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~ccne,qo8aH~e RAePH~x peaK~~~ 8 penRT~8~CTCKO~ o6nacT~ noKa-
3ano, 4TO K8apKo8~e cTeneH~ c8o6o,q~ Ha4~Ha~T ~rpaTb cy~ecT8eH
HY~ ponb np~ OTHOC~TenbHO He6onbw~x nepe,qa4ax 3Hepr~~ - ~Mnynb

ca. B 4aCTHOCT~, 8 pa6oTe111 6~no oTMe4eHo, 4TO 3Kcnep~MeHTanb
H~e ,qaHH~e no npe,qenbHO~ $parMeHTa~~~ R,qep/2/, nony4eHH~e Ha 
,qy6HeHCKOM C~HXpo$a30TPOHe, n0380nR~T npe,qcKa3aTb YH~8epcanb
H~e xapaKTep~CT~K~ K8apK-napTOHH~X CTpyKTYPH~X $yHK~~~ R,qep 8 
o6nacT~ 6onbw~x nepe,qa4 ~Mnynbca np~ rny6oKoHeynpyroM pacceRH~~ 
nenTOH08 Ha R,qpax. B8e,qeH~e K8apK-napTOHHbiX CTPYKTYPHbiX $YHK~~~ 
R,Qep KaK OCH08H~X xapaKTep~CT~K penRT~8~CTCK~X R,QepH~X CTOnKH0-
8eH~~ o6ycn08neHO OTHOC~TenbHO cna6o~ C8R3b~ K8apK08 8 aAPOHaX. 
napTOHHaR MO,qenb, KOTOpaR npe,qCTa8nReT co6o~ aHanor ~MnynbCHO
ro np~6n~meH~R R,qepHo~ $~3~K~, ~cnonb3yeT 3TO $yH,qaMeHTanbHOe 
C80~CT80 K8apKo8. Ce4eH~e npo~ecca mecTKoro 83a~Mo,qe~CT8~R 4ac
T~~bl C a,qpOHOM $aKTOp~3yeTCR, T.e. MomeT 6~Tb npe,qcTa8neHO 
8 8~,qe npo~38e,qeH~A ce4eH~R a8 83a~MO,qe~CT8~R 4aCT~~~ C KOH
CT~TyeHTOM "b" a,qpoHa B Ha 8epORTHOCTb aB,Jx.Q2) o6Hapym~Tb 
8HyTp~ ~,qpoHa B KOHCT~TyeHT "b": 

o h Q /1 I 
aB(X,Y )z~aOUB/btX,"'' ). 

3,qecb G B/b (x,Q2)- K8apK-napTOHHaR cTpyKTYPHaR $YHK~~R a,qpoHa B, 
Q2 = -q2 - K8a,qpaT 4-~Mnynbca, nepe,qa8aeMoro 8 cTonKHoeeH~~, 

X= _2:._ - ,QOnR ~MnynbCa p a,qpoHa B, KOTOpy~ HeCeT KOHCT~TyeHT 
"b"2(pq) 

.TaK~M o6pa3oM, ce4eH~e npo4ecca e~pamaeTCR KaK cyMMa ce-
4eH~~ HeKorepeHTHoro pacceRH~R Ha ecex napToHax "b", KOTOPble 
c 3aMeTHO~ eepoRTHOCTb~ np~cyTCT8Y~T BHYTP~ a,qpoHa B. a~ 3a-
8~C~T TOnbKO oT Q2 ~ e cny4ae rny6oKoHeynpyroro pacceRH~R 
3neKTpOHOB ~ M~OHOB ~aeTCR $OpMyno~, on~Cbl8a~~e~ pacCeRH~e T0-
4e4HbiX 3apR,q08 a~ =A /Q4 . 6naro,qapR 3TOMY o6cTORTenbCTBy 
~ccne,qoeaH~e rny6oKoHeynpyroro ce4eH~R pacceRH~R nenToHOB Ra
nReTcR npRM~M cnoco60M ~3MepeH~R K8apK-napTOHHO~ CTPYKTYPHO~ 
$YHK~~~ R,qpa. O,qHaKo ~3-3a ManocT~ ce4eH~~ 3neKTpoMarH~THbiX 
B3a~MO,Qe~CTB~~ OCHOBH~e C8e,qeH~R 0 K8apK-napTOHHbiX CTpyKTYPHbiX 
$YHK~~Rx R,qep 6bln~ nony4eHbl Ha ocHoBe ~ccne,qo8aH~R npe,qenbHO~ 
$parMeHTa~~~ R,qep. Oco6oe 8H~MaH~e 6blno y,qeneHo ~3y4eH~~ 3a8~
c~MOCT~ $YHK~~~ G OT MacwTa6Hoi1 nepeMeHHOH X, OTHeCeHHO~ K o,q-

