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I. BBF.J[Iimm 

Hccne~OBaHRe aHT~OH-HYKHOHH~X BSaKMO~encTBaft npM cpe~ax 

aHeprftHX npe~CTaRnReT 60nbmoft HHTepec B CBRaH C BOSMO~OCTb~ ~e

TaJThHOrO HsyqemUi aHHHrHJl'.f!ll.,ll:OHHOrO KaHMa. llet\:cTBMTenbHo. nOCKOnb
-",6 

KY Ce"lemle pp-aHilllrMfllU'U1 y6~Ba.eT c aHepraeA: <e)''" '" PloAl!' (11. 

H8.M6o~ee no~o~eA: o6~aCTb~ ~ HsyqeHHR ee CBOA:CTB ~ReTCR ~

anaSOR HMIIYnbCOB HMeTaKllllerO aHT~OHa nopJU(Ka HeCKOnbKax raB/c. 

r~e 5Q.. COCTa~eT elile SaMeTHYlO ~OJl1O lIo~oro Heyrrpyroro CetIeHRR:. 

B HaCTORlilee BpeW!: BeCbMa aK'rYaJThH9M HarrpaBJleHKeM MCCJle~OBaHH1t 

MH~SHBH~X IIpOneCCOB B anpOHH~X BS8.MMO~enCTBKRX ~eTGR YCTaHO

~eHMe CBRSH Me~ oco6eHHOCTHMH ClIeKTpOB BTOPMtJ:H9X tIaC~Hn B 06

~aCTM M~X PT H KBapKoBoft CTPYKTYPOft pa~HtJ:H9X rrepBHtIH9X ~O

HOB(2).~R ~H9~ero paSBHTHR KBBpK-napTOHHHX(3-4J H ~anhHHX 

napTOHH~X [5-81 Mo~e~eft H rrpO~~eHHR ax B o6~aCTb HeB~COKMX. IIpe~

aCRMIITOTHtIeCKMX sHeprHft T~e Heo6xo~9 3KCIIepRMeHTMbHHe ~rufHge 

o MHO~eCTBeHHoft reHepaUHH tIaCTHU B pa~HtIHHX anpOHH9X rrponeccax B 

WHPOKOM ~anaSOHe rrepBMtIHHX HMIIYnbCOB. 

B rrO('..JIe~He rO~9 69~ IIMycIeH PR,ll; HOB9X pp-~aHH9X IIPH cpe~

HHX(9-10) H cBepxBHcoKHX(I1] aH9prRfiX.O~aKO 3KCnepBM9HTanDHaa CH

TyaI~ IIO MHorKM BOrrpOCaM aHTHHYKHOH-HYKnOHH9X BSaKMO~eftcTBHft Bce 

elile OCTaeTCH He Bno~e RCHOft. OcooeHHO 3TO KacaeTCH P~-BSaKMO~eft

CTBHft. HsyqeHHe KOTOp~X saTpy~eHo Hs-sa MeTO~tIeCKHX cno~ocTeft. 

CBRSrufH~X C B9~e~eHHeM SToro KnaCca C009THft HS pd-~aHH9X. 

3KCrrepHMeHTaHbHOe HSYtIeHHe P~-BSaKMO~eA:cTBMft B~O He TOnbKO 

~ cpaBHeHHR C pp-~aHHHMH H BHflCHeHHR pO~H HsocrrHHa B nponeccax 

aHHHr~H. B nocne~ee BpeW!: OOnblliOft HHTepec rrpOHRnReTCH K HC

cne~OBaH~ ocoOeHHocTeft ru{HHrHJl'.f!ll.,ll:H aHTHHYKHOHOB B ~ax C TO"IRH 

SpeHHR B03MO~OCTH rrMycIeHHR sKCTpeMaHbHHX COCTORHH1t MaTepMH [121. 

~ rrOHCKa H BH~eneHHR TaKOrO po~a R~eHMA: Heooxo~o ~eTaJThHOe 

3HaHHe MElMeHTapHHX aKTOB PP- .a Pn.-aHlUII'~. 

'~:m J_
~,' ,-O,_t,<_.' ""·"jl"· '/i! "~"a '" , ',}''-'-.'A,ni:L Urdlli RIlCTmyi 

:,':::,:;; HCC.~:>110Bafm~ 
:,: ?::·mr!CT;;:HA 

http:y6~Ba.eT


HaCTORmPH paOOTa nOCBRmeHa H3yqeHMID MHOXeCTBeHHOrO 00pa30BaHRH 

'IaCTRn: BHeYlJPyrHX n.P-B3aJ.1M0.l{eitCTBIDlX rrps: m.my.m,ce 6.1 rsB/c, .l{aH

HHe 0 KOTOPHX H3RneKanHCb H3 peaKUHH 

dp - i\+X (I) 

r.l{e p~ - aHTIDIpoToH-CneKTI'lTOp, a X - H3ytJ:aeMaH CHCTeMa BTOPH'I

HHX a.n;pOHOB. KpoMe 001l\HX xapaKTepHcTHK HeynpyrHX 1iP-B3!3J{M0.l{e:l\cT

BRA H3ytJ:aIDTCH no OT.l{e.m,HocTH R CpaBHHB8IDTCH Me~ cOOoI .l{Ba Krracca 

COOHTRA: aHHKrH~OHHHe R HeaHHMrH~OHHHe. 

Pe3y.m,TaTH, no.n:yqelfRHe B J(aHHOM 3KcnepRMeHTe, OCHOBHHH Ha CTa

TRCTRKe -11000 otP-C06HTRA Hcex Tono~oraR npa 12.2 raB/c. MeTo.l{R

'IeCKOe npeRMYmecTBo TaKOR "oOpaTHoil:" nOCTaHOBKR 3aJ(aqa no cpaBHe

HMID C Tpa.!{Rn:HOHHHMR Hcc~eJ(OBaHRHMH Ha nOKOffiueMCH .l{eitTpoHe 3aKnD

'IaeTCH B B03MOXHOCTH BH.ne~eHHH COOUTHR peaKUHH (I) Oe3 CRCTeMaTH

'IeCKHX nOTepb. ITOJ(POOHO 3TOT BOnpOC BMeCTe c J(pyrRMR .l{eTanHMH 3KC

nepRMeHTa paccMoTpeH B [13]. 

ARaJIH3 ynpyroro 7i. p-pacceHHM H pacnpeJ(e~eHM no MH~XeCTBeHHo

CTR 3ap.ffi!teHHHX 'IaCTHI:( B HeynpyrHX H aHHHrWJ.ilJ.:ll{OHHHX 7ip-npon:eccax 

6H~H orry6AHKOBaHH paHee [I4-IQ). 

