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BBE,ll,EHY1E 

Pa6oTa COAepm~T ~Toros~e 3Kcnep~MeHTanbH~e AaHH~e no ~ccneAo
BaH~~ KyMyn~T~BHOrO pomAeH~~ npOTOHOB ~ nerK~X ~AepH~X $parMeH
TOB (d ,t) np~ B3a~MOAe~CTB~~ npoTOHOB ~ Ae~TPOHOB C ~MnyflbCOM 
8,9 r3B/c c paan~4H~M~ ~APaM~, nony4eHH~e s ~HKn~a~sHo~ nocTa
HOBKe Ha cneKTPOMeTpe ,lJ,YlCK-2 111 , B KOTOPOM ocy~eCTBn~eTC~ Mar
H~TH~~ aHan~3 BTOP~4H~X 4aCT~4 no ~MnYflbCaM, ~3MepeH~e BpeMeH~ 
nponeTa ~ noTepb 3Hepr~~ Ha ~oH~3a4~~. ~aMepeH~e aMnn~TYA 4epeH
KOBCKoro ~3fly4eH~R B C4eT4~KaX C TBePA~M~ paA~aTopaM~. YcTaHOBKa 
pa6oTaeT Ha n~H~~ c 3BM EC-1040. noneaH~e co6~T~R B~AenR~Tc~ Ha 
OCHOBe MHOrOMepHOro aHafl~3a 3KCnep~MeHTaflbHO~ ~H$OpMa4~~. Onpe
AeneH~e a6con~THoro 3Ha4eH~R ~HTeHc~sHocT~ neps~4Horo ny4Ka npo
~3BOA~TCR no ~3MepeH~~ HaBeAeHHO~ aKT~BHOCT~ B peaK4~~ 
12C(p,pn)11C, Y1cnonb3yeMaR B 3KCnep~MeHTe ~HTeHC~BHOCTb nep-
B~4HOrO ny4Ka COCTaBflRfla -1011 4aCT. B 4~Kne YCKOpeH~R. 

HacToR~a~ pa6oTa RBnReTCR nor~4ecK~M npoAonmeH~eM ~ccneAosa
H~~ pOmAeH~R KYMYflHT~BH~X n~OHOB ~ KaOHOB 121 . npeABap~TeflbH~e 
AaHH~e no KyMynHT~BHOMY pomAeH~~ npoTOHOB, Ae~TPOHOB ~ Tp~T~H 

6~n~ ony6n~KosaH~ paHee 131 . B Hawe~ pa6oTe M~ AeTanbHO ~ccne-
..... - --'.- .. - ~ T"t\_ 1\ (l - - - - - -

MJ\,.,1'""1 \.1)._,01 M~n I 04l'lr.J n~-J.C:.~ A. U "'' U.l , 1-J,JIM 1'\.U I U~DII"\ IIUJI:J~CnDI Vlni'\.JirV~¥10 

H~e ce4eH~H noA yrnaM~ Ha6n~AeH~H 90°, 120°, 154°, 162°, 168°, 
180° /3HepreT~4eCK~e cneKTp~/. ,ll,nR 3T~x *e HAeP ~3MepeHa noApo6-
HaR yrnosaH aas~c~MOCTb B ~HTepsane yrnos 90° 7 180° np~ ~Mnynbce 
BTop~4H~x 4acT~4 ~.d. t) 900 M3B/c. B6n~a~ yrna 180° nony4eH~ 
AaHH~e no yrnoso~ 3aBMC~MOCT~ AflH npoToHoB ~ Ae~TpoHOB c MMnynb
coM 500 M3B/c (Pb) . B dPb-saa~MoAe~cTB~~ ~3MepeH~ ~HKn~3~BH~e 
Ce4eHMH KaK $yHK4~R K~HeTM4eCKO~ 3Hepr~M ~CCfleAyeM~X 4aCT~4 

AnR yrnos Ha6n~AeH~H 90°, 120°, 168° ~ yrnosaH aas~c~MOCTb 
s MHTepsane 90° 7 180° c waroM 4epea 2° np~ ~Mnynbce 700 M3B/c. 

B~4Y1CnEHY1E CE4EHY1A 

Y1Hsap~aHTH~e AM$$epeH4~anbH~e ce4eHMH pomAeH~R BTop~4H~x 4ac
TH4 onpeAenHnMcb no $OpMyne 

/1/ 

rAe p s M E s- ~Mnynbc ~ nonHaH 3Hepr~~ BTOP~4HbiX 4acT~4; N - 4~c-

I 



no 4aCT~~ onpeAeneHHoro copTa, B~AeneHH~x nocpeACTBOM MHoroMep
Horo aHan~aa; Mp - oTHOC~TenbH~e noKa3aH~~ MOH~Topa nepe~4Horo 
ny4Ka; (Mp/lp) - KOHCTaHTa, CB~3~Ba~~a~ OTC4eT~ MOH~Topa Mp 
C ~HTeHC~BHOCTbiO nepB~4HOrO ny4Ka; XA- TOn~~Ha M~WeH~ B M6 -1; 
Ao- aKcenTaHc ycTaHOBK~, paeH~~ 

1 
A 0 = - J n (p) ctp • 

Ps 

rAe O(p) - exOAHO~ TenecH~~ yron An~ ~Mnynbca p ; l - nonpaeKa 
Ha B3a~MOAe~CTB~e BTOP~4H~X 4aCT~~ B ee~eCTBe cneKTPOMeTpa; K

8 
-

nonpaeKa Ha KOHe4H~~ ~HTepean per~cTp~pyeMbiX ~Mnynbcoe ~ yrnoe; 
KT- nonpaeKa Ha TOPMO~eH~e ~ MHOrOKpaTHOe pacce~H~e B M~WeH~. 

Pacl..leT nonpaeoK K 8 ~ K T npoBOA~nc~ e npeAnono~eH~~, '-lTO e ~H-
Tepeane ~Mnynbcoe L'ip ~ TenecH~x yrnoe 1'10 , per~cTp~pyeM~x 
ycTaHOBKO~, Ce'-leH~e PO~AeH~~ 4aCT~~ MO~HO annpoKC~M~poeaTb 

Bblpa~eH~eM 

p2 T 
a= C • E exp[- T-(1- cosO)], 

0 

rAe T- K~HeT~4ecKa~ 3Hepr~~ BTOP~4H~x 4acT~~; T0 - napaMeTp 
HaKnOHa CneKTpa, 0- yron pO~AeH~~ 4aCT~~~, C - KOHCTaHTa. 

B 3TOM cny4ae nonpaeKa K 8 onpeAen~eTc~ <t>opMyno~ 

as • fO (p)dp 

Jai U(pi )dp i 

/2/ 

nonpaBKa K T, CB~3b1Ba~~a~ 3Ha4eH~~ nepeMeHHbiX Ha BXOAe B KaHan 
cneKTPOMeTpa ~ 3Ha4eH~~ 3T~X nepeMeHH~X B T04Ke pO~AeH~~, onpe
Aen~eTC~ e~pa~eH~eM 

Jain (pi )dpi 
KT= 

fa. O(p.)dp. 
el I I 

/4/ 

- ycpeAHeHHa~ een~4~Ha Ce4eH~~ no 3Ha4eH~~ yrnoe Oe = Oi + T} (x) 
~ ~MnynbCOB P e = Pi + 8p(x) B T04Ke PO~AeH~~, npeo6paay~~~XC~ Ha 
B~XOAe ~3 M~WeH~ B 3Ha4eH~~ pi ~ Oi, w ( T}) - pacnpeAeneH~e 

raycca An~ MHOrOKpaTHOrO pacce~H~~, f- TOn~~Ha M~WeH~ Ha nyT~ 
BTOP~4HOro ny4Ka. 

2 

8TOP~4H~e 4aCT~~bl, npOXOA~ 4epe3 C'-leT4~K~ cneKTPOMeTpa, ~3Me

HH~T HanpaeneH~e ceoero AB~*eH~H ~a-aa MHoroKpaTHoro pacceHH~H. 
np~ TOpMO~eH~~ ~3MeHH~TCH ~ BXOAH~e TenecH~e yrn~, nOCKOnbKY 
n~H3~ cneKTPOMeTpa $OKYC~py~T Ha nocneAH~~ C4eT4~K 4aCT~4~ 

C ~eHTpanbHbiM ~MnynbCOM p 
8 

, pO~AeHHble B 4eHTpe MI-HU€H~. 