Q2 
HOMY HyKnOHy R,qpa /T. e. 8 $OpMyne X =- 8 Ka4eCT8e p 6epeTCR 

2(pq) 
He ~MnynbC 8Cero R,qpa, a ~MnynbC, npHXOAR~HHCR Ha O,Q~H HyKnOH/, .. ~, 

fC:~b.:_ .. _:·'}-:··: ).'_,! ... ·: "~~:\··.,.,.: .• ! 
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3Ta sen~4~Ha Haa~saeTcR KYMYnRT~BH~M 4~cnoM. Cy~eCTBY~T paa
n~4Hble onpe.QeneH~R KYMYnRT~BHoro 4~cna. Ma H~x Ha~6onee yno
Tpe6~TenbHoe IM~H~ManbHaR Macca M~WeH~I 

min 
N .. (E-pcosl])/m

0 
, 121 

r.Qe E ~ p - 3Hepr~R ~ ~Mnynbc, a e - yron 3M~CC~J.1 PO>K.QeHHoro 
a.QpOHa, m 0 - aTOMHaR e.QJ.1H~4a MaCCbl IMacca HyKnOHal, 
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PHc.2 

~OpMyna, n03BOnRro~aR np~ KOHe4HbiX 3Hepr~RX B3a~MO.QeHCTB~R 
HaMT~ Macey M~WeH~ .QnR pO>K.QeH~R a.QpOHa C B ~HKn~3~BHOM peaK4~~ 

a+A-+C+ ... , 131 

np~BO.Q~TCR B pa60Te 121
, 3Ty sen~41-1HY Ha3~BaeM nopR.QKOM KyMynR

T~BHOCT~ ~ o6oaHa4aeM X. Ha p~c. 1 np~se.QeHa aas~c~MOCTb N min 
~ X oT ~Mnynbca po>K.QeHHbiX rr -Me3'0Hoa .QnR paan~4H~x yrnos 3M~c
c~~. CnnowHble n~H~~ - Nmin(p ), a nyHKT~pH~e -X (p ). Cornac-

~ ~ TT TT 
HO OCHOBHm1 ~.Qee napTOHHO~ MO.Qen~ KBapK~-napTOHbl HaXOJ\RTCR Ha 
MaccoBOH nosepxHOCT~. Ha6n~.QeH~e napTOHOB c Nmin>l l"'n~ X >ll 
03Ha4aeT, 4TO npo~aowno saa~MO.QeHCTBJ.1e c KBapKoM, np~Ha.Qne>Ka
~~M rpynne HYKnoHos IKYMYnRT~BH~H 3$$eKTI. TaK~M o6pa3oM, ~ay-
4aR KBapK-napTOHH~e CTPYKTypHble $YHK4J.1~ R.Qep B KyMynRT~BHOi:i 
o6nacT~, M~ ~3y4aeM cne4J.1$~4ecK~e MynbT~KsapKos~e saa~<~MO.QeHcT
B~R, o6ycnosneHH~e o6o6~eCTBneH~eM KBapKOB IHeCBO.Q~MOCTbro KBapK
napTOHH~X CTPYKTYPH~X $YH1<4~M R.Qpa K O.QHOHyKnOHH~MI. 
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HacToR~aR pa6oTa noABO.Q~T ~Tor onpe.QeneHHOMY 3Tany Haw~x 
~ccne.QosaH~i::t KyMynRT~BHoro PO>K.QeH~R rr+ ~ rr- Ha nerK~x R.Qpax 
I H , D , 4He , 6 Li I. MMnynbc neps~4HbiX npoTOHOB paBHRnCR 
8,9 r3Bic. BTop~4H~e n~OHbl per~cTp~posan~Cb B ~HTepsane yrnos 
B~neTa 90-180° OTHOC~TeJlbHO nepB~4H~X npOTOHOB ~ B ~MnynbCHOM 
~HTepsane 150-800 M3Bic. TaK~M o6paaoM, 3Ha4~TenbHaR 4aCTb 
.QaHHbiX ~3 np~Be.QeHHoro ~HTepsana K~HeMaT~4eCK~x nepeMeHHbtX 
OTHOC~TCR K KyMynRT~BHOH o6nacT~. M3y4eH~e yrnos~x pacnpe.Qe
neHJ.1H KyMynRT~BH~X n~OHOB n03BOnReT C.QenaTb HeKOTOp~e CY>K.QeH~R 

0 3aB~C~MOCT~ 3JleMeHTapHOro Ce4eH~R OT Q2(Pl) B npe.QnOnO>Ke
H~~ 0 cna6oi::t 3aB~C~MOCT~ OT Q2 KBapK-napTOHHOH CTpyKTYPHOH 
$yHK4~~ R.Qpa. npe.QBap~TenbHbte peaynbTaTbl on~CaHH~X H~>Ke ~c

cne.QOBaH~H CO.Qep>KaTCR B HaW~X C006~eH~RX 13 •41• 

METOAMKA 3KCnEPHMEHTA 

3Kcnep~MeHT npOBO.Q~nCR Ha BbiBe.QeHHOM ny4Ke C~HXpO$a30TpOHa 
OHRH. Ha p~c.2 np~ee.QeHa cxeMa cneKTpoMeTpa ycTaHOBK~ AHCK-2, 

----- /5/ 
no.Qp06Hoe on~CaH~e KOTOpOH CO.Qep>KJ.1TCR B pa6oTe . 