2. CPE,IllJME XAPAKTEPI1CTI1IDf 8APHlllEHHIiX llACTml 

KaK 6H~O nOKa3aHO B [15], CBoil:CTBO G-llliBapHaHTHOCTR np-Baa

RMoJ(eicTBHI rr03B~eT HenOCpe.l{CTBeHHo orrpe.l{e~Tb TonOAOrH'IeCKHe 

Ce'IeHRH aHHRr~OHHHX npoueccoB. O,l{HaKO pa3.l{e~Tb TaKHM 00pa30M 

Bce peaJIbHHe COOHTM Ha aHHHrWJ.ilJ.:ll{OHHHe (A) H HeaHHKr~OHHHe 

(IVA), pa3YMeeTcH,HeB03MOEHO. ITOCKQ.m,KY B HarneM 3KcnepRMeHTe npaK

TH'leCKR O,l{H03Ha'lHO l'l.IleHTHtilHn:HPYlOTCH Bce 3ap.ffi!teHHHe 'IaCTIDl;B [15] .I!l 

H3BeCTHO, 'ITO OCHOBHaH 'IaCTb ( 88±S% ) I-.n:yqeBHX fi:p-B3aHMoJ(eft

cTBHI HRnHeTCH HeaHHRrHAHn:HOHHoit [15]. MH rrOCTYITaJIR CAeJ(YJOmKM 06

2 

pa30M. KA-Krraccy OTHOCHAHCb Bce C06UTKff C MHO~eCTBeHHOCTbID nck~ 3, 

B KOTOPHX He 6~o 3ap.ffi!teHHHX 6apHoHoB (p,p) cpe~ BTOpH'lHHX 'lac-

TRU. OC'I'.aJIbHHe C06HTM OTHOCHAHCb K NA-Krraccy. TaKOM oT60pe 

rrpRMec~ HeaHHHrRnHUHOHHHX co6HTHil: B A-Krracce COCTaBnHeT N6% (r,II! 
to,I8 M6 ), a o6paTHM rrpHMecb - MaHee 5%. 

ITpJif R3ytJ:eHHH P{~aKI:(RH (I) CYlIIecTBeHHHM 06pa30M ¥l:CrrO~I,30BaJIOCb 

CBOitCTBO G-HHBapHaHTHocTR liP-B3aJ!fMO,n;ellcTBRM, lI03BOJIHlOmee CBH

3aTb ycpeJ(HeHHHe rrapaMeT.PH HeperHCT.PrrpyeMHX HeMTpoHoB (aHTHHeltT.PO

HOB) C aHaJIOrfftI~ Be~RHaMR .ll)IR aHTHlrpOTOHOB (rrpOTOHOB): 

* .,..<nii/l'\) :: <nr/j,) :. (2)?ii/n " 2pIii . 

8.l{eCb :Ii B TaM.I, r.l{e rrpHBe.neHH HeKOTOpl.le Cpe,T(IlHe XapaKTepHCTI1KR 

3ap.ffi!teHHHX 'laCTRU, o6pa3YJOIllI1XCli B HeynpyrHx itp-B3aHMo.n:eticTBHHX 

rrpH 6,! faB/c, HClIOEb30BaHH c~eDYIDll~e 0603Ha'leHRH: 

<ttJ·) , 6.:: <I't. ')'6", - cpe.n:mfe MlIOJl(eCTBeHHOCTR R RHlUIlO-J J \..~ 

3HBHble Ce'leHlUI 1IaCTRU j
*·-L j~ d~ rlf - ,nOM lIOJlHOH 3HeprRR B ClUf, YHOCH

~j -6;.. {S d.p MaR 'lacTHUaMli copTa j ; 
- cpe.nID:!e xapaKTepHCTIffill: pacnpe.ne<~~'>l' ,<r:? J>.::. «r,1? -<'P,"/)Ya 

J' J J j ~eHHH lIO nOlIepetlHOMY mvmyJIwy; 

.\(~e-j) - SHa'leHMe MHBapHaHTHOll CTPYKTYPHOil:t
l 
(~'I=o) ~ -i ¥ ~I!.O 

qiyHKHHH 'laCTRUH j rrpR HY~eBoil: 

6HCTpOTe B CUl1 i\ P-B3aMMO,neiicTBM. 

ITPH orrpe,neAeBI{I{ lIO~HKJJID3RBHHX ce'leHRH 06paSOBaHRR 'laCTHn: pa3

~H'i~oro copTa HopMRpOBKa rrpoBO,nMaCb Ha TOlIOJIOrfftIeCKRe (HeynpyrRe, 

aHHRr~I.HOHlrne H HeaHHHrl'l.JlRl(ROHHHe) ce'leHRR ti P-B3aMMO,neitcTBH:lt 

rrpH 6.1 r3B/c, IIp>'lBe,neHHHe B pa60Te [Is] • 

3aBHcHMOcTb cpeJ(Hero ~RCAa IIpoTOHOB II aHTRrrpOTOHOB OT MHoxeCT

BeHHOCTII B HeaHHHrRnHUROHHHX i\ p-B3amoo,ner.icTBlUlX B CpaBHeHHH C pp

3 
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3Ha'leIme '2 ch He 38.BHCHT OT THTIa pea:Kl1,l1l[ B llIl'qlOKOM ,J:(I!aIla30He ::mep

rHI. lIo.n:yqeHHM B HaCTOffilleM :3KCrrepKMeHTe BeJIlf'll!:Ha ?ch(i'ip)=o,50±0,OI, 

O.n;rraKO, CYuteCTBeHHO OTJIl11l:aeTCH OT cpe.n;rrero 3Ha'l:eHl'1H 2~h::t: 0,64 .n;.JIR: 

pp; j'ip, 7(p-H I\p-B3al-fM)~ef!cTBH1!: II?] • 

3. CPE,llHEE -q}fCJIO n"-ME30HOB B np-B3A.ID.«),ll;EI1CTBHflX IlPH 6,1 T:3B/c 

HHq,oPMallRJI 0 7i 
o 
-Me30Hax H3BJleKaeTCH, rJI8.BHHM Odpa30M, H3 ~H

HIiX no Odpa30BaHmD i -KBaHTOB. Ho rrOCKOJI:bKy B HaCTOflmeM 3KcneplI 

MeHTe He npOBO,r(HJIOC:b H3MepeIme K-KBaHTOB, OneHKa HeKOTOpHX cpe~

" HHX XapaKTepHCTHK i -Me30HOB B aHHHrHJIflUHOHHIiX H Bcex HeynpyrHx 

fi. P-B3aHMO.n;e:l!:cTBHHX npOBO,r(HJIaC:b Ha OCHOBaImH aHaJIH3a HHq,oPM8lum 0 

.n;OJIe rrOJIHof! 3HeprHH, YHOCHMOf! 'iaCTHU~ pa3JIl11l:Horo copTa, 

Cpe.n;rree 'iHCJIO 7i" - Me 30HOB MO.lKHO onpe.n;eJIHT:b H3 p8.BeHCTBa 

r.n;e ~: 
« E,/"> 

2:<nllo) .. 2: 
- .n;OJIH 3HeprHlI, YHOCHMM BCeMH 71"" -Me30HaMH, 

cpe.n;rum :meprHH O.n;HOro T/'-Ma30Ha) • OneHKa 

(3) 

an· :: <£:> 
-, l ..JS 

cpe~Hel 3Hep

"rHH O.n;HOro n-Me30Ha npOBO,r(HJIaC:b Ha OCHOBaImH .n;aHHHX no IC-~T co
o .. 

d~THHM C Odpa30BaImeM n B KOHe'iHOM COCTOHHHH. H3yqeHHe 3TKX Ka-

HaJIOB nOKa3anO, 'iTO OTHOmeIme Cpe.n;HHX :3HeprHH HeHTpaJI:bHHX ]I 3apH
.,.. I. ... 