AnH B~HCHeH~~ en~HH~H yKaaaHHbiX <t>aKTopoe pacc4wrb1Ban~cb pac
npeAeneH~e BXOAH~X TenecH~x yrnoe ~ aKcenTaHc c y4eToM TopMo~e
H~H ~ pacceHH~H ~ 6ea Hero. OTHOWeH~e een~4~Hbl A0 c pacceHH~eM 
K een~4~He A0 6ea pacceHH~H onpeAenHeT nonpasKy l , aae~cH~Y~ oT 
copTa 4aCT~~, OT ~MnynbCOB ~ KOn~4€CTBa Be~eCTBa B KaHane. 

Pac4eT xapaKTep~cT~K ~ MOAen~poeaH~e pa6oT~ cneKTPOMeTpa 
npoBOA~n~cb no MeTOAY MoHTe-Kapno c noMOIJib~ nporpaMMbl DISCO 
~ npoAeMOHCTp~poean~ xopowee cornac~e c 3Kcnep~MeHTOM. 

3KCnEPI-1MEHTAilbHbiE AAHHbiE 

nony4eHH~e e pa6oTe ~HKn~a~eH~e ce4eH~H po~AeH~H npoToHoe, 
Ae~TPOHOB ~ TP~T~H coAep~aTcH e Ta6n. 1-13. AaHHble Ta6n. 1-11 
npeAcTaeneH~ e B~Ae: 

2 
1 E da 1 E d a [ , -2 3 A dp "'A. P'2 dpctn M6. r JU • c • 

-1] cp , 

A. 3HepreT~4ecK~e cneKTp~ 

B Ha~6onbweM ~MnynbCHOM ~HTepeane nony4eHbl 3Kcnep~MeHTanbHble 
peaynbTaT~, OTHOCH~~eCH K 6onbW~M ~ ManbiM nonepe4Hb1M ~MnynbCaM, 
COOT.BeTCTBy~~M yrnaM Ha6.n~AeH~H 90°, 168° ~ 180°. 

Ha p~c. 1+6 npeACTaeneHbl COOTBeTCTBY~~~e AaHHble AnH npOTOHOB, 
Ae~TpOHOB ~ Tp~T~H COBM€CTHO C AaHH~M~ pa6oT/4+6/, nony4eHH~M~ 
np~ ~Mnynbcax nepB~4H~X npOTOHOB 8,5 ~ 400 r3B/c. 1-13 p~CyHKOB 
B~AHO, 4TO HaW~ peaynbTaTbl no npOTOHaM ~ A€~TpOHaM, COBnaAa~~~e 

e npeAenax ow~6oK no a6con~THO~ een~4~He c peaynbTaTaM~ 141 , oT
nH4a~TCH OT peaynbTaTOB, nony4€HHb1X np~ ~MnynbCe 400 r3B/c, 
OCo6eHHO B ~eCTKO~ 4aCT~ cneKTpa. 3TOT $aKT npoT~Bope'-l~T $€HOMe
HOnor~4eCKO~ r~noTe3e HA€PHOrO CKe~n~Hra 171 . 0TMeT~M, 4TO HaW~ 
AaHHble no npoTOHaM, A€~TPOHaM ~ Tp~T~~ /90°/ HaXOAHTCH B xopoweM 
cornac~~ c peaynbTaTaM~ pa6oT lSI, 

B nepeoM np~6n~~eH~~ cneKTPbl BTop~4HbiX 4acT~4 Mo~Ho on~caTb 
CfMMO~ ABYX 3KcnoHeHT, xapaKTep~ayeM~x pa3HbiM~ HaKnoHaM~ /napa
MeTp T 0 1 I Ha y4aCTKax - AO 800 M3B/c ~ ceblwe 800 M3B/c. 

np~ On~CaH~~ Ce4eH~H B~pa~eH~€M 

1 E d 2 a 
A 7 ( dpdO ) - C 1exp(-T/T 01) + C 2. exp(-TIT 02) 

3 
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PRe. 3. HHaapHaHTHoe ce~emie na 
HyKnOH B ~YHK~llll KllHeTll~eeKOH 
3Heprllll, ,[(eii:TpOHbl, () = goo, 
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• P.•e,sr :>B/c 9=162' 
• P0 =400f•6/c Ta,9=160 
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rAe T- K~HeT~~ecKaH 3Hepr~H BTOP~~HO~ ~acT~4~ /M3B/, nony~aeM, 
Hanp~Mep, cneAY~~~e aHa~eH~H napaMeTpoa: 

a/ 

6/ 

Pb ' npoTOH~' e = 90° ' 
T01 57+1,3,C 1=110+9 
T

02 
= 76~0,8,C2 =33~2 

Ta, npOTOH~, e = 90°, 
T01 = 70~1,4,C 1 =108~5 
T 02 = 93~1,3,C 2 =43+3 

·: + • 0 

P+Pb- t 
e •90' 

+ P,•4,5 roM; 
• p,· 8.9 r•IV.c 

0 ° Po•400f•81c, To 

+ • 

100 200 300 

T (M3B) 

P0 = 8,9 r3B/c, 
AnH Pc :;; 800 M3B/c, 
AnH Pc ~ 800 M3B/c, 

P0 = 400 
PC $ 800 
PC ~ 800 

r3B/c
151 

M3B/c, 
M38/c. 

-· 10 

P + Pb- t 
•P,=S~r.B,t 9=168" 

• P, =400r.E'>fc,Ta ,9=1W 

0 100 200 300 
T(M3B) 

PHe.S.HnaapHaHTHoe ee~enne na 
HyKnOH B ~YHK~llll KllHeTll~eeKOH 
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PRe. 6. HHaapllaHTHoe ce~eHHe Ha 
HyKnOH B ~yHK~llll KllHeTH~eeKOH 
3Heprllll. TpllTllll' e = !68°. 

AHanor~~HaH c~Tya4~H ~MeeT MecTo ~ AnH APYr~x ~acT~4 ~ APYr~x 
yrnOB Ha6n~AeH~H. napaMeTp TO AnH KOHKpeTHO~ ~aCT~4~ Mana MeHH
eTCH OT HAPa K HAPY, no Kpa~He~ Mepe, B ~HTepaane OT Pb AO C 
/nOA06~e cneKTPOB/. 0THOC~TenbHO yrnoBO~ 3aB~C~MOCT~ napaMeTpa 
T

0 
MO~Ho, a nepeoM np~6n~~eH~~. CAenaTb aaKn~~eH~e o ero n~He~-

HO~ aae~c~MOCT~ oT cosO • H~~e 6yAeT noKaaaHo, ~To 3T~ aaKoHo-
MePHOCT~ HaXOAHT npOCTOe 06bHCHeH~e B on~caHHOM paHee / 2

/ noA
XOAe, rAe ~HKn~3~BHOe ce~eH~e pO~AeH~H ~aCT~U nponOP4~0HanbHO 
KBapK-napTOHHO~ CTPYKTYPHO~ $yHK4~~ HApa

1121
• 

np~BeAeHH~e Ha TeX ~e p~CyHKaX AaHH~e no dPb-eaa~MOAe~CTB~~ 
nony~eH~ a npeAnono~eH~~ o Heaae~c~MOM eaa~MOAe~cTB~~ Ka~Aoro 
~3 HyKnOHOB B Ae~TpOHe C ~MnynbCOM 4,45 r3B/c Ha HyKnOH ~ paBH~: 

l_E d~ (NA)=_!_.:_E d~ (dA). 
A dp 2 A dp 

5 



Ta6m11~a 1 /npo,qon>t<eHI1e/. Pb 
Ta6mn~a 1. Pb 

Sc Pc p d t 

Be Po p d 
I68 300 32 ± 4 

350 IB ± I 
90 400 29 ± 3 IO,B%0,9 

400 II± 0,5 5,3 ± 0,3 
500 !3 ± 0,6 6,5 ± 0,4 3,3 j:(),I 

450 6,3 ± 0,2 4,6 ± O,I9 
600 4,9j:(),2 3,2 ± 0,!2 I,78j:(),08 

500 3,6 ± O,I 2,9 j:(),I 
650 3 .± O,I 2,27j:(),09 I,2Ij:(),06 

600 (9,6j:(),3)IO-I (9,7j:(),4)IO-I (5,8,±0,3)!0-I 
700 I,98jp,08 I,63j:(),05 {8,5j:(),3)IO-I 

700 (2,0j:(),07)IO-I (2,79j:(),09)IO-I (I, 9j:(),3)IO-I 
750 I,I8j:(),06 I,04j:(),04 {5,93±0,2 )Io-1 

BOO (3,8j:(),I)I0-2 (7,7,±0,2)!0-2 < 5, 5.±0 ,3) Io-2 

BOO {6,3j:(),5)IO-I {6,3j:(),5)IO-I {3,8j:(),I5)IO-I 
900 < IO±O ,4 > ro-3 (2,IIj:(),07)I0-2 (I,75,±0,08)I0-2 