CneKTPOMeTp cocTo~T ~3 aHan~3~PY~~ero MarH~Ta ~ .Qy6neTa 
KBa.QpynonbH~X n~H3, $OpM~PYIO~~X ny40K BTOp~4HbiX 4aCT~4. HM
nynbCHOe paapeweH~e cneKTpoMeTpa - 8,7% lnonHaR w~p~Ha Ha 
nonos~<~He s~coT~/. HHTerpanbHoe npo~3Be.QeH~e 3$$eKT~BHoro Te-
nPr-~nrn Vrn~ ~;:a IAMn\/nL.r"Uf"'\t:lo n!:li"!!lr"\CUIIOLJIAO /~vro~"''"'""'ll,... ''~""'"'1"'-.II,...,.P"'o"'"'' 

cocTaBnR~o 1, 72· 10 _:: 5 cp. BT~P~~~~~ 4~c~~~~~-~. ;~~R~~~ -·z-~~~~o 
6btno per~cTp~posaTb a ~HTepsane yrnos BbtneTa OT 49° AO 180° 
OTHOC~TenbHO HanpaeneH~R neps~4Horo ny4Ka ~ a ~HTepsane ~Mnynb
coe oT 0,15 z lr3Bicl .Qo 1 ,6 Z lr3Bicl. H.QeHT~$~Ka4~R sTop~4HbiX 
4aCT~4 OCy~eCTBnRJlaCb nyTeM He3aBJ.1C~M~X ~3MepeH~H BpeMeH~ npo
neTa Ha 6aae 3,8 M c4eT4~KaM~ Sl ~ S3 ~ Ha 6a3e 1 M c4eT4~
KaM~ S2 ~ S3. C4eT4~K~ Sl ~ S2 ~Me~T C4~HT~nnRTop~ Ton~~

HOH 0,5 MM. Paapewa10~ee epeMR cneKTpoMeTpa paBHRnocb +260 nc. 
AnR nOBbiWeHI1R Ha.Qe>KHOCT~ Bbi.QeneH~R none3HbiX co6biT~H eenocb ~3-
MepeH~e ~OH~3a4~0HHbiX noTepb a c4eT4~Ke S3 ITon~~Ha C4~HT~n

nRTopa - 3 MMI ~ ~HTeHc~BHOCT~ ~3Jly4eH~R Bas~noea-4epeHKosa 
B TBep.QOM pa.Q~aTope (l::). 

Oco6eHHOCTb~ Kp~oreHHOH M~weH~ ycTaHoBK~ AHCK-2/6 / RBllReT

CR pa3Me~eH~e B O.QHOM BaKyyMHOM KO>Kyxe C 60JlbWOH B~XO.QHOH anep
Typoi::t COCY.QOB C >K~AK~M ren~eM, BO.QOpO.QOM ~ .Qei::tTep~eM, a TaK>Ke 
cocy.Qa, npeAHa3Ha4eHHoro .QnR $OHOB~x ~3MepeH~H. Ha p~c.3 np~
Be.QeHa CXeMa KOHCTPYK4~>1 M~WeH~, a B Ta6n, 1 - ee xapaKTep~CT~-
K~. 

06opy.QOBaH~e M~WeHeH pa3Me~aeTCR Ha .Q~CTaH4~0HHO ynpasnRe
MOH $epMe c AB~>KeH~eM KaK no sepT~Kan~, TaK ~ no rop~30HTan~ 
~ B~3yaJlbHO KOHTpOn~pyeTCR C nOMO~b~ TeneycTaHOBK~. 
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'Ta6nHqa 1. TexHHqecKHe 

Pa6o11BH Jl,JIJ!Ba BBTl'PeHBHx co
CYJlOB, Mlo'l 

~aueTp BHYTPeHHHx cocy~oB, 
MM 

06'be.M BHY'l'P8BHHX COCY~OB, Jl 

ROJIHqecTBO pa6oqero Be~eCTBa 
BJtOJll> nyqxa qacTm.t, r/cM2 : 

reJIWI 

BO~opo~a 

~eiTepHR 

CyMMapaoe ROJIBqecTBO Be~ecTBB 
CT8BOR 88 BXO~e H BYXO~e, r/cM2 

~aHHble 

Ten.oBOI npHTOR (aRcnepHMeHTBJIJ.HHI) 
R MH1118HH H lzpCNeliY'l'011HOMY COCYJIY (BT), 

3Bn~8HHO~ BO~Opo~OM 

reJIHeM 

BpeMR aanoJIHeHHR ~eiTepaeM BliYT
peHHero coc~a MHDieHH, q 

BpeMH /q/ HenpeptiBHoa pa6oT~ MH
meHH, nonoJIHfleMOI HS npoMe.:yoroq... 
Horo coc~a eMJtoCTl>ll 50 JI 

