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SUMMARY 

The aim of the given study is in clearing up an applicability of 
the one-pion exchan!:e model (OPEM) /4/ to reaction (1) in the initial 
proton energy regior. with its lower limit near 660 MeV, by comparing 
the calculated diffErential energy spectra of pions with the experimen
tal ones. Such expeJimen;as 22formation was collected during 1956-1969 
at JINR, Dubna(see 1 efs. l - I), the .n+ -meson spectra being measured 
in the wide region cf the lab.angles,namely,from ei =19.5° up to e~ = 
160° and it can be Expected to be sensitive to the assumptions of the 
OPE model. 

Section 1 cons:.sts of the introductory remarks on the OPEM ideas 
and their previous ,·erifications. In Section 2 the notations relating 
to reaction (1) are introduced and the relativistic kinematics of the 
pions is given. Infection J we give the general expressions for the 
differential energy spectra of the particle q (expression (10)), and 
expression (11) in v·hich the integration variables are explicitly shown. 
The OPEM squared mairix element of reaction (l),corresponding to the 
four Feynman diagrEms in Fig.l, is given by expressions (12)-(J9). It 
was calculated undeJ· the following approximations: i) in all four-tail 
vertices of the diai~ams in Fig.l the input of the states with I=J=J/2 
is only taken into ~.ccount and an amplitude of the physical JJ-resonan
ce of the

1
f

1
H scattl:ring is approximated by the Breit-Wigner type for

mula (JJ) I; 11) i.he interference terms from the diagrams 1 and J, 2 
and 4 are neglected. The matrix element contains the so-called "pion
nucleon formfactor• G(K2} depending only on the transferred momentum K2 

(i.e. 1:2 or t 2 giveic by (29) and (JO)). 
The most impori.ant consequence of the OPE model is the statement 

that if this model 1•ere applicable, the experimental data must be consis· 
tent with the calca.ated ones at different initial energies in the gi
ven region using evt,rywhere the same formfactor G(K2 ). 

The results of our computations are given in Figs.2-li and their 
description is giveH in Section 4. In Figs.2-9 the solid curves 1 reP-
resent the results :·or the values d.~/ d.~ d.Q~ calculated with 
T(K2 ) given by (J5>-(J7) and the formfactor G(K2 ) given by (J9). Dashed 
curves 1 are the renults calculated with (J4) and (JS). Solid and dashed 
curves 2 represent i.he corresponding results when one puts 6~s =const. 
Curves J are phase npaces. To restore the absolute values of the expe
rimental data and cLlculated curves 1, their values at the maximum of 
spectra are listed =~ Table II. Comparing the calculated spectra and ex
perimental ones giv"n in Figs.2-9, one finds good agreement with experi
ment at energies neLr T = 660 MeV J if the form:f:actor G(K2 ) = 9 ,?-'/(K2 + 
10p2 ) and off-sheL corrections \J5)-(J7) were taken. 

As a result, oJLe can draw the following conclusions: 
i) The OPE mod"l is applicable at the initial proton energy region 

near T = 660 MeV benause of good agreement with experiment and the same 
previous result for the ener~ region T = 0.9 - 2.85 GeV was obta~ed 
us:Lng the same form:'actor (J9) and off-shell corrections (J5)-(J7)/4,9~ 
ii) the form of the pion spectra is essentially dependent on the presen
ce of the JJ-resonaJLce in the matrix element (see the difference between 
curves 1 and 2) and its dependence on the function r(K2)G(K2 ) is wea
ker (see the differ"nce between solid and dashed lines 1), iii) the ab
solute values of thn calculated pion spectra are strongly dependent on 
the choice of the fnnction r(K2.) G(K2 ) (see Table II). 
Finally, we give tho result of our calculation for the integrated ener
gr spectrum of pionn for T = 660 and 970 MeV (see Figs.lO and 11) using 
two different fanct:.ons r (K2 )G(K2 ). In Fig\l2-f$the results are presented 
for the squared matJ·ix elements of diagrams 2 and 4 (solid curves), 1 
and J (long-dashed nurves) and the interference terms of diagrams 1 and 
2, J and 4 (short-d~'shed curves). 