900 {2,87jp,09)IO-I (3,0j:(),09)IO-I {I,66j:(),07)IO-I 
IOOO (2,3j:(),I)I0-3 (7,8,±0,3)!0-3 (5,6,±0,3)I0-3 

IOOO (I,20,±0,07)IO-I {I,4±Q,II)IO-I {7,9,±0,3)!0-I 
I400 (2 ± 0,4)!0-6 (I, ?;ill, 12)10-5 (2,2±0,I7)I0-5 

I200 (I,6I,i0,08)I0-2 {2,25,±0,I2)I0-2 (l,6±<J,07)I0-2 
25 ± 2,9 {2,0j:(),I4)I0-3 (3,3j:(),26)I0-3 {3,2j:(),3)I0-3 ISO 300 1400 
II ± 1,3 400 

I20 500 6,65,±0,02 4,5j:(),2 2,4.;t0,25 500 4,3 ± 0,2 3,1±0,1 
2,02jp,08 !,67.±0,07 I.I3_:t0.05 . - _r . - -·---T ·--- -·---T 600 

bW ( ~ jlJ,b)lU - (6,'!±1,1)1U - \::J 1 0,iU,.JJ1U .. 
700 (6,Ij:(),2)IO-I (6,2,±0,3)IO-I < 4, 2.±0 ,2)Io-1 

700 (2,1+0,2)10-I (2 ,5;t0 ,14)10-I (I,9,±0,I7)IO-I 
800 cr ,64.±0 ,oa)Io-I (2,09j:(),OB)IO-I (I,35.;t0,08)IO-I 800 (5,I+0,35)10-2 (I ,OI.;t0,06)IO-I (6,9,±0,6)10-2 

900 (4,3j:(),I)I0-2 {8 ± 0,3)10-2 (4,5.;tO,I)Io-2 
900 (9,8+0,6)10-3 (2,5.±0 ,rno-2 (I,6,iO,I2)I0-2 

I 54 500 4,4.;t0,2 3,l,;t0,2 I,4,±0,IB 1000 (I,6.;tO,I2)10-3 (7 ,5,±0,45)10-3 (5, 7,±0,6)!0-3 

600 I,I7,±0,05 I,IO.;t0,07 (7,9,±0,7)IO-I I200 (3,6,±0,6)10-5 (4 ,5,!0,32)10-4 (3,9.;t0,4)I0-4 

700 (2,5+D,I)IO-I (3,3,±0,2)IO-I (2,2±0,2)!0-I 1400 (7 + 6,8)10-7 (1,3+0,4)10-5 ) -5 (2 ± 0,5 IO 

BOO (3,9,±0,2)10-2 (6,3,i0,3)I0-2 (4,3±<J,3)Io-2 

900 (I,3.;t0,04)I0-2 {3,03.;t0,09)I0-2 (2 ± O,I)Io-2 

I62 500 4 ,3;t0 ,2 2,9.;t0,2 I,8;t(J,25 

600 I,2I;t0,05 (9,7;t0,5)IO-I {6,2.;t0,5)IO-I 

700 (2,3,±0,I)IO-I (2 ,6t0 ,I6)IO-I (I ,8..;t0, I)Io-I 

800 (4 ,6,±0,2)Io-2 (7,2..;t0,3)I0-2 < 6, O±O ,4 no-2 

900 (I,09;t0,035)I0-2 (2,75,i0,08)I0-2 (I,85,±0,07)10-2 

7 
6 



Ta6m11..1a 2. Af 
Ta6nHI..Ia 2 /npoAonmeHHe~ Af 

Be Pc p d t 
600 (5,(t0,19)10-1 (2 ,43,z0,09}IO-I (7,3j:0,3)10-2 

700 (l,22jp,04)I0-1 (7,7jp,3)I0-2 (2,5;t(l,2)10-2 

900 (4,4±(),17)10-3 -3 (I,9jp,l)I0-3 
90 500 7,7jfJ,3 I, 9.;t0 ,IS C4 ,J±I ,I>ro-I 

(6,Ijp,2)IO 

(I jp,16)10-6 (2,·7~~24)10-6 
:) . / -6 

600 3,I5j;(),II (9,7jfJ,5)IO-I (2,Ij;(),2)10-I 
1400 (I,5jP,25)IO 

700 I,I3j:0,05 (5 .± 0,2)Io-I (I,I8jfJ,07)10-1 1EKl 300 !4 .± 3 

800 (3,6,;t0,15)10-1 (2,2jfJ,09)10-1 (5,2jfJ,2)Io-2 500 2,3 j; 0,15 (8jp,6)10-I (I,5jfJ,05)IO-I 

900 CI, 53.;tO ,o5) 10-I (9,8j;(),4)10-2 (2,2,;t0,2)10-2 600 (5,2j;0,3 )10-1 (2 ,6jfJ ,s > m-I (6,IjfJ,6)10-2 

1000 (6 jfJ,27)10-2 (3 ,8jfJ ,12)10-2 (I,13j;0,05)I0-2 700 (I,I6jfJ,2)10-I (7 jp,65)10-2 (2 .± 0,35)10-2 

1200 (7 ,2j;() ,23)10-3 (6,3,;t0,25)I0-3 C2,4;tO,I)1o-3 800 (2,5jP,I5)10-2 (2,9jp,J:5)I0-2 (7 ±1,4)Io-3 

1400 (8 .± 1)Io-4 (7,7,±1)10-4 C4 ,3,t0,4no-4 900 (4,3±{),23)10-3 (6,8jp,4)10-3 (1,8,±0,4)10-3 

!20 500 3,6 .t O,I4 (9,4jfJ,5)10-1 (2,2,t0,6)IO-I 
1000 ( 5, 5;t2, 1)10-4 (I. 7jp,25)I0-4 

600 I,07,t0,06 (4,5,t0,2)10-1 (1,37,t0,09)10-1 

700 (2, 7,t0,1)IO-I (I,5jfJ,1)IO-I C5,2,tO,G)Io-2 

800 (6,8,t0,4)10-2 C5,6jfJ,2)ro-2 (1,7,;tO,I)10-2 

900 (I,9j;(),09)I0-2 (I,87,t0,07)10-2 (5,7j;(),5)10-3 

!54 500 2,2 .± 0,1 (7,IjfJ,7)10-I (1,4,t0,4)10-I 

600 (6 ± 0,3)10-I (2,4jfJ,2)10-I (9,7,±1,6)!0-2 

700 (I ,26,±0 ,07)!0-1 (6,4jfJ,6)I0-2 (2,7,t0,5)10-2 Ta6nH1..1a 3. Cu 

900 (6,3j;0,2)I0-3 (7 .7.i0,3)Io-3 (2 ,t0,25)I0-3 

I62 500 2,08,±0,08 (7,4,±0,6)10-1 (I, 9j;(), 7)10-I 
Gc Pc p d t 

600 (6,2,±0,3)10-I (2 ,2,±0 ,16)Io-I (8 :t1,4)I0-2 180 300 !9 .± 4 

700 (I ,33,±0 ,05)10-I (7,I,i0,4)I0-2 (2, 7,t0,3)I0-2 400 7,7 .± 1,3 

900 (5 ,10,2)I0-3 (7,4;tU,3)I0-3 (2,3j;0,25)10-3 500 3,5 .± 0,3 I,6 j; 0,!6 

168 300 I4 .± 2 
600 (7,3j;0,6)IO-I (4,7,±0,5)!0-I 

350 9 .± 0,6 
700 (I,9jfJ,I6)10-1 (I,8,10,I2)IO-I (6,8,±0, 7)!0-2 

400 5,7 .± 0,3 
800 (4 jfJ,3)I0-2 (5,3jfJ,3)I0-2 (2,IjfJ,I8)I0-2 

450 3,4 .± O,I5 I,I9 .t 0,06 
900 (7 ,IjfJ,6)I0-3 (I, 7,±0 ,l)I0-2 (7,4,±0,6)!0-3 

500 2,04,i0,08 (7,6,10,3)IO-I 
1000 <I , 2.±0 , I2 no-3 (4 ,4,±0 ,!7) 10-3 (I, 9,±0, 2)10-3 