Ha BO~opo~e 

MHmliiiJOt He 

MI!!UOH> 1ft 

MHIUeHH 

50 ( 140 ) 

50 

no O,I ( 0,3 ) 

0,63 ( 1,75) 
0,35 ( 0,98 ) 
0,85 ( 2,36 ) 

0,075 

12,8 
0,7 

I /3/ 

MaJinapo..,e 
OKlta v 

Ha nyTH nep8H4Horo ny4Ka, Ha 
paCCTOHHHH 3 M OT M~WeH~, Ha
XO~~TCH Ma~napo8aH nneHKa 
/0,01 r/cM 2/, Ha KOTOPY~ no~ 
yrnoM 135° Hanpa8neH TenecKon 
C4eT4~Ko8 M P (S4, S5, S 6) ,MOHHTo
P~PY~~H~ ny40K ycKopeHHb!X 4ac
T~~- fpa~y~p08Ka OTC4eT08 Mp 
OCy~eCT8nHeTCH no H3MepeHH~ Ha-
8e~eHHO~ aKT~8HOCTH C ~cnonb30-
8aH~eM peaK~~H 12C (p,pn)11c npH 
o6ny4eHH~ nonHCT~pona(C8H8)~H
TeHC~8HOCTb nep8H4HOro ny4Ka 
npOTOH08 COCTa8nHna -3·J0 11 4ac
T~~ 3a 8peMH 8b180~a nY4Ka ~3 yc
Kop~TenH /-0,4 c/. 

~---
\ 

PHc.3 
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.. 

PerHCTP~PY~~aH annapaTypa Bb!nonHeHa e cTaH~apTe KAMAK. 
CneKTpoMeTp pa6oTaeT Ha nHHHH c 8bl4~cn~TenbHO~ Maw~HoA. 

OnPEAEnEHME MHBAPMAHTHWX C£4EHM~ PO~AEHMR nMOHOB 

oy~eM 8 ~anbHe~WeM ~cnonb308aTb npe~CTa8neHHe 3KCnepHMeH

TanbHbJX AaHHbJX 8 8H~e 

RA =Ed 3a/d3p /M6·f3B- 2• c 3 •CP-1 /. 

MH8ap~aHTHOe ~~$$epeH~~anbHOe ce4eH~e RA cne~y~~~M o6pa30M 
8blpaH<aeTCH 4epe3 Ha6n~~aeMble senH4~Hbl ~ napaMeTpbl ycTaH08KH: 

E 1 1J Nrr(A} N 17 (<I>) 
RA = -- -- -- [ --- -· ---]. 

p2 pksk( fA Mp(A) Mp(<l>) 
/4/ 

3~ecb E ~ p - nonHaH 3Hepn1H ~ ~MnynbC BTOP~4Hb1X n~OHOB. npo
!-138e~eH~e 1\ s k"' ttn ttp . r~e ttn - 8XO~Ho~ TenecHb!H yron 3Kcne
p~MeHTanbHO~ ycTaH08K~ ~ ttp- ~HTep8an per~CTp~pyeMbiX ~Mnynb

C08. KOHCTaHTa f y4HTb18aeT nonpa8KY Ha 8TOp~4H~e 83a~MO~eAcT-
8~H 8 se~eCT8e c4eT4~K08, $naH~e8 ~ M~weH~, a TaKH<e Ha pacna~ 
n~OH08. 8bl4~cneH~e npo~38e~eH~H (skd ~nH cny4aH npoTHH<eHHOA 
reoMeTp~~ M~WeHH ~ HanH4HH 8e~ecT8a 8 KaHane nposo~~nocb Me
TOAOM MoHTe-Kapno. CTaT~CT~4ecKaH T04HOCTb pac4eTa 3TOM sen~-
4HHbl - He XyH<e 5%. KOHCTaHTa 1J CBH3bl8aeT OTC4eTbl MOH~Topa Mp 
C HHTeHC~8HOCTb~ nep8H4HOrO nY4Ka. ~3MeOeHHO~ no HaBeneHHO~ 
aKT~BHOCT~ 1 ~C. N 17 (A) - 4~cno nHOHOB oT M~weH~ A Ton~~~o~ 
fA /a M6 - 1 I, N17 (<1>) - 4~cno nHOHOB 8 onbiTe c $OHOBbJM COCYAOM. 
Mp(A) ~ Mp(<l>) - MOHHTOpHbl~ C4eT ~nH pa6o4ero ~ COOTBeTCTBy~

~ero eMy $oHosoro H3MepeH~H. 
A6con~THb!e ce4eH~H H3MepeHb! c T04HOCTb~ 15%. OcHOBHO~ BKnaA 

B 3TY sen~4~Hy ~a~T 3$$eKTbl, CBH3aHHble C HeKOHTpOn~pyeMbiM pa3-
6pOCOM pe3ynbTaT08, nony4eHHbiX s pa3n~4Hb1X ceaHcax pa60Tbl Ha 

YCKOP~Tene. 