J!teHHIiX T -Me30HOB <to> /<£1: > MOHOTOHHO paCTeT C POCTOM MHOJ!teCT-

BeHHOCTH OT 1,02 npH n =3 .n;o I, II npH n. ==9. Ha 3TOM OCHOBaHHH 

... 1. .. 
~ HeH3BecTHoro OTHOmeHl'1H <Eo >/<£,... ) B I-.n:yqeBHX COdHTWIX npH-

HHMaJIOC:b 3Ha'ieHHe I,oo±o ,02. JJ)m OneHIm cpe.n;Hei!: 3HeprHH o.n;rroro lIO 
_ 

Me30Ha BO Bcex n.p-B3aHl,~o.n;el1cTBWIX npe.n;rrOJIaraJIOC:b, 'iTO TaKHe J!te 

COOTHOmeHl'1H cnpaBe~B~ H .n;.JIR: OC-KaHaJIOB. 

B c.n:yqae aHHHrHJllllUWHHIiX COdHT11f! C'lHTaJIOC:b, 'ITO BCH "Hel1Tpa.Jffi- 

HM" 3HeprHH npKXO~TCH He ~OJlID yO-Me30HOB. 3TO rr03BO~0 onpe.n;e

... AHaJIOrH'lHHll MeTO.n; HCnOJI:b30BaJICH B pa60Te [IS]. 

6 

(np> 
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f t ~ 


I" 
 I' 

(~) °t ' , , .1I~(6.1) 

2 '!5P t7,3} 

,I't 
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It 

0'0 2 4 6 8 m 
nm 

Pac.I. 3aBRCHMOCT:b cps.n;rrsro 

'!:MCJIa 3ap~eHHIiX dapaOHOB OT 

MHOllt9CTBSHHOCTR. 

• aCE 

.,e.,HH. 

. " &", -0,1),1l.O9 
r-~"=-o.06to.,, 

.pp.... 
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is he) 

Pac.2. 3HSprSTH'l:SCKM 3aBHCM


MOCT:b cpS.n;Hsro 'iRCJIa npOTOHOB 


J4 3/"-MS30HOB B pp- J4 Iip-B3aHMO


~enCTBHHX. 

PRc.3. a - 3aBJ4CHMOCTL CpS~

HarO llOJIHOrO '!lICJIa 'laCT~ OT 

MHOlltSCTBSHHOCTJ4 B pp- R 

nP-aHHHl'HJI.flI(IDi; d - 3aBHCld

MOCn CpS.n;HSrO 'iRCJIa ,t°-MS

30HOB OT MHOlltSCTBaHHOCT11 

B pp- ld n. p-8HHar~; 
B - KOpp~ld MS~ CpS~ 

'!llCJIOM :1:." -Me30HOB 11 '!llCJIOM 

J:. -MS30HOB B Haynpynrx 

n.P-B3aHMO~sICTBHHX iI. n.P-aH
HBr~ npil. 6,1 TsB/c; 
r - SHaprSTJd'lecxas saBHCH

MOCTh napaMQT]a Xopp~ 

1>. CILI10IDHWi JIm1IilJl - npe;n;

CRasaHHa MO~aJIH XpaTil.qQCXO! 

~OCTld [ 20), n;vmtTB.PHBJI 

paCqeT no ~oPMYJIe (6) ~ 
Pp-aHHB.!'Jd.1U!Q;Wi • 
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JIH'l'J) cpe.lnlee "iHCJIO <nTo)B SaBHCHNnCTH 0'1' MHOlreCTBeHHOCTH SapmKeH

HliX "iaCTlIIl; B np-aHHRI'WISnUIH n]:IiI 6,I ThB/C (CM. TaM.2) • 

B cnyqae HeaHHH~OHHHX C06HTKft "iaCTJ) SHeprKH YHOCHTCH He~

T,POHaMH, aHTHHeAT,POHaMH H A-rHIlepCmaMH. }fCIlOJI1>SYJl (2), M:>lKHO 01:(e

HHTJ) cpe.lnlee "iHCJIO 7i~MeSOHOB B NA-npo1:(ecc,9.X (c TO"iHOCTbIO ,no BMe

,na A -"iaCTlIIl;). O,nHaKO npH STOM HeJIJ)SH IlOJI,'{'lHTJ) SaBH!~HMOCTJ) <.n .... ) 

OT n~n • nOCROJIbKy COOTHorneHHe (2) ~ OT,neJI1,HliX TOIlOJIO~ He BH

nOJIHHe'1'CH. TIOSTOMY MH IlOCTYIl~ CJIe.nyIOmHM 06paSOM. 

Cpe.lnlee "iHCJIO 6apHOHOB B C06H'1'KID: C MHOlreC'1'BeHHOCTl>1O n PaBHO 

( O?>J.... )<n s> :::. 2 (5~n n..' (4) 

III 

III 
0:x: 
0 
ro 
!!l 
I 

0 

K 
0 

r,ne Ce"ieHHH 
AI",

6.... R 
~ 

6' '" 
f 1

onpe)~eJIeHS B LI5 j" }fs '1'a6JI. I BH,nHO. "iTO 
~ 
~ 

Cp6~6 ,nOJIH 3H6prHH. npHXO~6CH Ha O,nHH npOTOH R O,nHH aH'1'Hnpo
Q) 

~ 
TOH,B npe,neJIaX 01liH60K PaBHH Me~ co60~ ~ Bcex MHO~eC'1'BeHHOC'1'e~. Q) 

P. <:.> 

TIOSTOMY M:>lKHO npe.nnOJIO~'1'J). "iTO B Cpe,D;HeM ,nOM 3HeprIm, YHOCHMaii ~ ~ 
O,D;HHM 6apHOHOM, He saBHCHT 0'1' ero copTa H paBHa ~:(s};:: tCf(p)'" 'i*(P))' 
"iTO IlOSBOMeT IlOJIy'qHTb SaBHCHMOC'1'J) <n,..)O'1' neh. H ,1I,llH Bcex HeynpyrHX 

np-BSaHNn,ne~c'1'~ (TaM.3). 

Ha pHc.26 npHBO,nH'1'CH SaBHCHMOCTb cpe,D;Hero "iHCJIa 71° -MeSOHOB 0'1' 

SHeprKH ~ aHHHrHJI.fLI(HOHHHX H Bcex HeynpyrHX KP-H PP-BSaHMO,neR

CTBHH. C6JIH:mHHe 3THX .nByx SaBHCHMOCTe~ npR MaJIl:lX 3HeprHHX npOHC

XO,nH'1' Hs-sa ,nOMHHHpYIQlllero BMa,na aHHHr:wrm.um. a Ta iKe TeH,D;eHI(HH npH 

~ ~ 8 ThB 06~HCHHeTCH yMeHbrneHHeM ,nOJIH aHHHrHJIHI(Im B nOJIHOM He

ynpyroM ce-qeHHH C POCTOM S. 

3aBHCKMOCTH cpe,D;Hero nOJIHOro "iHCJIa -qac'1'iIU H cpe,nHero "iHCJIa 71°_ 

MeSOHOB 0'1' nclt B H iip-aHHHr:ifJlln.Um npH 6JIHSHHX :mepI'IDIX. npH

~ 
<:.> 

i
Q)
:x: 
~ 
f:-<:x: 
Q) 

J:
(T) 

~ . 
N 

!
1.11 

E-< 

H 

lO 

lSI 
§' 

! 
~ 
~ 
A 
Ie: 

Be,neHHHe He pRc.3a.~,neMOHCTPHpYIOT YHHBepCaJIbHOe nOBe,neHHe. Koppe

.runum: MeW' C~.nHHM "iHCJIOM 
..