I200 (3,5,±0,4)Io-5 (2,8,10,I9)10-4 (I , 6,10, IS )I0-4 

8 9 



Ta61w14a 4. C Ta6n~4a 6./dPb-asa~MoAeHCTB~e/ 

Elc: Pc p d t Pc p d t 

ISO 500 I,I .± O,I (2,2,t0,2)IO-I 

600 (3,3j;0,3)!0-I (I,2;t0,27)IO-I 90 500 22 .± I 8,8 .± 0,4 

700 (6,8j;0,6)I0-2 (2,7,t0,2)I0-2 (5,7,t0,9)I0-3 600 8,8 .± 0,5 4,9 .± 0,25 

800 (I ,3,t0,4)I0-2 (7,I,±I,7)I0-3 700 3,I .± 0,2 2,2 .± O,I (9,I,t0,3)IO-I 

900 <I • 8.tO • I5 > Io-3. (I, 9;t0 ,II)I0-3 (5,2,±I)I0-4 BOO I,I .± 0,05 (8,6,±0,35)IO-I (4,4+0,5)10-I 

!000 (2 ,:t0,9)Io-4 (6,8,±I,9)10-4 900 (4,5,t0,2)IO-I (3,6+0,2)10-I (I,9;tCJ,I)IO-I 

IIOO (6,8,t0,4)I0-2 cs 9+0 3)Io-2 (3,6.±Q,2)I0-2 ' - ' 
(8,2;t0,5)I0-3 

.-, 
(4,8,:t0,3)I0-3 1300 (I:!: O,II)IO-"' 

1aJ 500 9,5 .± 0,4 4,8 .± 0,25 

Ta6n~4a 5. 6Li 600 3,2 .± O,I8 2,2 ± O,I 

9c Pc 
700 (9,I;t0,3)IO-I (9 ;tCJ,4)IO-I 

p d t (2,4.:t0 ,I) ro-1 (2,9,tO,I5)IO-I 
(7,2j;0,5)I0-1 

800 
90 500 3,9 .± 0,3 (I,I,t0,35)IO-I 

600 I,35±Q,06 (2 ,6,tO ,08)10-I < 6. 5.t0 ,8)Io-2 
'• ,. ,.., n ,,.......,-T , .................... ,"P' .... -2 , ........ - __ , ___ ?. I68 500 5,3 .± 0,3 2,8 .± O,I5 

(\.N \'t 1 0j:V 1 "- }J.U \OJ,OJj:V,vi.I/J.U \G •"'iU• J.:1}.LU 
600 I,44 .± 0,06 I .± 0,05 

104 700 (I ,4;t0 ,06)10-·I (3,3;t0,5)I0-2 
700 (2,46jp,07)IO-I (2,6,t0,12)IO-I 

IaJ 500 I,I6,t0,05 (2,2,tO,I9)IO-I (5,9,i2)ro-2 800 (4,6,t0,2)I0-2 (5,I,t0,25)I0-2 

600 (3 ,I ,tO, 12)!0-I (5_,t0,3)I0-2 (I,7,t0,3)I0-2 900 (1,3j;O,I5)10-2 (I,9;tCJ,2)I0-2 

700 (6,9,±0,26)10-2 (I ,I,±O ,I3)Io-2 (4,3j:I,7)I0-3 

138 700 (2,8-t0,15)I0-2 (4,8±I,I)I0-3 

154 

700 (2, 5;tO. I5) ro-2 (3,3± I no-3 

162 

700 (2,2,±0,09)!0-2 (5,4,±1,6)10-3 

180 

700 (I,~,i0.2I)I0-2 (4 ,3,±2,2)10-3 
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Ta6n1-1~a 7. PC = 500 Pb Ta6n1-1~a 8. Pc = 900 Pb 

p d 6c p d t 

) 90 (2,87,t0,07)IO-I (3 ,tO,I)IO-I (I,66;t0,07)IO-I 
90 !3 ± 0,6 6,5 ± 0,4 J 96 (!,8,t0,03)IO-I (2,4,t0,09)IO-I (I ,25.tO ,04) ro-I 

!20 6,6 ± 0,2 4,5 ± 0,2 
!04 (I ,06,t0,03)IO-I (I,59;t0,05)IO-I <a. 5.t0. zn ro-2 

!45 4,8 ± 0,2 3,7 ± 0,!8 
IIO (7,44,t0,27)I0-2 (I,I5,t0,04)IO-I (7 ,:10,46)!0-2 

!50 4,6 ± 0,2 3,4 ± 0,!5 
II2 (6,6,t0,25)I0-2 (I,I,t0,03)IO-I (6,5,t0,26)Io-2 

!54 4,4 ± 0,2 3,! ± 0,2 
II3 (5,6,t0,2)I0-2 (9, 7,t0,3)I0-2 (5,5:tQ,I6)I0-2 

3,If>± 0,!4 
(5 ,t0,2)I0-2 (9,I,t0,3)I0-2 -2 !55 4,3 ± 0,2 

II? (5,6,t0,3)IO 
!60 4,I ± 0,!8 3,2 ± 0,!6 

I20 (4,3,tO,I5)I0-2 (8 ,t0,5)I0-2 c 4. 5.t0. 14 > ro-2 
I62 4,3 ± 0,2 2,9 ± 0,2 

I23 (3 ,6.tO ,I)Io-2 (6, 9,t0,3)I0-2 (4,1,t0,2)I0-2 
I65 3,7 ± 0,!6 2,9 ± 0,14 

!3) (2,4,t0,07)IO-~ (4,9j;O,I3)I0-2 (3,2,tO,I4)I0-2 
I68 3,6 ± O,I 2,9 ± O,I 

I38 (I ,9,t0 ,06)!0-2 c 3, 9±0. 12 )Io-2 (2,5,t0,13)1o-2 
I70 3,6 ± 0,!6 2,8 ± 0,12 

I45 (I ,56,t0,07)I0-2 (3,3,tO,I6)I0-2 (2 ,tO,I6)10-2 
!72 3,7 ± 0,16 2,9 ± 0,!3 

I 54 (I ,3,t0,04)I0-2 (3 .tO ,09)!0-2 (2 JP,I)Io-2 
I73 3,6 ± 0,16 2, 7 ± 0,!2 

I62 (I,09±0,035)I0-2 (2,75±0,07)Io-2 (I,85;t0,07)I0-2 
J.('t .j,b ± U,lb 2,6 ± 0,!3 

I65 (9,5,±0,4)!0-3 (2,49.tCJ,0'7)ro-2 cr. 79.t0 ,08) ro-2 
I75 3,8 ± 0,!7 2,9 ± 0,14 

I?O (8,4,±0,4)!0-3 (2,2I,t0,07)I0-2 (!,59,10,07)!0-2 I76 4 ± 0,!8 2,8 ± 0,!4 
I72 (6 ,a,tO ,a)Io-3 (2,42,t0,09)I0-2 (I ,8,tO,I)I0-2 

I77 4,! ± 0,19 2,9 ± 0,!4 
I75 (9,4,t0,7)I0-3 (2,6,tO,I)Io-2 (I,8,tO,I4)10-2 

I78 4,3 ± 0,19 3,0 ± O,I4 
ISO (9 ,8.tO ,3)Io-3 (2. 54 .;tO ,oa)Io-2 (I,64,t0,07)I0-2 . I79 4,4 ± 0,2 2,9 ± 0,14 

ISO 4,3 ± 0,2 3,! ± 0,1 I 
J 
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Ta6Ili-1L\a 9. P c = 900 Af 

I 
Ta6I1HL\a 11. Pc = 700 /dPb -a3aHMO/WHCTBHe/ 

9c p d t 9c p d t • w-

90 (1,53±P,045)10-1 (9,6;±0,4)10-2 (2,2.±0 ,2) ro-2 

96 (1,0I,t0,04)IO-I (7,I,t0,4)I0-2 (I,7,t0,06)I0-2 I 90 3,07 ± 0,09 2,I6 + 0,07 9,I ± 0,27 

104 (5,2,t0,2)I0-2 (4,3;tO,I5)I0-2 (I,I5,t0,09)I0-2 I 92 2,8 ± 0,08 2,03 ± 0,0? 8,77 ± 0,3 

IIO (3,3,tO,I)I0-2 (2,8,tO,I4)I0-2 (7,3;t0,9)I0-3 94 2.44 ± 0,07 1,86 ± 0,06 8,08 ± 0,25 

II2 (2,87,10,09)10-2 (2,?,tO,I2)I0-2 (7,6;±0,9)!0-3 96 2,4! ± 0,07 I,84 ± 0,05 8 ± 0,25 

II3 (2,5,10,06)10-2 (2,36,10,07)10-2 (6,8,t0,4)I0-3 98 2,!4 ± 0,06 !,66 ± 0,05 7,59 ± 0,23 

II? (2,I,t0,07)10-2 (2 ,t0,09)I0-2 (6,3±(),7)10-3 IOO !,9! ± 0,06 I,55 ± 0,05 6,89 ± 0,22 