OoCYmAEHME 3KCnEPMMEHTAnbHWX AAHHWX 

3Kcnep~MeHTanbHble AaHHb!e no ~HBap~aHTHblM ~H¢¢epeH~HanbHb!M 
Ce4eHHHM pOH<~eH~H n~OHOB npHBeAeHbl 8 Ta6n.2,3. 0wH6K~, yKa3aH
Hble 8 Taon~~ax, - CTaT~CTH4eCKHe. ?e3ynbTaTbl H3MepeH~~ npeA

CTasneHbl TaKH<e Ha rpa<!>~Kax. 
Ha pHc.4 noKa3aHa 3aBHCHMOCTb ~HsapHaHTHbiX ce4eHI-1~ OT K~

HeTH4eCi<O'lf'"3Hepr~H 17 -Me30HOB AnH HAeP BOAOPO~a. KsaApaTHKa
MH ( o ) o6o3Ha4eHbl AaHHble H3 pa6oTb! 171• Yron 3M~CC~H n~oHOB -

180°. 
Ha p~c.5 noKa3aHa 3aBHC~MOCTb ~HBap~aHTHbiX Ce4eHHH OT KHHe-

T~4eCKO~ 3Hepr~~ 17-Me30HOB AnH H~ep Ae~TepHH. TpeyronbHHKaM~ 
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Ta6nH~a 2.HHBapHaHTHhle ceqeHHR 3 3 I -2 3 -1 RA,.Ed a/d p M6·r~B .c. cp 1 
po~eHHR rr- Me30HOB 

P •. RH (180°) R0 (I80°) R He(l80°) (90°) 
M3Bic RHe ----
200 r, 78z0,3.: 6,I3z0,50 20,2Izi,27 

250 l6,48ti,06)·IO-I 3,0I:t.O,I.: 7 ,64t_0,54 

300 (2,I3z0,30)•IO-I I,4J±O,IO 3,2I:t.0,26 

350 I0,86:t.0,56 

400 (I,33+0,I3).I(JI ( 7, '78+0, 73} • 6,I7:t.0,34 - -I . 
·ICI 

500 (I,25±0,2~ror2 cr,o1:o,ro>· 2,03:t.O,II 
.ro-1 

(0, 94z0, 72).Ilf'3 ( 9,I6:t.~58) • (6, 99!;0,42)· ro-I 600 
·IO 

700 (I,56:t.O,I3).I0-1 

800 (5,07:t.0,42)·I0-2 

Ta6nH~a 3.HHBapHaHTHbie ceqeHHR RA.Ed 3a/d3p IM5•r3B-2.c 3 .cp-11 
po~eHHR rr+- Me30HOB 

P, 
M3Bic 

RH Rn RHe R6Li 

I 50 
175 
200 
225 
250 
275 
300 
325 
340 
350 
360 
370 

6 

I4,26t..I,52 
II,36;t0, 76 
5,96±0,38 
2,99±0,24 
2,23±0,15 
I,44±0,12 
1,16+0,IO 

- I < 9, 7±,0, 76) .ro-

pA - 'l' + (180°) 

I8,9I:t.I,64 
I2,68±0,70 
8,31:!:,0,33 
5,2J±0,22 
3,2J±O,I6 
2,I4:!:,0,IO 
1,54!;0,08 
1,06:!:,0,06 

(5,4B+0,44)·Io-1 
(3,79;0,29)·10-1 (6,10+0,49)·10-I 
(2,3s;0,26)•10-1 -
(1,91t0,27)•1o-1 

47,32;t3,50 
35,85±2,68 
22,28±0, 99 
13,98±0,81 
8,21:!:,0,49 
5,04±0,16 
3,55:!:,0,23 
2,70±0,15 

1,61;t0,14 

) 

) 

P, 
M3Bic -
400 
450 
500 

550 
600 
650 
700 

300 
350 
400 
500 
700 

500 
600 

500 
600 

700 

500 

600 

700 

700 

300 
350 
400 

RH Rn RHe R6Li 

(1,53+0,11)·10-1 (8,13+0,65)·10-I 
(3,7&;0,24)·10-2 (2,65;0,I9)•IO-I 
(I,o7;0,II)•10-2 (8,7ot0,39)·I0-2 (I,14:t.Ot08)• 

•I0-1 

(2,64+0,40)•10-3 (3,I9+0,23)•I0-2 

(6,6+i5,2)•I0-4 (I,I7;0,15)·10-2 

(3,07+0,86)•I0-3 (2,74;0,27)·I0-3 
- (6,3s;0,78)·I0-4 

pA ~ Ji +(I68°) 
3,8I:!;.O,I9 
I,59+0,09 
(6,12~0,37)•10-I 
(8,~0,62)·I0-2 
(4,2~2,9I)•I0-4 

pA - Ji+(I62o) (I,09t,O,Il) ·IO-I 

nA __...,...+ IT"-do, 

(I, 7~ 0,35) • 
.IQ-G 

- (I,57+o,42):Io-2 (I,24+0,27)IO-I · 
- (I,4I:o,51)Io-2 (2,42+0,82)· 

pA ---+ 'Ji + (I20°) 
(I,I5:t.O,I2)IO-I 

(I, 10:!:,0 ,18) ro-2 

pA ---+1i+(I04°) 

pA -+ li' + ( 90°) 

- -ro-2 

(3,42+1,71)• .ro.;.;) 
(4,62±0,40)10-I (6,87:t.Ot57)· 

·IO-l 
(8,58±0,96)I0-2 (I,IO:t.Ot09). 