J -MesoHOB H "iHCJIOM OT,PlIIl;aTeJIbHliX -qac-

TlIIl; RCCJIe,nOBaJIHCb B CaMHX paSHHX IIpo1:(eccax. Ewro HaH,neHO, 'ITO OHH 
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lB ~ ~ §:: ;1;.. .. .. .. .. 
00000 
t'- (l') <.0 t' 
OJ C") N H 
000 0.. .. .. '" 
fr>-R-R-? 
<.0 ~ <.0 C")
OJ 0 H LD 
<.0 LD NO.. .. .. .. 
o 000 

N N H ~ 
N H N t' 
c!.c!.c!.c? 
-?-R-R-? 
N OJ t'- t' 
(l') <.0 H (l')
C") C") C") N.. .. .. .. 
o 000 

~ 8 lB ~ .. ... .. .. 
-Rfr>fr>-R 
LD t'- OJ OJ 
t'- C") <.0 H.. .. .. .. 
H H 0 0 


H C") LD t'- (l') 
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OnHCHBaIDTCH BHP~eHHeM 

<n,o) = a ... Bn_ , (5) 

B ROTOPOM Koa~eHT 8 SaBHCHT JJ:mlJb OT aHeprHH BSaHMO~eftcTBID!. 


HO He OT copTa CTaHKlffil3.lOl1lHXCH a,n;pOHOB [I9]. Ha pHc.3B rrpHBe~eHH sa


BHCHMOCTH <n7i -) OT rt_ )J,lIf! Bcex HeyrrpyrHX 11: aHHHrIDIJll.(HOHHhIX rip-Bsa


HMO~eftcTBID!:. arrrrpORCHMi1pOBaHHHe BHP~eHHeM (5). Koa<Mm~HeHTII 13 


1I0.n:yqwm:Cb paBHHMH IS tn -0, 06±o.II R g<\- = -0.73±0,09. 


B p~e pa60T OTMeqaeTcH. 'ITO aHepreTKqeCKaH 3aBHCHMOCTb Koa~ 

g xoporuo OITHCl1BaeTCH MO~eHbID KpHTHqeCRO~ ~OCTH TOMa

ca [20]. I1PH aTOM ~MaeTCH Bb!BO~ [19]. 'ITO OTp~TeHbHHe SHaqeHHH 6 
rrpH M8.JIItX aHeprHHX CB~eTeJlbCTBYJOT 0 rrpe06H~aIDll.(ett POHH KHl!eNfaTH

qeCRHX" KoppeAffUHfi. a rrpH BIICOKHX aHeprHHX. r~e ~ > 0, rrpeodH~aID

ll.(HMH CTafIOMTCH ,Il;HHaMJr'!eCKHe ROppeJl.flll;HH. Ha pHc.3r rrpHBe~eHa 3aBH

CHMOCTb Roaqipm~HeHTa B OT aHeproB~eHeHHH Ea (.,f$' ;IJ,.7IH aHHHrJ.tJIRll.IfH 

H "jS'-mQ.-m, )J,lIf! HeaHHHrlfAffUlm) B pa3HKqHhIX a,n;pOH-a,npOHHHX co

y~apeHHRX. CnnOruHaH RpHEaH COOTBeTcTByeT rrpe~CRa3aHHro Mo~e~ £20]. 

BH~HO. 'ITO aHHlfrJ.tJIRll.HOHHl1e ~aHHl1e HEHO He YKH~TCH B rrpIfBe~eH

HYJO Blillle cxeMY; RoaiMJHITlfeHT 6 ;IJ,.7IH HHX Heji(lfT CYllleCTBeHHO ~. qeM 

)J,lIf! Bcex .n;pyr.IfX rrpoueCCOB. TaRoe 1I0Be~emre MOliceT 611Tb. HarrpHMep. 

CHe~CTBlfeM MaJIOH OTHOCHTeJI:bHOfi ,lUfClIepCHH d. D/<n> pacrrpe~eHeHID! 

1I0 MHOlKeCTBeHHOCTIf B aHHIfI'HJIHUHH [21]. 1(eti"cTBHTeH.bHO, rrplf rrpOCThIX 

rrpe~OJIOJKeHHRX 06 HCrryCRaHHH Me30HOB pa3HKqHOrO 3ap~a B PPa KO

aqipllU1eHT 6 B lIapaMeTpH3aIurn (5) BHPaJKaeTCH cne.lJYlOll.(HM 06pasoM [221 : 
e,,, ((-+ ~<n-»)/(f2--+ <n_» , 

H.Jl}!.IVlfI l1N -aHHIfI'IfAffUHH C CYMMapHllM Ha'IaJI:bHI1M 3ap~OM Qo : 

Q" _i~_ (6)f> = i'" - <n )d.2 , 
<h 

OTKy~ B~O. ~TO qeM y~ pacrrpe~eHeHHe rro MHO~eCTBeHHOCTH. TeM 
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MeHl>me Be.1IH'!HH8 6 • C POCTOM 3Heprm!: <nc.h) paCTeT, a d OCTaeTC.R: 

IIp:II6Jm3:IITeJThHO IJOCTO.R:HHHM (KHO-CReMJIIulI') :II, CJIe,ll;OBaTeJI:bHO, (3 - I. 

3a.miCm.DCT:b {6) npHBe,ll;eHa Ha pHc.Sr nyHRTRpOM (.D:Be .Jm:l!lm IIpe,ll;CTaB

JlIlJOT ROPH.D:OP oUIH6oR) H xopomo OmlCHBaeT HSMeHeHHe XapaRTepa Roppe

JIRUHi B p~aHHHr~ C POCTOM 3HeprHR. 3aMeTHM, 'ITO KHTepnpeTa

IJ.H.R: OTPHIJ.aTeJI:bHllX 3HaqeHItit B ,lI,JlH PPa RaR KHHeMaT:lJqeCRHX RoppeM

IJ.HR Me1l\nY qHCJIOM liD- 1'1 li~ -Me30HOB rrpe,ll;CTaBJLfIeTC.R: OOMHKTeJI:bHOi, 

rrOCKOJThKy- orpaHHqeHHe <Pa30BOro o6'beMa ,ll;OJI.llQiO CRa3HBaTbCH B a.mm:rH

JI.R:IJ.HOHHI:I.X IIpOIJ.eooax npH MeH:blllHX 3HeprH.R:X, '\IeM B HeaHHHrHJI.R:ll.ROHHHX, 

a p.lw.Sr IIORa3lmaeT 06paTHoe. 

4. PACIIPl~,lJ.EJIEIDifI ITO nOIIEP1'IffiOMY mrnY.JIH:Y 

Cpe.D:HHe xapll.RTepHCTHKH pacrrpe,ll;eJIeHHi SapIDKeHHbIX qaCTKlI; no 1I0rre

pe'\IHoM,Y :IlMIlYJI:&0Y B HeyrrpyrHX np-B3aHMO,II;eiicTBHflX rrpH 6',1 rsB/c rrpH-

Be,ll;eHH B Ta6JI.I. CpaBHeHHe C PP-,II;aHHIiMK IJpH pa3.1IH'!HHX SHsprH

srxLIO, 16 ,23) nOR8.3HBaST, "lTO'::' Pt'.> ~7r-MS30HOB npaRTR'lSCIm HS H3MSHH

eTCH, OCTaBMC:b Ha ypOBHe 0, SI±o,01 ThB/c. B TO BpeMli KaR.D:JI.R: rrpo

TOHOB(MTHIIpOTOHOB) Ha6JIJ<J.D:aeTCH POCT OT <Pt'>P<li) = o,Sr-o,OI !'aB/c 

rrpH HallIeit :meprHH ,11;0 <Pt> pCP) = O.46±0,OI !'aB/c IJpH 32 !'aB. 