120 (I,9.;t0,06)I0-2 (I,9,t0,07)10-2 (5,7,t0,5)10-3 102 1,76 ± 0,05 I,48 ± 0,045 6,5 ± 0,2 

123 (I,6I,t0,05)I0-2 (I,59,t0,07)I0-2 (4 ,I.±O, 5) I0-3 
!04 1,67 ± 0,06 I,40 ± 0,05 6,4 ± 0,2 

130 (I ,04,t0,04)I0-2 (I,I3j;0,05)I0-2 (3,5j;0,4)I0-3 
!06 !,59± 0,05 I,45 ± 0,05 6,7 ± 0,2I 

!38 (8 ,t0,3)10-3 (I,OI,t0,05)I0-2 (2,5,10,3)10-3 
I08 !,5 ± 0,05 !,38 ± 0,045 6,8 ± 0,2 

!45 (6,I,t0,3)10-3 (7 ,8.±0, 5) ro-3 (2,6.±0,4)!0-3 
IIO I,44 ± 0,05 !,33 ± 0,04 6,6 ± 0,2 

I 54 (6,3,10,2)10-3 (7. 7,t0,3)I0-3 (2 .tO ,25) 10-3 
II2 !,31 ± 0,04 1,27 ± 0,04 6,3 ± 0,2 

162 (5 ;<J.I8)1o-3 (7 ,4,t0,3)I0-3 ( 2. 3,10,25) I0-3 
II4 1,24 ± 0,04 1,18 ± 0,04 6,! ± 0,2 

, ... - "" "'-r"-3 '"' n n ,.,\Tn-3 It'\ A .n nc-\TI"\-3 
II6 !,14 .:t 0,035 1,!! ± 0,04 5,5 ± 0,17 

.A.Ov \'* t f;r.J oC./LU \VtVJ;UttJJ.A.U \41t"'SJ:Ut"'VJ.&.\I 

I70 (3,6,t0,4)I0-3 (6,4,t0,6)I0-3 (2,2,t0,4)I0-3 
II8 (9,9,10,35)10-1 (9,8.±0,32)10-1 5,! ± 0,16 

!80 (4 ,4-+0 ,26) ro-3 (6,8+0,4)10-3 (I,8,t0,4)10-3 
120 (9,1,10,3) (9 ± 0,3) 4,65;t O,I5 

122 (8,1,10,25) (8,4t0,26) 4,3 ± O,I4 

124 (7,6,10,24) (7' 7,t0,25) 4,1 ± 0,13 
126 (7,73Jj,24) (8 ± 0,24) 4,2 ± 0,13 

128 {6,5 ± 0,2) {? ,t0,22) 3,7 ± 0,12 

Ta6I1HL\a 10. Cu PC= 900 I 130 (6,3,t0,2) (6, 7,t0,2) 3,7 ± 0,12 
132 (5,2,t0,17) (5,8,t0,18) 3,4 ± 0,12 

9c p d t 
1 

(2 ,25,t0,08)I0-1 (1,8,t0,06)IO-I (5,4,t0,38)I0-2 
134 {4 ,6;t0 ,15) ( 5 ,6,t0 ,18) 3 ± 0,1 

90 136 (5 ± 0,16) 

II3 (4,! ± 0,2)Io-2 (5,6,10,2)10-2 (2 .;tO,I7)I0-2 
(5,5,t0,16) 3,1 ± 0,1 

138 (4,4,10,14) (4,9;t0,15) (2,8,t0,09) 

!23 (2,3 ,t0,09)I0-2 (3,2,tO,I3)10-2 (I, I.;tO, I Ho-2 
I40 (4 ,3±0 ,13) (5,1,±0,I6) (2,6;t0,08) 

170 (6 ± 0,4)10-3 < I , 3±0 , 04 > ro-2 (5,I,t0,2)10-3 I I42 (4 ;tO,I2) (4,5,tO,I4) (2,3,t0,0?) 

180 (7 ± 0,5)Io-3 (I ,4,t0,09)I0-2 (5, 7,t0,8)I0-3 

I 
14 
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Ta6m14a 11. Pc = 700 /npOAOI11KeHI1e/ Ta611114a 13. PC= 500, (} = 1800 

Sc p d t 
(3, 7,±0 ,II)lo-I (4 ,I,±O, I2)Io-I 

A p d 
144 (2,2,±0,07)10-I 

!46 (3,7,±0,12) (4 ,±0,12) (2,2,±0,07) 

!48 (3,7,±0,!2) (4,I±O,I2) (2,3,±0,08) 
6Li 2,67± 0,06 0,219 :!: 0.055 

!50 (3,6,±0,!2) (4 ,I ±0,12) (2,2,±0,07) 
711 3,32 • 0,07 0,384 ± 0,064 

152 (3,3,±0,II) (3,7,±0,12) (2, I,±O ,07) 
Be 6 ± 0,!2 0,99 ± O,II 

!56 (3,3±CJ,II) (3,7±0,!2) (2,I,±0,07) 
c I2,8 ± 0,27 2,7± O,IS 

158 (3,2,±0,II) (3,6,±0,I2) (2,I,±0,07) 
Al 64 ± 2 24 ± I,6 

160 (2,6,±0,09) (3 ±CJ,II) (1,8,±0,06) 
Si 6I ± I,3 I8 ± 0,9 

!62 (3 ±CJ,09) (3,,±0,1) (1,8,±0,06) 
54pe I88 ± 4,7 80 ± 4,2 

!64 (3,1,±0,09) (3,!5±CJ,09) (I ,85,±0 ,06) 
56Pe I78 ± 4,2 79 ± 2,9 

!66 (2,6±0,08) (2,9±0,09) (I ,6,±0,06) 
5Bpe I78 ± 4,2 90 ± 3,3 

!68 (2,5,±0,08) (2,6,±0,09) (I,5±Q,06) 
5~1 203 ± 5,4 96 ± 3,8 

!70 (2,4,±0,08) (2,5,±0,08) (1,4,±0,05) 
61N1 206 ± 5,1 I03 ± 4,I 

172 (2,7±0,08) (2,4,±0,08) (1,28±0,05) 
64Ni 209 ± 5,2 IOI ± 3,9 

174 (2,3±0,0!3) (2,3±0,07) (I,26±CJ,05) 
Cu 220 ± 5,6 !04 ± 4,3 

T?f, (?.G::;J.U~) !':' r;.._n n"' fT ?.n nA' 64zn 229 ± 5,9 !07 ± 5,4 . ·-' -...:..-,-., ,_,_.J..""''""' .. , 

177 (2,2,±0,07) (2,3±0,07) (I ,2±Q,04) 
1125n 456 ± !4 275 ± 9 

I7U (2,!,±0,06) (2 ±CJ,07) (I,I±Q,04) 
118sn 463 ± IO 295 ± IO 

!80 (2,2±0,07) (2,2.±lJ,07) (I. 13±0 ,04) 
124sn 429 ± 9 301 ± 9 
144sm 634 ± 2! 398 ± !6 

Ta611114a 1 2. PC =800, (} = 180° 154sm 6!0 ± !7 362 .± !4 
A p d t 1a2w 794 .±IS 531 .± !3 

c 0,!6 ± 0,048 0,08 ± 0,02 186w 784 ±IS 566 .± !5 

Al 0,64 ± 0,04 0,78 ± 0,0!8 0,2 ± 0,047 Pb 9!5 .± 24 639 .± I6 
Cu 2,5 ± 0,04 3,28 ± 0,07 1,28 ± 0,06 u 986 ± 49 822 ± 40 

144Sm 8,3 ± 0,36 12,7 ± 0,5 7,2 ± 0,8 
154sm 7,9 ± 0,38 !4,3 ± 0,6 8,8 ± 0,97 
182w 10,8 ± 0,47 20 ± 0,8 I3 ± I,4 
186w 9,8 ± 0,4 I7,6 ± 0,8 I2 ± I,2 

Pb II,2 ± 0,17 20 ± I I3 ± 0,6 

u II,9 ± 0,7 22 ± 1,3 16 ± 2 
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B .. YrDosa~ 3aB~e~MoeTb 