.IQ-l 

(I ,03z0,32)I0-2 

(5,43+I,2)I0-2 (8,34+!,62)· 
- .:ro-2 

25,37+_1 ,34 
I2,04±0,64 
7,53±0,45 
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P, RH Ro Rne RsLi 
HsB/c 

500 1,45:t,0,09 2,65+0,19 
600 (8,86+0,50)10-1 1,02t0,06 
700 (3,09t_Oi18) • 

·10-
800 (5, 98+0,44)10-2 

880 (1,Ist0,14)I0-2 

(~) o6o3Ha4eHbl AaHHble pa6oTbl ru_ Yron 3MHcct.H1 nHoHos - 180 °. 
AaHH~e no ce4eHH~ pomAeHH~ rr--Me30HOB Ha ~Apax BOAOPOAa H AeH
TepH~ cpaBHHBa~TC~ C pe3YilbTaTaM~ pa60T~/?/, KOTOp~e nOily4eH~ 
MeTOAHKOH 4epeHKOBcKoro AH¢¢epeH~Ha!lbHoro C4eT4HKa THna A~CK 1~ 1 
OTMeTHM xopowee cornacHe pe3YilbTaToB H3MepeHHH ABYM~ pa311H4Hbi
MH MeTOAHKaMH. Ha pHC.5 KBaApaTHKaMH (o) o6o3Ha4eH~ AaHH~e 1-13 
pa6oTbl 191 , B KOTOPOH HCCJleAOBaJlOCb pOmAeHHe 17 -Me30HOB B d p -
CTOJlKHOBeHHRX /npH HMny!lbCe naAa~~HX AeHTpOHOB 3,3 r3B/c/. 
PaccMaTpHBaeM~H HHTepBaJl yrnos 3MHCCHH no COSO- OT -0,667 AO 
-1. 

Ha pHC.6 npHBeAeHa 3aBHCHMOCTb HHBapHaHTH~X Ce4eHHH OT KH
HeTH4eCKOH 3HeprHH "-Me30HOB AJ1R RAep 4He. AaHHble OTHOCRTCR 

K pa3IlH4HbiM yrn~M 3MHCCHH - 180°, 168°, 154°, 120° H 90°. Ha 
pHC. 7 HMe~~HeC~ Y HaC AaHHble no HHBapHaHTHbiM Ce4eHHRM pOmAe
HHfl rr+ -Me30HOB Ha RApax 

6Li cpaBHHBa~TCR C AaHHbiMH H3MepE!HHH no 
~~d·M~Hid4~~ RAeP nHTHR npH 3HeprHH quu 13~ H3 pa6oT~··v~ OT
MeTHM, 4TO Ha pHCYHKe npHBeAeH~ Ce4eHHfl, npHXOAR~HeCfl Ha OAHH 
HYKilOH ¢parMeHTHPY~~ero RApa. 

Ha PHC.8 HHBapHaHTH~e Ce4eHHR pOmAeHHR rr+-Me30HOB C HM
nyilbCOM 500 M3B/c Ha RApe renHR nocTpoeHbl a 3aBHCHMOCTH OT yr
na 3MHCCHH. Ha pHc.9 HHsapHaHTH~e ce4eHHH Ha OAHH HYKilOH ¢par
MeHTHPY~~ero RApa AilR pomAeHHR rr+-Me3oHoB HMnynbca 500 M3B/c 
Ha RApax D • 4 He ' Pb nOCTpoeH~ B 3aBHCHMOCTH OT coso. nHHHH, 
npHBeAeHH~e Ha pHC.8 H 9, RBilR~TCR OnHCaHHeM pe3yJlbTaTOB H3Me
peHHH B yrilOBOM~psane 90°-180° ¢YHK~HeH, IlHHeHHOH no cosO. 
TaKaR 3aBHCHMOCTb ce4eHHR OT cosO npH ¢HKcHposaHHOM MOAyne 
HMny!lbCa Me30HOB eCTb OTpameHHe aHailOrH4HOH ¢YHK~HOHaJlbHOH 
3aBHCHMOCTH B KYMYilRTHBHOM 4HCile /eM. ¢0PMYI1Y /3//. 