BB8,11;8HJI8 

Mo,llem. e,llHcmroHHeN e<:Neaa (OPEM) (JJJIH nep~~:~piAecxasr 

MO,llem. (PM)) peaxmm 

+ p+p ~ p+n+.:rt: (I) 

CSwra np.BMeHeHa 111 pa3BBTa B paCSoTax/I-4/. 0CHOBH iSI H,lle.R" 3TOA 

MO,lleJIJI S9.KJilltlaeTCR B TOM, tn'O rJiaBHHit BKJIQ,ll B p~BRUHIO (I) 

,T.{8Il'l' \fleftHMaHOBCKJie ,T.{HQl'paMMH nOJIIJCHOro TIDia, KO r,n;a npoMeJ!YTOq

HOA BHPTYSJIDHol qacTHneA RBJIReTCR nHoH- qacrH~a c HaHMeHb

mel BOSMOliHOI Maceo!, yqacTBYDJtM B CJIJibHHX B3QiMO,lleRCTBHRX 

npi1 He CJDIIIIRGM BliCOKHX SHepl'WDC. 

Bee Tpy,llHOCTH, xapaKTepHHe ,Wm COBpeMeHHOr> COCTORHHR 

TeOpmr CJIJil>HHX BSSHMO,llei\C'l'Bd, npHCYTCTBYJOT l'l B .rr,aHHOit MO,ll8JIH 

111 OHQ He npeTeH~eT HQ DOJIHOe 111 TOqaoe peweHHe IpoOJieMH. He

CMOTp.R" HQ TO, qTo B ~HOI MO,lleJIJI npHXO,llRTCR np!6eraTb K \fle

HOMeHOJIO~eCKOMY ODHCaHHD HeKOTOpHJC qepT peaKU!111 (I) (TaKBX, 

HanpJJMep, KBK aMIIJIHTY.Dll cp111snecxoro :rt N - pac }e.R"HJIR 11 sa

BHCHMOCTb DIIOH-HYKJIOHHOI B8p!IIHHH OT nepe,naBaeMO C'O :m.mym.ca), 

OHQ npJIBJieKaTeJibHQ TeM, qTO B Hel yqTeHH OCHOBHle II3BeCTHHe 

CBe,lleHBH 0 CJim.HHX BSSHYO,lleiCTBHHX. 

UepH\Ilepneci<IIA xapax'l'ep BSBl!MO,lleiCTBIIR B P'BRUHII {I), 

COO'l'BeTCT~ o6Meay OARJIM BHpTyaJibHHM IIHOHOM, 6wr nO,n:rBep

ll,JteH 9KCnepHMeHTSJIDHO npH SHep!'lriiDC npo'l'OHOB ~ [ rail' 5-7 I TeM, 

tn'O B yrJIOBHX pacnpe,lleJieHJIHX BTOPIAHHX HYIUIOHOB B C.U.Mo qeT

ltO npoRBJmll'l'C.H nJIKH ,Wm HanpaBJieHJIIA BD8pe,ll-Ha38 11;. 
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llepBHe c~ BHeHrur OPEM c axcnepHMeHTOM/I • 2' 5/ 6WD!I BHnOJI

HeHH B IIOJIIOCHO~ npK6JmJleHD H He CO,I1;8:pll8JIH <PyiiKrnnt, J"IKTHB8il-

1!181\ 3aBHCHMOCTI IIHOH-HyKJIOHHOt% B8pt!IHHH OT nepe,IJ;aBaeMOI'O HM

nyJI:&Ca, HO B .nt.Jil:>HeAmeM .IVIR ~mero corJiacrur c sKcnepHMeHTOM 

MO,IJ;eJI:& CiHJia MO; CK<iJmmpoBSHa BBe,IJ;eHHeM IIKOH-HyKJIOHHOI'O ¢oiJo4<f>BK

TOpa/8,4/. 