AaHH~e ~3MepeH~A yrDosoA 3as~e~MoeT~ eoAep~aTe~ B ra6D. 5, 
7-10 I pA-s3a~MoAeAers~e/ ~ B ra6D. 11 I dPb -s3a~MoAeAers~e/. 
YrDosa~ 3aB~e~MoeTb AD~ ~AeP Af ~ Pb np~ ~MnyDbee 900 M3B/e 
noKa3~BaeT /eM. ra6D. 8,9/, 4TO B ~HrepsaDe yrDoB Ha6D~AeH~~ 
90°-180° ~HBap~aHTH~e ee4eH~~ pO~AeH~~ KYMYD~T~BH~X 4aeT~4 
I p , d , t I He on~ebiBa~re~ D~HeAHoA 3aB~e~MoeTb~ or cosO • KaK 
fiyAeT noKa3aHO H~~e, 3TOT $aKT OTpa~aeT BD~~H~e 3aB~e~MOeT~ 
~HKD~3~BH~X ee4eH~A He TODbKO OT KYMYD~T~BHOrO 4~eDa, HO ~ OT 
nonepe4HOA eoeTaBD~~~eA ~MnYDbea ~HKD~3~BHOA 4aeT~4~· 

B ~HTepsaDe yrDOB 0 = 150°~180° ee4eH~e ~MeeT HeperyD~PH~A 
xapaKTep. B pa6ore 191 eAeDaHa nonbiTKa o6b~eH~Tb 3TOT 3$$eKT 
AD~ $parMeHTa4~~ T~~enoro ~Apa. 0AHaKo ~3 np~BeAeHH~x AaHH~x 
B~AHO, 4TO aHoMaD~~ B yrDosoA 3aB~e~MoeT~ AD~ npoToHoB ~ AeArpo
HOB HafiD~AaeTe~ ~AD~ $parMeHTa4~~ ~APa 6Li /Tafin.5/. 

noAP06Ha~ yrDOBa~ 3aB~e~MOeTb AD~ npOTOHOB ~ AeATPOHOB e ~M
nyDbeOM 500 M3B/e s6D~3~ 0 = 180 ° (Pb) raK~e HeperyD~pHa ~ ~MeeT 
reHAeH4~~ K so3paeraH~~ no Mepe ysen~4eH~~ yrna. Ha~6onee OT4er
n~so 3TO Ha6D~AaeTC~ An~ npoTOHOB. noseAeH~e yrDOBOA 3aB~C~MOCT~ 
ee4eH~A B dPb-B3a~MOAeAeTB~~ TaK~e HOe~T HeperyD~pH~A xapaKTep. 

C. A-3aB~e~MoeTb 

3aB~C~MOCTb ~HKn~3~BHOrO nonepe4HOrO ee4eH~~ KyMyn~T~BHbiX 
4aCT~4 OT aTOMHOrO seca ~Apa-M~WeH~ ~BD~eTC~ OAH~M ~3 Ha~fioDee 
~pK~X eB~AeTenbCTB noKaDbHOA np~pOAbl KyMyn~T~BHOrO npo4eeca. 
~nepswe yc~neHHa~ A-3aB~c~MOCTb o~na oOHapy*eHa s ~ccneAosa

saH~Ax no KYMYD~T~BHOMY Me30H006pa30BaH~~ Ha ~A pax I 
101

, rAe 
6wDo ycraHosneHo, 4TO 

E_<!g_- An (n ~ 1), 
dp 

B OTn~4~e OT TPaA~4~0HHOA 3aB~C~MOeT~ T~na A
213

• xapaKTep~-
3Y~~eA npo4eee~ B3a~MoAeAcTB~~ aAPOHOB c AAPaM~. AanbHeAw~e 
~ecneAOBaH~~ 13 • 11 1 no Hafin~AeH~~ BTOP~4HbiX npoTOHOB, AeATpOHOB 
~ rp~T~~ Bbi~B~n~ ycV~DeHHY~ A-3aBV1C~MOCTb, rAe noKa3aTeDb creneH~ 
n ey~eerseHHo npes~e~D eA~H~4Y· HanoMH~M, 4TO s 3T~X pa6orax 
noKa3aTeDb creneH~ n HaxoA~Dc~ no 6onbWOMY 4~eny ~Aep-M~WeHeA 
/eM. ra6D. 12, 13 AaHHO~ pa6orw/, BKn~Ya~ M~weH~ ~3 pa3AeneHH~x 

~3oronos, ~ 6wDo ycraHOBDeHo, 4TO ndpaMeTp~3a4~A r~na 

E~- zn, rAe z- 3aP~A ~APa, HOC~T 6onee peryD~PHW~ xapaKTep. 
dp 

B 3TOM cDyYae noK~3aTeDb creneH~ n HeCKODbKO 6onbwe, YeM B napa
Merp~3a4~~ T~na A . B ~ecneAoBaH~~x KYMYD~T~BHoro PO*AeH~A npo
TOHOB Ha ~30TOnax AAeP fiwDO ycTaHOBneHO, 4TO ~HKn~3~BHOe Ce4e
H~e PO*AeH~~ npoTOHOB He 3aB~CV1T OT HeATpOHHOrO ~36~TKa $parMeH
T~py~~ero ~Apa-nporoHa. 3ror $aKT npo~Dn~crp~posaH p~c. 7. 

18 

800 w _., ') Ed MOT>B·c·qi P•A-P.d,• ... 

700 

600 0 p . d 

500 

400 

300 

200 ~ o---o--1 

100._.... ~ 

~ 

----
w~k 

........_______ 

~ 

A 

----.. 

,_A 

PHc. 7. HHBapHaHTHoe ceqeHHe 
AnH npoTOHOB H AeHTPOHOB C HM
nynbCOM 500 M3Bic B ~YHK~HH HeHT
poHHoro H36bJTKa B HApax. CHMBORbl 
I ~ H • I oTHoCHTcH K HAPY 64zn • 

np~H~Ma~ BO BH~MaH~e OfibeMH~H XapaKTep A-3aB~e~MOeT~, 

MO*HO, XOT~ ~ B AOBOnbHO rpyfiOM npeAnOno~eH~~, on~eaTb pe3ynb
TaT~ no A-3aB~e~MOeT~, npeAeTaBneHH~e B Tafin. 12 ~ 13, nonb3y~eb 
annpoKe~Ma4~eH B~Aa 

E~- (r • A 113 3 dp 0 - p) ' 

1/3 
rAe ro ··A - paA~ye ~APa. TorAa aen~4~Ha p Mo~eT 6~Tb ca~-

3aHa c paaMepaM~ o6nacT~ 3M~cc~~ KyMyn~T~BH~x 4aeT~4. BBoA~ 
naOaMeTO e=(o/r_) _ Mnw'"'n U:31~TIA ,,.,.._ -~,, ..... ,,,,...., ... .- --··-·····"' ··-. v · - ·- -· · · · ·, · · .... .._ • • • ..., ... ._, , .. ,.....,. "-'~"'11;..nll'ltrl na 

HyKnOH paBHO: 

E~(A).A dp Pb 

A·E~(A ) = dp Pb 

1-0 A 113 

[ 1-UA113 
Pb 

Ha 3Kcnep~MeHTanbH~X AaHH~x MO~Ho onpeAen~Tb 3Ha4eH~e ( An~ 
3M~cc~~ pa3n~4H~x 4aCT~4· Ha p~e. 8 npeACTaaneHa TaKa~ annpoKc~
Ma4~~. Ha6n~AaeTeR Koppen~4~~ aen~4~H napaMeTpa ( e MaeeoH 
KyMyn~T~BHot:1 4aeT~4~. 3Ha4eH~e napaMeTpa ( An~ rr -Me30HOB paBHo 
0,370,4. Ac~MnToT~4ecK~t:1 pe~~M A-3aB~C~MOCT~ An~ rr-Me3oHOB 
In - 1 I HaCTynaeT y~e np~ A= 20 730, a To apeM~ KaK An~ npoTOHOB 
B~XOA Ha aC~MnTOT~KY Ha4~HaeTC~ C A ~ 100.3TO pa3n~4~e B noae
AeH~~ 4aCT~4 xopowo on~ebiBaeTe~ BBeAeHH~M reoMeTp~4eCK~M $aKTo
poM, XapaKTep~3yeM~M OAH~M napaMeTpOM 11 HenoKanbHOeT~ 11 

( • 

noKa3aTenb CTeneH~ n B A-aaa~c~MOCT~ paaeH 

151 
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PHc. 8. A -gaBHCHMOCTb HHBapHaHTHbiX ce"l!eHHH npoToHOB, 
p;eii:TpoHoB H TpHTIUl I Ta5JI, 12, 13/, OTHeceHHhiX K aToM
HOMY BeCy COOTBeTCTByw~ero $parMeHTHpyw~ero Hp;pa H p;e-
JleHHbiX Ha TaKyw JKe BeJIH"l!HHY p;nH H,o;pa Pb • IloHCHeHHH 

p;aHbl B TeKCTe, 

2.5 

1,5 

•P 
od 
• t PHc. 9. A-gaBHCHMOCTb HHBapHaHT

HbiX Ce"l!eHHH B ¢yHK~HH MaCmTa5HOH 
nPnAuouunU nn n,qHHhTM Trtfin .. I H 2. 
3Ha"l!eHHH n H n onpep;eneHhi 
B TeKCTe, 

rl 1.0 • • ,. .-.a..l!l:r <-• ., • ,.,. 
~-·'lP 

rAe e Ka4eCTBe RAeP A1 1o1 A 2 
MOJKHO B3RTb Pb 1o1 Af cooT
eeTCTBeHHO. Hcnonb3YR HaHAeH
H~e HaMio1 3Ha4eHio1R f /plo1c.8/, 

0 

0,5 

X- B 

c y4eTOM nonpaBKio1 Ha 
RAep: 

onpeAenYIM noKa3aTenb cTeneHYI 
B A-3aBio1Cio1MOCTio1 e~paJKeHio1eM 

11 HenoKanbHOCTb 11 lo1 KOHe4H~H pa3Mep 

/6/ 

Ky61o14eCKio1H 4neH B /6/ AaeT OTPio14aTenbHY~ KOHCTaHTy, paBHY~ 
COOTBeTCTBeHHO 0,19, 0,67 lo1 1 AnR npOTOHOB, AeHTPOHOB lo1 Tplo1Tio1R. 