Ra pHc.4 H306paJKeHbI dO' / d p! -pacrrpe,ll;eJIeHH.R: 11 ± -Me30HOB (a), rrpo-

TOHOE H aHTHrrpOTOHOB(6). 3TH pacrrpe,ll;eJIeHH.R: 6bIJIl'1 napaMeTpH30BaHH B 
2 . 2HHTepBaJIe p~ ~ I (!'aB/C) BbIpaJKeHiUIMR 

1. d<s =-..i. e - 6P: (7) 
6 clp: 1 

0/.. -81 p! -g~p!.!. cll5' ':. --e + e , (a)C5"dp; 11. 1.2, 

dcr A exp {- ~tn~ p/ } (9):0 

d.p: 
r,ll;e I, 11., 12, - Hopr,mpoBO'IHhle HHTerpaJlH; S, gi., g~, cJ., 1'1'\, i, A 
cBo6o,nHHe rrapaMeTPHI. BwpameHHe (9) nOHBJLfIeTCH B TepMO.D:JIlHru~ecRHX 

12 

MO,ll;eJI.fIX una [241 • Pe3YJThTaTbi arrnpORCHMall.J.m p~ -pacrrpe,neJIeHHi 

a~oHHHX, HeaHHHrHJIRll.l'IOHHbIX H Bcex Y -Me30HOB, a T~ IIpO

TOHOB K .aHTmIpoTOHOB rrpHBe,neHbI B Ta6JI.4. BH,WiO, 'ITO !Jx:>PM,YJIhl (a) H 

(9) .D:aIDT rrpH6JIR3HTeJI:bHO O.D:HHaROBOe OIlHOaRHe n~-CrreKTpoB, a.D:JI.R: 


p(p) d5/dp! ,ll;OCTaTOqHO xopomo OIlHCHBaeTC.fl H BbIpaJKeHHeM (7). 


Haml'llle .D:BYX HaKJIOHOB B pacrrpe,ll;eJIeHH.R:X 7i -Me30HOB rro p! Ha6.:n:Jo... 

,naeTCH Be Bcex THlIax ~OH-a.npOHHHX B3aHMO,ne~cTBHi npH pa3JI:lJqlibIX 

3HeprHJIX. B pa60Te [25] 3TOT <PaRT CBfl31IBaeTCH 0 CYll1eCTBOBaHHeM .D:BYX 

MeXaHH3MOB 06pa30BaHHfl rrHOHOB: po~eHHe 3a CqeT paclI~a pe30HaHCOB, 

ROTOpoe OIIHCHBaeTOH a~CIIOHeHToR C 60JI:bUIHM IIORa3aTeJIeM, 1'1 rrpHMOro 

po~eHH.fl C YHHBePCaJI:b!ibiM rrapaMeTpoM HaKJIOHa ""3,5(ThB/cy2. O,nHaRO B 

HeROTOJ;>bIX ,l:ijJyrHX pa60'I'ax (OM., HarrpHMep,[I6]) 6wro IIORa3aHO, 'ITO BRJIa

,ll;a H3BeOTHHX pe30HaHCOB He,ll;OCTaTOqHO ,lI,JlH OIIHcaHHfl ,nByX HaKJIOHOB B 

dold pI.-OlIeRTPax mlOHOB. ITO-BH.D:HMOMY, 60JIee peaJIHCT:lJqHHM HBJLfIeTCH 
i; '2. 

06'bflCHeHHe !Jx:>PMbI p~-pacrrpe,ll;eJIeHItit RaR CJIe,nCTBHH TepMO,nHHaMH'J8C

ROro xapaRTepa OlIeKTpoB n -Me30HOBr241. 

KaR :II B pp-,naHHbIX, lIapaMeTPbi HaKJIOHa ,lI,JlH aHHHI'HJl.RlT.HOHHbIX 7f -Me

30HOB OKa3aJIHC:b HeOKOJI:bKO MeH:bllle, qeM,lI,JlH HeaHlrnr:i!.ll.fllJ;JWHHbIX, a cpa,n

Haa 3HaqeHHe rrOlIepeqHoro HMITyJI:bCa COOTBeTCTBeHHO 6oJI:bllle: <Pot.)~:!: == 
IVA 

",0,322%0,003 raB/c, <Pt.) 1i:!: == 0,291%0,004 raB/c. 

Ha pHc.5 H306paJKeHa 3aBHCHMOCTD OT X ope,nHHX IIOIIepe'lHHX HMIIyJTh

COB mlOHOB, npOTOHOB H aHTHnpOTOHOB. B pacrrpe,neJI8HHHX ,lI,JlH IIHOHOB 

OTqeTJIHBO BH,neH aqxpeRT "qaJi:KH" (RaH ,lI,JlH A, TaR H,lI,JlH NA 7" -Me3O

HOB); IIpH 3TOM nOBe,neHHe B np-B3aHl,'K),ne~CTBHRX rrOJIHOCTDIO corJIacyeT

C.R: C PP IJpK a,a raB/c [10]. B IIpoTHBOIIOJIOXHOCTD 7i -M830HaM «Pt) 


IIpOTOHOB (aHTHrrpOTOHOB) HMeeT MHHHMaJI:bHOe 3HaqeHHe rrp:II x -+ -I (+1). 


KaK H3BeOTHO, TaRM SaBHCHMOOTD <Pt) OT X ,lI,JlH nHOHOB MOJlieT 06'bHC


HHT:bC.R: pa3JIH'iHIiMK rrp:lJqHHaMH [26-27], HarrpHMep CTPyiiHbIM xapaRTepOM 

B3aHMO,II;eRcTBmi (IJpH BHCORHX aHeprHHX) HJIJIl pe3YJI:bTaTOM pacna,n;a pe

30HaHCOB. 
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6 5. }JIf<W!EPEHUJWIhHHECElIEHIDI 3APHlKEHHHX llACTI1U 

TIO IlPO,nOJIhHHM IIEPEMEHHHM 

HHBapKaRTHHe x-pacrrpe~e~eHHH 

1 J .. d
2

6 2fix) = TI-p* E d -d 2 dPtmax x Pt 
.n;JISi IIpOTOHOB R aHTKrrpoTOHOB H3 HeynpyrKX n. p-B3aID1lO~et!:cTBHil: B cpa-

BHeHKK e fp(l<) K3 pp-~aHHHX rrpR 7,3 raB/et9] rrpXBe~eHl:l Ha pRc.6. 