B paCiOTe/' / PI 38T8M :19 ' I 2/ 6HJIPI HCIIOJI:b30BaHH pa3HHe BJI

,IJ;H <f>oii4<f>aKTOpo> COBMeCTHO C COOTB8TCTBY~ BHeMBCCOBHMK IIO

npaBKBMK ,IJ,JIJ! .1: N - pacce.RHIDI/IO, II/. B pesyJI:&TaTe 6HJio noRa

saHo, 'ITO :mep :'eTH'tlecKHe cneKTPH BTOPH'IHHX HYKJIOHOB, o6pasYJ>

maxc.R B npoTOH-npoTOHHHX CTOJIRHOBeHH.RX IIPK 3H8prHRX 0,9; 2 :II 

2,85 raB, xopono OIIHCHBaDTC.R ,Il;aHHOH MO,IJ;eJI:&D. Ycnex OPEM B 

yKa38HHO~ 06Jia~TR 3Hepr:I'IH Il03BOJI.ReT IIOCTaBKT:b BOIIpoC 0 ee 

npHMeHHMOCTK E 6oJiee !IIHpoxoM KHTepBMe aHepm. B 'IBCTHOCTK, 

npa aHeprrurx n poToHOB B6JIK3K 660 MaB HBKOIIJieHa sHa'tlKTeJI:&HM 

3KCI18pHM8HT8JII HM KH<f>OIJo4aJ.J;Iffi 0 ,Il;llrt4:1epeHUHaJI:&HHX 3HepreTH'tle

CK:I'IX CI18KTpax llOJIO~TeJI:&HHX IIKOHOB, o6pa3yDm:I'IXC.R B peaRUHH 

(I). XOT.R ee repz<J>epH'tleCK:IIA xapaKTep npH 3HeprB.RX OROJIO 

0,6 faB MeHee O'leBH,IJ;eH, aH8JIH3 3TOH HH<f>oPManHH npe,IJ;CTaBJI.ReT 

HeCOMHeHHHit Kf Tepee ,IJ,JIJ! IIOHHM8.HRR MeXaHH3Ma peBKUHH. IJpJIMeHH

MOCT:b OPEM B ( 6JiacTH OROJIO 0,6 raB MOlltHO 6y,IJ;eT C'lKTaT:& ,IJ;OKa-

38.HHO~, eCJIK : RCIIepHMeHTaJI:bHHe ,II,BHHHe B 3TO"O! 06JiaCTH MO:ryT 

6HT:& OIIHCaHH I :pH HCIIOJI:b30BaHHH TOI'O lite BH,IJ;a IIKOH-HYKJIOHHOI'O 

<f>op.!.qJaRTOpa, 1 :OTOp~ 6HJI BBe,IJ;eH ,IJ,JIJ! Oll:IICaHKR ,II,BHHHX npK OOJiee 

BHCOKHX 3Heprli.RXo 'l'BKaR BC3MOlltHOCT:b 6HJia YCTaHOBJieHa ,IJ,1lf! 06-

JIBCTH MaJIHX n !pe,rr.aBaeMHX HMnyJIWOB (~ I0)1' 2) npK OIIHCaHD C 

IIOMOIU:bll nepK<f> !pH'tleCROH MO,IJ;eJIK peBKI.Um 06pa30BSHRR Sl 0
- Me-
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SOHOB B P P - coy.n;apeHRRX npH SHepnm npoTOE OB 6I0 Ma-sfi3/. 

PSBee H~I4/ 6HHa npe~pHHRTa norrYTKa rrpHMeHHTn nepz

q)ep}AeceyJO MO,D;eJib ,lJ.JIJI OIIKCa.HIDI BM6JOillettcSI HH4JC IJ.!al.WH ,lJ.JIJI ,Iij[fl>
<t>epeHUlilaJIDHHX 9HepreTK116CKHX Cll6KTp0B !Jt+- MeSOHOB B peaK

UlilH (I) npz 9H6prHRX npoTOHOB OKOJIO 660 MaB. K CO~aJieHHID, ,11;0-

nymeHHaSI OmH6Ka B onpe,D;eJieHHH ~nyCTHMOA OOJIS~TR waaoBOro 

06~eMa He ll03BOJIReT C y6e~TeJIDHOCTbJO YTB6~~aTn 0 COOTB6TCT

BHH npe,D;CTaBJie~ UPEM aKcnepHMeHTaJU,HJlM ,D;aHH blM npz a To~ aHep-

nm. 

B HRCTO~eA pa60Te npoBO,lij[TCSI Ha OCHOB6 )PEM aHaJIRS 

BMeDitHXCSI ,11;8HHHX ,lJ.JIJI pacnpe,D;eJieHJIIA ,st+- Me 30HOB B p68RDJIR 

(I) npz 9H6prRRX Tip0TOHOB OROJIO 660 MaB H npH SHeprHH 970 MaB. 

Pac~eT npoBO,lij[TCR B o,D;HonapuHaJIDHOM npz~eH~ (~TYBaeTcSI 

TOJIDRO BRJia,D; I= J- 3/2 - peSOHaHCHOA 8MilJI trry .lUi B ~.N -
pacce.rrno) lll npeHe6peraeTCSI BRJia,D;OM MeHee CYm3CTB6HHHX RHTep