20 

Ha p1o1c. 9 noKa3aHo noBeAeHio1e eenlo141o1H n 1o1 n' B <l>YHK41o11o1 X-B, 
rAe X- MacwTa6HaR nepeMeHHaR /KyMynRTYIBHoe 41o1cno/ 121 , B - 6a
p1o10HH~H 3aPRA $parMeHTa I p, d, t /. 3Kcneplo1MeHTanhH~e T04Kio1 
Ha Dlo1C. 9 npeACTaBnR~T yrn~ Ha6n~AeHio1R 90°, 120° 154° 162° 

68
0 0 ' ' ' 1 , 180 B COOTBeTCTBY~tlllo1X lo1MnynbCHbiX lo1HTepeanax /Ta6n, 1 , 2/. 

AHAnH3 AAHHbiX 

nony4eHH~e B pa6oTe lo1HBaplo1aHTH~e eenH4HH~ ce4eHio1R aHanlo131o1py
~TCR B lo1HBaplo1aHTHbiX nepeMeHHbiX: KBaApaT nonepe4Horo YIMnynbca p

2 

lo1HKn~3HBHOR 4aCTio14~ 1o1 MacwTa6HaR nepeMeHHaR X . MacwTa6HaR ~ 
nepeMeHHaR X c y4eToM MaccoBbiX nonpaeoK B HHKn~31o1BHoR peaK41o11o1 

rAe Pr , Pn - 4-Y~MnynbCbl /Ha eAio1HH4Y aTOMHoR Maccbl RAeP I 1o1 II/ 
1o1 M 1 , M II - Maccbl HyKnoHoB. 

:3i-tQ:...j~j-jj,.j;1 u11 v•q .. n;;~cilcnDI tl L.JIC.U..YIUI..l4t::Vl 1 dGJtVl~t: / ivj N - MdL.Ld HyK

noHa/: 

lo1HKn~31o1BHaR 
ml 

4aCTio14a 

p MN 

d 2MN 

3MN 

$parMeHTOB npH KOHe4HOR 
X-B 

m2 

-MN 

-2MN 

-3MN 

3HeprHio1 

nocKOnbKy pe4b H~eT 0 Ha6n~
AeHio11o1 RAePH~x $parMeHTOB I p, 

d , t /, AnR Hyneeoro lo1Mnynbca 
KOTop~x nepeMeHHaR X= B , rAe 
B RBnReTCR 41o1cnoM 6apHoHoB 
B COCTaBe $parMeHTa, MOlKHO CKa-
3aTb, 4TO np1o1 3Tio1X ycnoBHRX 
$parMeHT CYtlleCTByeT B RAPe 
C eAio1Hio14HOR BepORTHOCTb~. no3-
TOMY AnR Onlo1CaHio1R pOJKAeHio1R 

4enecoo6pa3Ho eeecTYI nepeMeHHY~ 

HMeR B pacnopRJKeHio11o1 AaHH~e AnR pa3nH4H~x 3Ha4eHHR nonepe4H~x 
lo1MnynbCOB HCCneAyeM~X 4aiTio14, MOlKHO, KaK 3TO CAenaHO e/2/ , HaRTH 
3aBio1Cio1MOCTb Ce4eHHR OT p~ . TaKaR $YHK41o1R HaXOAHTCR lo13 OTHOWeHHR 
ce4eHYIR np1o1 $HKCio1POBaHHOM X 1o1 np1o1 pa3nlo14H~x 3Ha4eHio1RX P

2
: 

~ 

Eda(X 2) --:-:; • p 
¢ (p2) = dp ~ 

E~(X 0) dp , 
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PHc. 10 Hnn~cTpHpyeT nony4eHHoe H3 3KcnepHMeHTanbH~x AaHH~X 
noBeAeHHe ¢YHK~HH ¢(p

2
) AnH paanH4H~x HHTepeanoe X-B IKPHB~e 

.L 
npoBeAeH~ 4epea 3KcnepHMeHTanbH~e T04KH oT PYKHI. KaK BHAHO M3 
pHCYHKa, 3aBHCHMOCTb ¢ (p:) HMeeT cnOJKHbiH xapaKTep lcyll\eCTByeT 
3aBHCMMOCTb OT X , T.e. He HMeeT MeCTa ¢aKTOPH3a~HH Ce4eHHH 
e npOH3BeAeHHH ¢YHK~Hi:1 oT X H p~ 1. TaKoe JKe noeeAeHHe xapaK
TepHo H AnR APYrHx 4aCTH~ I d, t 1. 0AHaKo MOJKHO aaMeTHTb, 
4TO C pOCTOM X KPHB~e npH6nMJK~~TCH K nHOHHOH KPMBOH/2/. ¢yHK~MH 
¢(p2 ) onpeAenHeT OTMe4eHHYD B~We 3aBHCHMOCTb MHKn~3HBH~X Ce4e
HHH.LOT case , noCKOnbKy HaPHAY c 3aBHCHMOCTb~ OT X IKYMYnHTHBHo
ro 4Hcnal HMeeTCH aaeHCHMOCTb OT nonepe4Horo HMnynbca. 3To npH
BOAHT K yMeHbWeHH~ Ce4eHHH B 3aBHCHMOCTH OT case npH e = 90°. 

Ha pHC. 1 0 KPHBble 1 H 2 OTBe4a~T napaMeTpH3a~HHM ¢YHK~HH ¢(p;) 
H3 pa60T /2/ HI 13/. nonb3YHCb nocneAHeH, MOJKHO npHBeCTH AaHHble AnH 
paanH4H~X yrnoe Ha6n~AeHMH K AaHH~M yrna Ha6n~AeHMH 180° . Pe
aynbTaT Mnn~cTpMpyeTCH PHC. 11, rAe B ¢YHK~MM X-8 npeA
CTaBneH~ HHKn~3HBH~e Ce4eHMH POJKQeHMH npoTOHOB, AeHTpOHOB, 
TPMTMH l¢parMeHTMPY~ll\ee HAPO Pb , Po = 8, 9 r3Bicl M AaHHble AnH 
~ex >Ke 4aCTM~ l¢parMeHTMPY~ll\ee HAPO Ta, 3HeprHH nepBM4H~X npo
TOHOB 400 r3BI. 

-2 
10 

0 

P, = 8.9 
p 

X-B 
~ 0.4 
.. 0.6 
0 0.8 
• 1.1 

'3 

2 

PHc. II. 3aBHCHMOCTb HHBapH

aHTHb~ ce'leHHH OT MaCruTa6HOH 

nepeMeHHO!"I X-B 
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PHc. 10. 3aBHCHMOCTb ~yHK~HH 

¢ (p2 ) oT p 2 p,nH npOTOHOB, Pb • 
.L .L 

CnnoWHble nHHHH coeAHHHIOT 3Kcne-

pHMeHTanhHble TO'lKH. KpHBble I H 2 
- annooKCHMamm ch (p2

) H3 oa-

6oT 12,13/. .L 

' 10 

"'ld " ii 
"0 "0 lli 
wl'h 
~I< 

~I'>- 10 

0 0.5 

. p] 
•d 
• t 

0 p! 

