTOPbiX HeT 
aapRlKeH~!X CTpHnnHHrOBWX 4JparMeHTOB R,qpa-cHapR,L~a HJlH eCTb 
T011bKO O.qHa O,QH03apR,L~HaR CTpHnni1HrOBaR 4aCTI14B, aenM411Hbl <n > 
H D :_ nony4!11111Cb cne,qyiO!liHMH: 

<n_>=2, 77::!:0, 08, n: =.2,15.±_0,09. /10/ 

tlonR TaKHX co6b!THi1 no OTHOUJeHH~ KO seeM HeynpyntM CC-cTonK-
HOBeHMRM cocTaBnReT - 3%. Ha6niO,qaeMoe cymeHHe pacnpe.~:~eneHI1R 
AJlR CC-eaaHMOAei1cTBHi1 npoTI1Bope411T npeAcKasaHI1RM aaTopoe 
pa60Tbl /34/. BosMOlKHo, oTJ111411e OTHOUJeHHill <n_>/D_: .Q11R CC 
11 CTa 4eHTpanbHbiX CTOJ1K~IOBeHHH CBR3aHO C p<l3HI>IMH OTHOCHTenb
HbiMH BKJlaf.:!aMH KP<lTHbiX 133aHMO.qei1cTBHi1 O,llHHX H TeX me HYK110HOB 
CTa11KI1Ba~lliHXCR R.qep. 

6. 3AKJ104EHHE 

Ce4eHI1.A Heynpyroro asaHMo.qei:lcTB~tR nerKMx pem1THBI1CTCKHX 

~ ····---, 

.A,qep d , He, C c RAPaMH yrnepo,qa H Ta~tTana a npe.~:~enax 3Kcnepi1-
MeHTanbHbiX OWI160K He SaBHCRT OT nepBHI~HOi1 3HeprH11 El• HHTepBane 
nepBH4HbiX 11MnynbCOB /2-5/ f3B/c HyKn. 3aBHCHMOCTb 3KCnepHMeH
TaJ1bHbiX Ce4eHHi1 OT aTOMHbiX BeCOB R.qpa-CHapR.qa H R,qpa-M~-tWeHH 
xopowo onHCbiBaeTCfl B paMKax Mo.qenl1 MHoroKpaTHoro pacceRHHR 
a rnay6epoecKoM no,qxo.~:~e 126,271 H 4>eHoMeHonorHllecKoC1 Mo,qenl1 123/, 
Y411TbiBa~llleH 3aSI1CI1MOCTb BeJ111411Hbl napaMeTpa nepeKpbiTI1R R,qep OT 
HX aToMHbiX aecos. 

MHolKeCTBeHHOCTb "- -MesoHOB eo eaai1Mo,qei1cTBHRX npoTOHOB 
c R,qpaMI1 yrnepo,qa H TaHTana aaMeTHO ysenH4HBaeTCR no cpaeHe
H11~ C MHOlKeCTBeHHOCTb~ B npOTO~HYKilOHHbiX B3ai1MO,L~eHCTBI1RX np11 
11Mnynbcax nepBI14~1X npoToHoB P 0 ~ 4 f3B/c. 3t<cnepi1MeHTanbH~e 
3Ha4eH11R cpe,qHero 4HCJ1a B3aHMOAeHCTBY~I1X HYI<JlOHOB HaJleTa~
utero ·R.qpa npH CTOJ1KHOBeHI1RX !lflep d, He, C c RAPaMI-1 TaHTana 
HaXOARTCR B YAOB11eTBOPI1TeJ1bHOM COrJ1BCI111 C B8J1H411HBM11, omH,qae
Mb!MI1 Ha OCHOBe MO,qenH He3aSI1CI1MOro B3BHMO,qei1CTBI1R HyKnOHOB 
R,qpa-cHapR,qa. 

HcxoAR 113 npe,qcTaeneH11R o Hesaai1CI1MOM B3BI1Mo,qeHCTBI111 HYK
noHoB Rflpa-CHapR,qa C RfiPO~MHWeHb~, C nOMOillb~ 3KCnepHMeHTanb
HbiX cpeAH11X 3Ha4eH11i1 H AHCnepCHH pacnpe,qeneHI1i1 no 411CJ1y B3ai1MO-
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~e~cTey~~Hx HYKnOHOB R~ep-cHapR~os y~aeTcR o6cRCHHTb 3Ha4H
TenbHoe pacwHpeHHe pacnpe~eneHH~ no MHomecTBeHHOCTRM rr--Me3o
HOB c ysenH4eHHeM aTOMHoro seca HaneTa~Hx R~ep. Ha6n~~aeMoe 
Cy~eCTBeHHOe cymeHHe pacnpe,QeneHHR no MHOmeCTBeHHOCTH rr- -
Me30HOB 8 l!eHTpaJlbHbiX CC -CTOJlKHOBeHHRX npOTHBo.pe4HT npe.q
CKa3aHHRM/34/ WHpOKOrO KJlacca TepMO,QHHaMH4eCKHX MO,QeJle~. 

ABTOPbl C4HTa~T CBOHM npHRTHbiM .qonroM Bblpa3HTb 6naro.qapHOCTb 
nepcoHany 2·-MeTposo~ nponaHoso~ KaMepbi 3a nony4eHHe CHHMKOB 
H na6opaHTaM 3a noMO~b s npocMoTpe H o6pa6oTKe 3Kcn~pHMeHTanb
Horo MaTepHana. 
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TEMATWIECKJ1E KATErOPJ111 llYBJIW<AUHti 

OB'bEtliDIEHHOro KHcmTYTA H,nEPHhiX 

J1CGnE~OBAHMti 

Hu.neKc TeMaTHKa 

1. 3Kcnep~MeHTanbHaR $H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4ecKaR $H3HKa e~COKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ¢H3HKa HH31<HX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCI<OnHR H paAHOXHMHR 

7. ¢H3HI<a TR*en~X HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
.QaHHbiX 

11. Bb14HCnHTenbHaR MaTeMaTHI<a H TeXHHKa 

12. XHMHR 

13. TexHHKa $H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBepA~X Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 31<cnepHMeHTanbHaR $H3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H $H3HKa Sa~HTW 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. ~cnonb30BaHHe peaynbTaTOB H MeTOAOB 
¢YHAaMeHTanbHWX $H3H4eCKHX HCCneAOBaHHH 
B CMemHWX o6naCTRX HayKH H TeXHHKH 
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