0TMeTHM 3AeCb TaKme TOT ¢aKT, 4TO OTHOWeHHe HHBapHaHTHOrO 
ce4eHHR Ha OAHH HYKilOH ¢parMeHTHPY~~ero RAPa AilR pomAeHHR r.+
Me3oHOB Ha RAPe CBHH~a K 3TOH me BeilH4HHe AilR RAPa reJlH~ Me
HReTCR OT - 1 , 8 AO - 0, 3 npH H3MeHeHHH COS 0 OT -1 AO 0, 6. 
0AHO 1-13 CileACTBHH MOAeilH KYMYilRTHBHOro RAepHOrO 3¢¢eKTa /l1.l 2/ 

3aKJ1~4aeTCR B TOM, 4TO OCHOBHaR BeJlH4HHa, OnHC~Ba~~aR KYMYJlR
THBH~H 3¢¢eKT, - KsapK-napTOHHaR CTPYKTYPHaR ¢YHK~HR RApa -
MOmeT 6~Tb annpOKCHMHPOBaHa 6~CTPO y6~sa~~eH ¢YHK~HeH, HanpH-
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Mep, 3KcnoHeHTo~. Ha pMc.10 1-1 11 npMse,qeH~ 3Ha4eHMR napaMerpa 
<X> ,QilR pa3JlM4H~X MHTepsanosX npM onMcaHMM cneKTpOB 17 +_ 1-1 

17- -Me30HOS, pom,qeHH~X Ha R,qpax ,qeHTepMR /pMC. 10/ M renMR 
/pMc.11/, <I>YHK41-1eH exp(-X/<X>) npH Pl. =0. 

Ha pMc.12 npHse,qeH~ ,qaHH~e no <J>parMeHTa4MM R,qep renMR npM 
pa3Jli-14H~X yrnax Ha6n~,qeHMR B 3aBMCMMOCTV1 OT nepeMeHHOH X.Qr
MeTMM, 4TO M3MepeHMR npM O,QMHaKOB~X 3Ha4eHMRX X Ha pa3HbiX yr
nax Ha6n~,qeHMR COOTBeTCTBY~T pa3JlM4H~M 3Ha4eHMRM p: . npoaHa
JlM3MpyeM ,qaHH~e no <J>parMeHTa4MM R,qep reJlMR Ha npe,qMeT B~RBJle

HMR 3aBMCMMOCTM OT nonepe4HOrO MMnyJlbCa. Ha pMC. 13 npMBe,qeH~ 
OTHOWeHMR Ce4eHMH pom,qeHMR 17+_Me30HOB npM O,QMHaKOB~X X npM 
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PHc.l3 

o 0,4 <X<O,SS 
o 0,65<X< lO 
• 1.0 <X<t.s 

0,7 P,' (r .ejcJ' 

nonepe4HOM MMnyJlbCe, OTJ1M4HOM 
OT HYilR, 1-1 AilR Pl.2 =0. 0wM6KM, 
npMBe,qeHH~e B OTHOWeHMRX, Bbi-
4MCileH~ C Y4eTOM KaK CTaTMCTM-
4eCKMX, TaK 1-1 CMCTeMaTM4eCKMX 
owM6oK M3MepeHI-1H. 3Ha4eHMR X 
6pani-1Cb B T04Kax, M3MepeHH~X 
,QilR yrnos, OTJ1M4H~X OT 180~ 

a ,qaHHble npM 180° (Pf = 0) MHTep
nonMposam-1Cb K Bbl6paHHOMY 3Ha4eHM~ X. no IAHTP!"R-""~' 0,65 .::::~--::! ,:; 
IIUJIY4eHO OnMCaHMe ,qaHHbiX <I>YHK4Mei1 

(0,99 ± 0,06 )exp(-(4,01 ± 0,21) P; ), 
/51 

r,qe fi Bblpa>KeHo B raB/c. 

tlaHHble AilR MHTepsana 0, 4 <X <0, 55 He nO,Q4MHR~TCR 3TOH 3aBM
CI-1MOCTM. 803MOmHo, npM4MHa 3,QeCb B TOM, 4TO B o6naCTM Mail~X 
3HeprHH nMOHOB Ha6Il~AaeTCR CTPYKTypa, KOTOpaR B pa6oTe/lS/MH
TepnpeTMposanaCb KaK pacna,q s HanpasneHMM "Haaa,q" V1HKil~3MBH~ 
M3o6ap 6MHapHOH peaK4MH npl-1 YCilOBI-111 MX ,qa~meHMR B HanpaBJleHMM 
na,qa~~ero nepBM4Horo nporoHa. TaKMM o6paaoM, ,qnR R,qpa 4He s 
MHTepsane 3Ha4eHMH 0,6 <X < 1, 5 MHBapMaHTHOe Ce4eHMe MOmHO npM-
6nMmeHHO npe,qcTaBMTb B BM,qe 

E d
3

a /dp
3 ~ exp(-X /<X> )exp(-aP; ), 

16! 

r,qe 3aBMCI-1MOCTb <X> OT X npe,qcTasneHa Ha PMC. 11. 
AHanMa np~se,qeHH~x 3KcnepHMeHTailbH~x ,qaHHWx noasonReT aanH

carb COOTHOWeHMR Mem,qy Ce4eHMRMI-1 pOlK,qeHMR 17 +- H 17- -Me30HOB Ha 
pa3JlM4HbiX R,qpax: 

a/ Cpe,qHee 3Ha4eHMe OTHOWeHMR BbiXO,qa 
MepeHHOM MHTepsane KMHeTM4eCKI-1X 3HeprMH 