3TH paerrpe.n:eJIemur HMem OT'ieT~BI:lil: iliParMeHTBURoHHHl!: xapaxrep. o~

HaltO .lJ;lI(PParo.I.HOHHIDi. runt B HKX BHPaJKeH cJIaoee. 'leM rrpK 60JIee BHCOKKX 

aHepI'WIX [16,23,28] • 

Ha pRc.7 K306paJKeHl:l HHBapHaHTHl:le x-pacrrpe.n:eJIeHKfi F -Me30HOB 

.n;JISi Bcex HeyrrpyrKX (a) K aHHHrHJUlI.J,HOHHI:lX (0) Fip-B3aID1lO.n:ei!:cTBKil:. 3TH 

pacrrpe~eJIeHKfi anrrpoKCH~B~Cb B 06JIaCTR iliParMeHTauKK rrpOTOHa 

-0,8 < )( < -0,3 H3BeCTHI:lM BHPaJlteHHeM 

f (x) = A (1 -Ix l) n , (IO) 

B03~ B KBapK-rrapTOHHHX MO.n:enRX. Pe3YJIbTaTH anrrpOKCHMaUHH 

rrpKBe.n:eHI:l B TaM.5. Pa3HIDJ;a 6 n ... n",..-n" 3aBKCKT OT ~a.n:a rrpouec

COB C aRHKrHJUlI.J,Heli pa3JIWmOrO '.J:KCJIa m rrap KOHCTHTYeHTOB [211 : !:J n 
:m. 12, K .n;JISi BHCOIlliX aHeprHH .n:O.JDKHa cTPeMKTbCfI K a,s (rrpH aTOM B 

)JJ1M aHKKrwmpyeT TO~bKO "CTPYHHI:lA Y3eJI" [7]), a ,llJf.f! MaJllU: aHeprKA 

A n ~ 1+1.5. 'ITO corJIacyeTcfl C HauIKMK pe3YJIbTaTaMK: 

.6. ~.= I. 9±o. 7 ; A n A _ = I • I • 

TIPK aTOM CaMK 3Ha'Iemur n",,, rrOJIY'I~Cb HeCKOJIbKO BHWe o~aeMHX H3 

KBapK-rrapTOH,HIlX. MO~eJIeft: n. "'" 3 .n;JISi iliParMeHTBUHK u(d) .. li+Z n~ 4 

.n;JISi cpparMeHTau:HH d(u)...., r l21 .29], "iTO cKopee Bcero CEfl

3aRO C orpaHKqeHKeM ~30BOro OO~eMa rrpH HH3KKX aHeprHRX. 

Ha pac.8 H306paJi(eHl:l HHBapYiaHTHl:le cTPYKTYPHI:le qJymcuHK f (:/*) = 
=i . ;:. 3apMeHHHX "iaCTIDJ;. 113 G-I1HBapHaHTHOCTR n.P-B3aHMO~eHCT-
Bd CJIe.n:yeT, "iTO )J.JUI HijRJ[]()3uBHI:lX crreKTpOB <y~) = 0, B TO BpeMA:

1i 

16 

6 

4 

2 

t. f. 

PHC.G. 

R BHTHIr,pOTOBOB B HeyrrpyrKX 

ii p-B3B./dMo.n:eAcTBHBX. KpKBa,ff 

rrpOTOHI:l S3 Pp-B3aHMO~eAcTBHi 

rrpH 7,3 rsB/c(9). 

;ps· :f.'f.· 

• p 
'rr + a~J. ."- I : "~ rr~ 8t It 

• p 

r.. 

~J IU 

,-,wi 
PRc.7.ilHBapRaHTHHe CTPyRTypHl:le 

~KJr-Me30HOB B HeynpyrRX 
(a) R aHIDII'.wrmJ;I!OHHllX (6) 

~P-B3aHMO~eAcTBHRX. ilp.A:MHe 
II \ , • JilOOlK - WHT BI:lpalltelll!eM (IO) • 
t. ,1!If'I~ I I 

A 61'C"I'>.'C 

" It 
" t 

ff+ , I
I 

+ 
fIt, Nil 


. t ~ t 

.... 1. 

j' t+ +tf 


j t III t t ! 


II 


! 

~2ur,",', Iv' 

, Pac.9. OTHomeHHe ~~pe~~, 
HHX ce'leHH.l1 3apRlteBHHX.{'-Me30

HOB B aHIDII'~OHHIiX .II HealiHl'i 

r~OHHHXA P-B3aHMO~elcTBBRX 
B SaBHCBMOCTR OT X~STS none

pe~oro HMDY~ca R 6HCTPOTH.
2. 

I~ I ~I I 

I'I 
0. 2. -2. 0. 2. 

y' CnnomHHe R TO'Ie'IBHe xpHBHe ~e
PRc.8. HHBaPRaH'1'BH9 Am»ep9H MOHCTPHpYDT xo~ 3XCnepHMeHT~
ItKa.I.ll.BHe Ce'IelmB'. 3SpmteHHIiX BHX .n;ammx: B 'pP-B38.i1l10~eACTBWIX 
-.mCTllI{.B n.P-BsaJDlO~eACTBiUIX DpR 8,8 R 7,3 rsB/c COOTBeT
np.II 6,1 rsB/c. CTBeHHO. 
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Ta6JI.5. II01ta3aTeJIl> CTenemI crra,n;aHHR n. CTPYKTYPHl:lX WYmmHA f (x) 
n.

=A (i-Ixl) '[ -Me30HOB 13 KP-B3aHMO.IJ;eticTBlUIx B OOJIaCTH 

-0,8 < X <. -0,3 

1"+ T

ilp \'\. 1." iN)F h... l. l f,vN 

Heyrrpyrae 2,48 ± 0,18 6,6/10 4,36 ± 0,41 9,3/7 

AHHHI'HJI.fIll;PlJI 1,9 ± 0,3 0,95/4 4,0 ± 0,7 1,6/4 

HeaHHRrH.JI.lTIUI,fI 3,8 ± 0,6 6,4/4 5,1 ± 0,9 3,8/3 

Ralt ,lJ,JUI nOJIylfHK.lII03HBHl:lX cneRTpoB 7r -Me30HOB aTO, BOOOme rOBopH, 

HeoOH3aTeJIl>Ho. B TaoJI.6 rrpHBe.IJ;eHH cpe.IJ;HHe 3Ha'leHHR H WHpHHH rrony

HHKJII03HBHHX ':}* -pacrrpe.IJ;eJIeHHti n±-Me30HOB, rrpOTOHOB H aHTHrrpOTOHoB 

13 Heyrrpyrn np-B3aHMo.IJ;eHCTBlUIX rrpH 6,1 raB/c. BR,lJ;HO, 'ITO B rrpe.IJ;e

JIax OlllliOOR H nOJIYllHKJIlO3HBIrue CTPyKTYPHHe WYmmHH 7r -Me30HOB CHM

MeTpH'lHH B ClUf, a lIll!pHHa 3THX pacrrpe.IJ;eJIeHHH YMeHl>lliaeTCH C POCTOM 

MHOXeCTBeHHocTH. ilOCJIe.IJ;Hee MO~eT OHTl> CBH3aHO c orpaHH'leHHeM ~30-

Bora oO'])eMa. y"*-pacrrpe.IJ;eJIeHlUI ,lJ,JUI p(p) C POCTOM n <:1\ CTaHOBHTCI'I 

60JIee "u;eHTP8.Il1)HHMH"; nO-BJUJ.HMOMy, 3TO OOYCJIOBJIeHO rrpeHMYlIIeCTBeH

HHM BKJIa.I\OM ,I\HippaKlJ;HOHHHX rrpoueCCOB 13 COOHTlUI C nch.:: I H 3. 