~~J 

1.5 
X-B 

P, "'· oor.&-t 
9 •160" , To 

2,5 

BMAHO, 4TO B yKa3aHH~X Ha PMC. 11 HHTepeanax yrnoB H nepBM4-
H~X 3HeprHH ¢YHK~HH 

X 
1 1 d - <x> 

G( ) E a G . x =-·--. --:;::: 0 • e 
A ¢ (p2 ) dp 

.L 

rAe napaMeTp HaKnOHa <X> .:;0,14_2:0,014 H OAMHaKOB AnH npoTOHOB, 
AeHTpoHoe H TPMTHH AnH 3KcnepHMeHTanbH~x AaHH~x Hawei:i pa6oT~ 

H AaHHbiX pa6oT 14 + 61 • 

TaKHM o6paaoM peanM3YeTcH npeAenbHaH ¢parMeHTa~HH no MacwTa6-
Hoi:1 nepeMeHHoi:i X AnH MHTepeana 0 S p2 S 0,2. OTC~Aa cneAyeT,4To, 
KaK M npH pOJKAeHHM nMOHOB M KaOHOB/21 , MHBapHaHTH~e MHKn~3HBHble 
ce4eHHH o6pa30BaHHH npoTOHOB H HAep AeHTepMH H TpHTHH nponop~Ho
HanbHbl YHMBepcanbHOH ¢YHK~MM G(x) - KBapK-napToHHoi:i CTPYKTYPHOH 
¢YHK~HH HApa. 

HHTepecHO OTMeTHTb, 4TO o6CYJKAaeMaH B nHTepaType MOAenb 
CnHnaHHH/ 14/ npHMeHMTenbHO K o6pa30BaHM~ ¢parMeHTOB HAep, 
B 4aCTHOCTM, AeHTPOHOB, HMeeT npOCTOe 06bHCHeHHe B cny4ae npo
nDP4HOHanbHOCTH ce4eHMH CTPYKTYPHOH ¢YHK4HH HApa. ToT ¢aKT, 4TO 
ce4eHMe o6pa30BaHHH AeHTPOHa eCTb KBaApaT OAHOHyKnOHHOro Ce4eHHH, 
cneAyeT H3 3KcnoHeH4HanbHoi:1 aaBHCHMOCTH G(x) H aAAHTHBHOCTH 
KYMYnHTHBHoro 4HCna (Xd = Xp+XrJAHanorH4HaH CHTYa4HH MMeeT MecTo 
npH o6pa30BaHHH HAeP TPHTHH M APYrMX HAepH~X ¢parMeHTOB. 

BbiBODbl 

1 • nony4eH~ MHBapHaHTH~e HHKn~3HBH~e Ce4eHHH pOJKAeHHH npoTo
HOB, AeHTPOHOB H TPHTHH, B pA- H dA -B3aHMOAeHCTBHHX npH HM
nynbce nepBH4H~X 4aCTM~ 8,9 r3Bic. AeTanbHO MCCneAOBaH~ 3Hepre
TM4eCKMe cneKTp~ npH yrnax Ha6n~AeHMH 90~180° M A-aaBMCMMOCTb 
ce4eHMH e TOM JKe MHTepeane yrnoe. HaMepeHa nDAP06HaH yrnoeaH 
3aBMCMMOCTb Ce4eHMH AnH MMnynbCOB BTOPM4H~X 4aCTM4 500, 700, 
900 M3Bic I pA-e3aMMOAeikTBMHI M AnH MMnynbca 700 M3Bic B dA
B3aMMOAeHCTBMM. 

2. AeTanbHOe MccneAOBaHMe A-3aBMCHMOCTM, npoeeAeHHoe npM 
MMnynbce 500 M3Bic Ha 6onbWOM Ha6ope HAeP, BKn~4aH pa3AeneHH~e 
M3DTon~ Li , Fe , Ni , Zn , Sn , Sm M W , noKa3ano He3aBHcM
MOCTb Ce4eHMH OT HeHTPOHHoro M36~TKa B HApax. 

3. B yrnoe~x aaBMCHMOCTHX ce4eHMH OTMe4eHo HeperynHpHoe no
eeAeHHe B MHTepeane yrnoB -150~80° . npH HMnynbCe npOTOHOB 
500 M3Bic Ha RAPe Pb Ha6n~AaeTcH nMK B HanpaeneHMM 180°. 

4. CpaeHeHMe peaynbTaToB, nony4eHH~x npM nepBM4H~x 3HeprHHX 
8,9 M 400 r3B, noKa3~BaeT, 4TO 3MnMPM4eCKaH rMnOTe3a RAepHoro 
cKei:inMHra He peanMayeTcH. Ce4eHMH B >KeCTKoi:i 4aCTH cneKTpoe pa3-
nM4a~TCH npMMepHO Ha nOPHAOK eenM4MH~. 
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5. 3as~c~MOCTb ce4eH~~ oT KBaApaTa nonepe4Horo ~Mnynbca 
HOC~T cno~H~~ xapaKTep, AeMOHCJP~PY~ OTCYTCTB~e ~aKTOP~3a~~~ 
ce4eH~~ s ~yHK~~~ X ~ P~ • 

6. B ~HTepsane nepB~4H~X 3Hepr~~ 8-400 r3B ~MeeT MeCTO npe
AenbHa~ ~parMeHTa~~~ s Macw~a6Ho~ nepeMeHHO~ X . YH~sepcanbH~~ 
xapaKT e p 3aB~C~MOCT~ ce4eH~~ · pO~AeH~~ pa3n~4H~X 4aCT~~ KaK 
~YHK~~~ yrna Ha6n~AeH~~ ~ ~X 3Hepr~~, CB~AeTenbCTByeT 0 npo
nop~~OHanbHOCT~ ce4eH~~ KBapK-napTOHHO~ CTPYKTYPHO~ ~YHK~~~ ~Apa. 

ABTOP~ np~3HaTenbH~ o.~.Kynbn~HO~ ~ B.r.nepeB034~KOBY 3a 
noMO~b s pa6oTe. 
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PyKon~cb nocTyn~na s ~3AaTenbcK~ ~ OTAen 
23 ~~H~ 1983 roAa . 

6anAMH A.H. H AP· P1-83-432 

3KcnepMMeHTan~HWe AaHHWe no HHKnD3HBHWM ce~eHMftM 
KYMYn~TMBHOrO po*AeHM~ npoTOHOB, AeMTpoHOB H TpHTH~ 

nony~HW HHBapHaHTHWe HHKn03HBHWe Ce~eHMR po*AeHMft npoTOHOB, AeMTPOHOB 
H TPMTM~ B pA - H dA -aaaMMQAeMCTBM~X nPM HMnyn~ce nepaM~HWX ~aCTH~ 
8,9 r38/c. AeTan~HO HCCneAOBBHW 3HepreTM~eCKMe cneKTpW B MHTepaane yrnoa 
Ha~.lliDAeHM~ 90° + 180" M A -HBMCMMOCT~ ce~eHMM B TOM JKe HHTepaane yrnoa, 
H3MepeHa nOAPo6Ha~ yrnoaaR 3aBMCMMOCT~ ce~eHH~ AnR HMnyn~COB BTOpM~HWX 4ac
TH~ 500, 700, 900 H38/c (pA-a3aMMOAeMCTBHR) HAn~ HMnyn~ca 700 H38/c 
B dA-a3aMMOAe~CTBMM . 8 MHTepaane nepaH~HWX 3HeprMM 8-400 r3B MMeeT MeCTO 
npeAen~Haft ~parMeHTa~M~ a MacwTa6HoM nepeMeHHOM X . YHMaepcan~HWM xapaKTep 
3aBHCHMOCTH Ce~eHM~ PO*AeHMR P83n~HWX ~aCTM~ B ~YHK~HH yrna HafinQAeHM~ 
CBHAeTen~cTayeT 0 nponop~HOHan~HOCTM ce~eHMM KBapK-napTOHHOM CTpyKTypHOM 
~YHK~HM ~Apa. 

Pa6oTa awnonHeHa a na5opaToPHH awcoKHX 3HeprHM OHRH. 

Baldin A.H. et al. P1-83-432 

txperlmental Data on Inclusive Cross Sections 
of Protons, Deuterons and Tritium Cumulative Production 

The Invariant Inclusive cross section of proton, deuteron and tr i tium 
production In pA- and dA-lnteractions with 8.9 GeV/c Incident momentum 
are presented. The energy, angular (within the 90° -180°), and A-dependen
ces are studied. Angular dependence is carried out for 500, 700 and 
900 HeV/c In pA-Interactlons and for 700 HeV/c In dA-Interactlons. Within 
8-400 GeV Incident energy range, the Interactions present limiting fragmen
tation properties are described by the scaling variable X. The universal 
character of the particle cross section dependence on the emission angle is 
an Indication to the proportionality of the nuclear quark-parton structure 
function. 

The Investigation has been perfonned at the Laboratory of High 
Energies, JINR. 
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