+ -
1T -Me30HOB K 17 B H3-

pa8HO I , 0 4.::t:O , 0 5 
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AnH HAPa He ~ yrna 3M~cc~~ 180 ° ; 1 ,10+0,05 AnH HAPa D ~ yr
na 3M~cc~~ 180 ° ~ 1,15+0,02 AnH HApaHe ~ yrna 3M~cc~~ 90°; 

6/ e HeKyMynHT~BHo.:i-o6nacT~ 3Hepr~.:i n~oHoB /T
17 

< 270 M3B/ 
B~XOA n~OHOB ~3 HAep ren~H B cpeAHeM B 2,6 pa3a npee~waeT B~
XOA n~OHOB ~3 HAeP AeHTep~H, ~ B KyMynHT~BHOH o6naCT~ 

/T 77 > 270 M3B/ 3TO OTHOWeH~e paeHo 10; 
e/ B~XOA nono*~TenbH~x n~oHoe ~3 HAeP BOAOPOAa npee~waeT 

B~XOA OTp~~aTenbH~X n~OHOB np~MepHO B 4 pa3a; 
r/ AnH T17 < 250 M3B B~nonHHeTCH cneAY~~ee COOTHOWeH~e: 

(R0 ("+ )+R0 (77-))/2(RH("+ )+RH("-)) = 1,03 ± 0,06. 

AI e Haw~x AaHH~x ~MeeTCH HecKonbKO T04eK, e KOTop~x OAHo
epeMeHHO ~3MepeH~ ce4eH~H PO*AeH~H "+-Me3oHoe Ha HApax D 
4He ~ 6 Li. nony4eHo cneAY~~ee 3Ha4eH~e AnH een~4~H~ OTHowe
H~H 3T~X Ce4eH~i: 

(R 6 .(77+)-R4 (77+))1Ro(77+) ~2,16 ± 0,47. 
L1 He 

AeTop~ np~3HaTenbH~ M.A.Wa$paHoey, KonneKT~ey B~4~cn~Tenb
Horo ~eHTpa nB3, KonneKT~BY Kp~oreHHOro OTAena, KOnneKT~By 

X~M~4eCKOH rpynn~, a TaK*e B.r.nepeB034~KOBy, o.~ . Kynbn~HOH 

~ A.r.n~TB~HeHKo 3a noMo~b a pa6oTe. 
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c:t 

6anAHH A.M. HAP· 1-82-28 
3KcnepHMeHTanbH~e AaHH~e no KYMYfl~THBHOMY po~AeHH~ nHoHoa 
npH B3aHMOAeHCTBHH npoTOHOB C HMnyflbCOM 8,9 raB/c C nerKHMH ~APaMH 

HccneAyeTC~ KYMYfl~THBHOe PO~AeHHe 4aCTH4, CB~3aHHOe CO cne4H~H4eCKHMH 
~AePH~MH MYflbTHKBapKOB~MH B3aHMOAeHCTBH~MH, o6ycnoaneHH~MH o6o6~eCTBfleHHeM 

KBapKOB. npeACTaBneH~ AaHH~e 0 nOBeAeHHH HHBapHaHTH~X HHKfl~3HBH~X Ce4eHHH 
06pa30BaHH~ KYMYfl~THBH~X rr± -Me30HOB npH B3aHMOAeHCTBHH npOTOHOB C HM
nynbCOM 8,9 raB/c c nerKHMH ~APaMH I H , D , 4He, 6Li /. BTopH4H~e 4aCTH4~ 
perHCTpHpoaanHCb B HHTepaane yrnoa B~fleTa 90° -180° OTHOCHTeflbHO nepBH4H~X 
npOTOHOB H B HMnyflbCHOM HHTepaane 150-800 MaB/c. HccneAOBaHa 3aBHCHMOCTb 
HHaapHaHTH~x ce4eHHH po~AeHH~ nHoHoB OT KyMyn~THBHoro 4Hcna H nonepe4Horo 
HMnynbca. 

Pa6oTa a~nonHeHa B na6opaTOPHH B~COKHX 3HeprHH OHRH. 

C~eHMe O~~eAMHeHHOrO HHCTHTyTa ~AePHWX HCCneAOBaHHH. AY6Ha 1982 

Baldin A.M. et al. 1-82-28 
Experimental Data on Cumulative Pion Production at 8.9 GeV/c 
Proton Interaction with Light Nuclei 

The cumulative particle production connected with specific nuclear 
multiquark interactions which are due to quark collectivization is consi
dered. The data on the behaviour of invariant inclusive production cross 
section of cumulative "±-mesons in interactions at 8.9 GeV/c protons with 
1 ight nuclei are presented. Pions were detected within the 90° -180 ° emission 
angle with regard to primary protons and within the 150-800 MeV/c momentum 
range . The invariant cross section dependence on cumulative number and 
transverse momentum are investigated . 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA O.C.BHHOrpaAOBOH. 