PHc.9 .IJ;eMOHcTPHpyeT OTHoweHHe ,I\HqxpepeHUHaJIl>HHX ce'leHlrlt 11 -Me

30HOB OOOHX 3HaKOB B aHHHrHmITUl:OHHl:lX H HeaHHHrH.llffi~HOHHIlX np-rrpo

u;eecax rrpH 6,1 fuB/c 13 3aBHCHMOCTH OT It l~"l . KPHBIlMH Ha aTOMP: 
PHCYHK8 nOKa3aHH TaKHe ~ OTHoweHRR ,lJ,JUI pP-.IJ;aHHl:lX rrpH 7,3 .II 

8,8 raB/c[9-IOJ.BH.IJ;Bo,'lTO .PI 13 ~p-,R B pP-B3BRMO.IJ;eitcTBHaX ~ BH

HHrRJIRUKH B nOJIHoe HHK.lII03HBHOe CeQeHH8 pO~8~ "-Me30HOB pacTeT 

c POCTOM p;. IIpIt aTOM KO.mr<!eCTBeHHoe pa3.mr<!He cBH3aHO e oOJIl>wel 

.IJ;OJIeit a.mm:rwmr.um B np rrpH 6,1 raB/e (-40% LI51), '18M B pp rrplrt 

8,8 fuB/c (-32% (101) • B 3a.BHCID.I)CTH OTHOllleHRl1 6.,AflS;A OT IY*\.MOlt

18 

8 8 ~ ~ 8 
~ ~ ~ . 

o 0 0 0A I +1 +I +1 +1 
0)
.r.u)o)Nu) 

00 t:- t:- U) t: ~ 
o 0 0 0 0 

L. C"')C"')C"')O) N 
Ii"' a 0 a 0 a

(\ ........ 
~ I .gE~.g E 
V q q q q 0 

o 0 0 a aI 
1 

:Il 1 1 

PI lONNC"')O) N 
00000 a 

::r 	 fi.f:i.f:i i i .f?
""' "" ~. No)HlOH "'" 

0) 00 00 t:- U) 00~ 	 .. .. .. .. .. 
o a 0 a 0 a 

i .j

l-'> :3~~8gj:::l
Q) 

(' fi ti .Ii .f:i i w! m ::so ~o:::l:::lt:; 8 
ro 

o " 00000 0IllS: , 	 1 1 
ISII:Q
:Il ro 	 C"') C"') U) N 


000 0
. . ~~ 	 ~ 

~ ~ 
Q)U) rA I -f? tt tt I ~ 
§t1Sl L; 	 "'" C"') N "'" 

000 a ~ §t 
10.. C"') C"') U) N?'t;! 000 0

'Ill» lSI /'. . ~ ~ 

• 0 0 0 afl .-. I +1 +1 +1 I +1 ... - N t:- U) U)~~ V u)C"')N lO 
lSI Q) 

o a 0 a""'o ~0 


N NC"')O) N
~! o 	 a 0 0 a.. .. .. ..""' ro ROO a 0at fA a 	tb ~ t!. I tk 
~t.s:: L'7 "'t""''''''''''' "'" 

o 0 a a 0 

0.. C"')NC"')O N a 0 a H a
A ........ 


o 0 a 0 a 
U) it< +1 	 +I +1 +1 I +1:ro 000000 00

V t:-~HH to 

crcrcr o crJ 
~ 

s::! H C"') t:- WLO 0) 

19 

http:a.mm:rwmr.um


HO Bll.lleJIHTb '!'pH paSJJlf'nrne 06JJaCTH: ueHTp3JI:&HM (Iy"\ < I), qiparMeB

TaIJ;HOHHM ( ly*1 > 1,8) H rrpoMelliYTO-qHM (Iljll\o.: 1,5). Eo qiparMeHTa

nl'iOHHOH 06JJaCTH Bce aKCrrepHMeHT~bHHe ~aHHHe cOrJJacYIDTCH ¥e~ co

6oa. C YMeH:&weHReM Ha-q~:&Horo HMITyJJ:&ca Ha6~~aeTcH SaMeTHHA POCT 
A!. NA 

OTHOllleHllH Or. ,1S7T B ueH'!'paJ]l,HOI 06JJaCTH H IIOff13JJ.HeTCR IIpOBaJJ B 

rrpOMelliYTO-qHOH 06JJaCTH. TaRoe IIOBe~eHRe MO~O 06~RCHRT:& BJlRHHKeM 
+ 

peSOHaHCOB Ha n--cneKTpH B aHHRrKnRUHOHHHX H HeaHHRrHJlRUHOHHHX 

rrpoueccax. neHCTBHTeJJbHO, 06KHbHoe 06paSOBaHHe MeSOHHHX peSOHaHCOB 

(p, W, f) B fi P-BSaHMO~eHCTBHRX lIpH 6, I ThB/C [80] IIpOHCXO,&XT npaR

TH-qeCKH nOJJHOCTpID B aHHHrKnRUHH (a~KTHBHHA nopor o6paSOBaHHR 

pO-Me30HOB .... 6 raB/c [I]) , a IIpO.1JY1tTH HX pacna.n;a nona.n;aroTB PPNA 

HMeHHO B 06JJaCTl;> ~ Iy*J. B TO JJte BpeM/t 11 -Me30HH OT pacn~ 

A -Hso6ap (o6paSYIDIqIDCCH, eCTeCTBeHHO, B NA -IIpOueccax) KMeIDT He
, 	 I I It\CKOJJbKO 60JJl'illme. SHa-qeHKR y , T. e. rrorra.n;aroT B IIpOMelliYTO-qHyID 06

JJaCTb. llBa aTHX ~Ta Ra.lieCTBeHHO 06'hHCHRIDT nOBe~eHHe cs"/<s"'''' B np
T 	 7r 

~aHHHX IIpH 6,1 ThB/c. C POCTOM aHepI'HK YMeH:&maeTCR ~OJI.fI MeSOHHHX 

A u..peSOHaHCOB, o6paSYIDtqHXCR B aHHHrKnRUKH (TaR, IIpH 8,8 raB/c ~p./~p.z 

~ 0.7 [roJ), -qTOIIpHBO,&XT K Ha6Jm~aeMOMy YMeH:&wemoo OTHOWeHKR 

"/ /If'"5 11' 0"7r B UeH'l'pe. IToBe~eHKe JKe EO qiparneHTBlUI'OHHOA 06JJaCTH CBRSaHO, 

Ta6JJ. 7. 	CpaBHHTeJJ:&HHe XapaKTepHC TKKlt $: -MeSOHOB .!VIR aHHHrKHRnH

OHHHX H HeaHHHrKJlRUHOHHllX IIpOueCCOB 

<rt> ~ <P,.'> (r,,"~) ~--n'j: t1 

A$'+ 2.74±O,08 O,362±o.004 0,330-+0 ,004 O,8r±o,03 r,9±o,3 
r.I9±o,04 O,I50±O.005fNA O,29I±o,OO5 O,89±o,03 3,a±o,6 

A r,74±o,05 o,2II±O, 004 O.306±0,005 O,??±O.03~ 4.0!0.71
O,46±o,02 o • 056±o ,002 °,292±o,007 O,83±o,04WA 5,r±o.9 
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rJJaBlillM 06paSOM, C IIpHMOpoJK,I(eHHHMH 7i -MeSOHaMK H O'!'palKaeT TOT <l>aKT. 

liTO aHHHrHJlRUHOHHl:le IIHOHH 60JJee JKecTRHe. -qeM HeaHHKrH.JlHllliIOHHHe 

( ~ 4--pacrrpe~eJJeHHe .!VIR HHX lllHpe [11) • 

B 3aKJm'IeHHe B Ta6JJ.? CBe~eHH BMeCTe HeKoTopHe cpaBHHTeJJbHl:le 

XapaKTepHCTRKl<l Ii -MeSOHOB .!VIR aHHHrKnRUHOHHHX H HeaHHRrH.!.lffiU'!OHHHX 

fi p-IIpOueccoB lIps 6,1 rsB/c. 

6. 	Bl:ffiO.IUi 

B HacTO~e~ pa60Te nOJJY'IeHH cJJe~mHe OCHOBHHe pesYJJbTaTH: 

I. 	Cpe~ee -qHCJJO IIpOTOHOB Ha O~HO HeaHHRrH.lIBIl,KOHHOe np-BBaKMO~ett

CTBHe <n.p)= O,62±o,05, 'ITO B'" 1,2 pasa 60JJbIlle, -qeM B pp-BsaH

Mo~eHCTBHHX !!pH 6JllisKKX SHeprHHX. CJJe~OBaTeJJbHO, ~OJJH p...n nepe

sapR,I:lI(R MeH:&me. 

2. 	Ha OCHOBaHKH aHaJmsa cpe~HeH ~OJIH SHeprHK, YHOCKMOH -qacTHUaMH 

pa3Jm'IHOro COpTa, nOJJY'IeHH oueHKH cpe~Hero -qHCJJa H°-MeSOHOB BO 

Bcex Hey!!pyrwc H aHHHrKJIHUHOHHHX n.p-BsaHMo~eHCTBH.HX: 

<n7\O)i.n.= I,56±O,22; <nxo >A 2,56±o,IL 

3. 	HCCJJe~oBaHI:I KoppeJlRUHK Me~ cpe~HHM -qHCJJOM l./°-MesoHoB H -qHC

JJOM sap&meHHHX -qaCTHU. IToKasaHO, 'ITO OHH OITHCllBaIDTCR JJHHeHHott 

SaBHCHMQCT:&JO <RAo> '" a.~g·rt_c Kos@Mu;HeHTaMa g<.n.. =-O,OS±O,II 

H 6A 	 = -O,73±O,09. 

4. 	ITOJJY'IeHH H HCCJJe~OBaHbl O~O'IaCTH'IHHe HHBapHaHTHble cneK'!'pll lir_ 

Me30HOB, IIpOTOHOB S aHTHIIpOTOHOB B Heynpyrwc np-BSaHMO~eAc'l'

BWDC lIpH 6.,1 rsB/c. ITORa.3aHO, 'ITO 

a) x-pacIIpe~eJJeHru:r 7{ -MeSOHOB EO qiparMeHTBlUI'OHHOA 06JJaCTS OIIH

CHBaIOTCH BllpaJlteHReM f(x) '" (t_lltl)rl, ITpHlleM pa3HHUa on En -n _ 
T;t "'.... 	 A 

-r,5±o,6, ~TO corJJacyeTcR C KBapK-napTOHHO~ KapTHHott aHHHrHJlRURH 

lIpS ~ sHeprHHX; 

6) B COrJJaCHH C jip-~aHHHMH IIps 6JJRSKHX HMJIYJJ:&cax ~OJJH aHHlU':I!!-

JIRIOm pacTeT C POCTOM p!; 
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AI 	 *\"'AB) B OTHOmeHIHI 6~ 15 HaOJIJO.n:aeTCfI IvmHHMYM npR IY =1,5, KO-
n 	 " 

TOPHH Ka~eCTBeHHO OO~HCHfIeTCfI BKn~OM Me30HHRX If oapHoHHRX pe

30HaHCOB B aHHKrMA,FIUHOHHHe H HeaHHHrKnmijiOHHHe KaHarrH COOTBeT-

CTBeHHO. 
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H3~8TenbCKHH OT~en 06be~HHeHHOro HHCTHTYT& R~ePHbiX Hccne~OBBHHI 

6aT~HA 6.8. M AP· Pt-87-22 
0CHOBHwe "epTW MHO*eCTBeHHOrO ofpa30BaHHA 4aCTHq 
B HeynpyrHX iip -&3aHMOAei1CTBHAX npH HMnyJlbCe f., I r3B/c 

Ha ~ei1 cTaTHCTHKe 11000 dp-e3aHMOAei1cTBHi1, nony4eHHwx npH o6ny4eHHH 
*HAKOBOAOPOAHOH ny3blpbKOBoH KaMepbl "n10AMH11a11 cenapHpOBaHHbiM ny4KOM aHTHAei1-
TpOHOB C HMnyJlbCOM 12,2 r3B/c, HCCJleAOBaHbl HeynpyrHe Dp -B3aHMOAeHCTBHA npH 
6,1 r3B/c. XapaKTepHCTHKH lip -e3aHMOAei1cTBHi1 onpeAeneHW npH aHaJIH3e peaKqHH 
dp ~ jj 

8 
+ X . npHBeAeHbl OAH04aCTH4Hwe HHKJ1103HBHble cneKTPbl ,:t.Me30HOB, npoToHoe 

H aHTHnpoToHoe. HccneAoeaHw KoppenAqHH Me•AY MHo•ecTBeHHoCTAMH w0-Me30HoB 
H 3apA•eHHbiX 4aCTHq. Ha OCHOBaHHH CBOHCTBa G-HHBapHaHTHOCTH Dp-&3aHMOAei1-
CTBHH BbiAeJleHw C06b1THA aHHHrHJlAqHOHHOrO KaHana H nOJ1y4eHw HX OCHOBHble xapaK
TepHCTHKH. npoBOAHTCA cpaSHeHHe_x-, y*- H p~-cneKTpOB -..-Me30HOB AJIA aHHHrH
JlAqHOHHWX H HeaHHHrHilAqHOHHWX Dp-co6wTHH. nony4eHHwe pe3yJ1bTaTW CpaeHHSaiOTCA 
C pp-AaHHbiMH npH 6J1H3KHX 3HeprHAX. 

Pa6oTa awnOJlHeHa B na6opaTopHH BbiCOKHX 3HeprHH OH~H . 

OpenpHHT O~l!lllloro llllcnrryn.Jillepou.o: IICCJIQoBaHHli . .lly6Ha 1987 

nepeBOA O.C.BHHorpaAOBoH 

Batyunya B.V. et al. Pt-87-22 
General Features of Multiparticle Production in Inelastic 
Dp-lnteractions at 6. I GeV/c 

Inelastic up interactions at 6. I GeV/c have been investigated on the ba
sis of -11000 dp events coming from the from the 2m HBC "Ludmila" exposed 
by RF-separated antideuteron beam with 12.2 GeV/c momentum. The characteris
tics of the DP -interactions have been obtained by studying the dp .. p8 +X. 
reaction. One-particle inclusive spectra of,±, p and p are presented. Cor
relations between average • 0 -numbers and charged multiplicities were also 
studied. Using G-invariance of iip reaction the annihilation events have 
been extracted, and their general characteristics have been determined. Com
parison of •-mesons x- ,1•- and p~-spectra for annihilation and non-anni
hilation events is made. The results obtained are also compared with pp-data 
at close energies. 

The investigation has been performed at the Laboratory of Hi9h Energy, 
JINR. 
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