<l>epeBuzl. TaHoe npH6JIKEeHHOe paccMoTpeHHe, np~eHeHHoe paHee 

MJl 06JI8CTH 6oJiee BYCOKHX SHepm, IlpZBJI6K8T6 'ThHO C TO'IKM 

SpeHH.R e:ro npoCTOTY H e~006pa3RR. BcJie,D;CTBIB BOSpacTr~-;ro 

BKI8l8 npeBe6peraeMYX HHTe~epeHnHOHHYX lJA!HOB rrpH 

SHeprHH OKOJIO 660 MSB IIO CpaBH6HHJO C SHepi'JIIRM! ~ I fSB, Ta· 

RIDe npH6Jnm8HH6 MeHee 060CH0BaHO, HO 6CJIH 6yJJ;lT ,D;OCTHrnyTO CO

r~He C 9RCnepHM6HTOM, ero CJie,D;yeT C'lHT8Tb ~>nyCTBMYM H IlpH 

aHeprRRX OROJIO 660 MaB. Ka~eCTBeHHRR oneHRa B~a~ BYmeyRasBH

HHX 9q¢6RTOB ll0SBOJIR6T TIOJI8!'aTb, 'ITO OH 3HalJM :eJihHO 

MeHDme ~H'l'HB8.6MOI"' • 
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KaK TIOK83BHO HHEe, BHdop ~pM¢aKTOpa 3H8~TeRbHO BRHReT 

Ha aOCO~HHe Ee~~HHH 1! qopMy cneKTpoB oOpaay~CR TIHOHOB. 

B ~HO~ padoTe rnaBHOe BHHU8HHe 06pa~eHO Ha BHRCHeHHe rrpma

QHTIHanbHO~ np~eHHMOCTH OPEM B oO~aCTH aaeprKH ORo~o 660 MsB 

1! Ha 38BHCHMOC1b pe3yRbT8TOB pac~eTa cneKTpoB 3t~- Me30HOB 

B peaKURH (I) C T BHdopa q'o~;aKTOpa 1! COOTBeTCTBY~ nonpa

BOR Ha yxo;n C ll~aGCOBO~ llOBepxHOCTH a.MIIJIHTY;IJ. ~N- pacces'IHHR 

npK OORbi!IID{ ( > 10 r 2) KB8.IijlB.T8X nepe;naBaeMIDC HMTIYRbCOB. 

2. 00o3HB'IeHH.A' 1! IUIHeMBTHKB TIHOHOB B peaK!l}DI 

p+ P ~ p+n~-'t+ 

PeaRURH ( [) B pBMKax OPEM cooTBeTcnym ~eTHpe B03MOl!t

HHe ro-rarpaMMH ~He. I. CMO!IIHHMH JIHHHm.JH oOosaa'leHH HYMOHH, 

IIITPHXOBB.HHHMH - IDIOHH. CHMoo~ Ps., Pt., 9s., q
2 

., q 
06o3H8~8DT 4-H~ny~CH HaneTammero llp0TOHB, npoTOHB MHmeHH, 

npoTOHa, HeftT~~Ha H nHOHa B KOHe~HOM KaHane COOTBeTCTBeHHO. 

PeaRQHR (I) B JO~eM C~ae OIDICHBaeTCR nRTbD He3aBBCHMHMJ1I pe

JI.fiTHBHCTCRHMH IIHBBpHaHTaMH. Y;IJ.OOHO BBeCTH c~e;nyllltl'Ie 4JyH,naMeH

TanbH~ H BCTICMOraTe~bH~ Ha60pH HHB8p1!aHTOB (MeTp1!RB 

a.g = a.ogo -~f > 

2. 2.. ( )2.. v W 2 = (p .. + p2) ' %. = Ci1~'t2 
w 2 

= Cq +chf -z2.=- (9- P1)~ 
)~ 2. 

j u 1.. = ( ct + q2 cz,2 = - ( 9- p2.) (2) 

A2. =- (9~,- P2.)2. ~2.=- (92.-p1)2. 
2. ( )2. -~. ( )2. t =- 9-1-p" t =- 91-p2. . v 
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3,neCl> JilHBapKaHTH, CO,D;e:pllt~e 3H8IUI MHayC, f!BJIJm'l'C:R KBa,D;paTaMH 

nepe~HX 4-HMDYRDCOB, OCTaHl>HHe - KBa,D;PaTH nom!HX 3HeprHA 

qacTHU, JKa38HHHX B CK06Kax, B BX CHCTeMe U9HTpa Mace. Bcno

MOraTenDHHe KHBapwaHTH (npaBaR qacTl> ¢opMy~ (2}) BHPQKaDTCR 

qepes BHB&PJiaHTH qiyH,I18MeHT8JI])HOI'O Ha6opa (~eBM 'lacTl> (2)} K 

MOI'JT 11Cll0nl>30BaTDCR BCil.113', r,ne 9TO ORaJKeTCR Y.IJP'5HHM. Jlll6ae 

IGIHeMaTIIqecKHe Be~IIHli ( 9Hepi'l!R, KMny nl>C, yro~ : )aCCeSIHHR ) 

B JID6oft CIICTeMe OTC'qeTa MOryT 6HTl> BapW!teHH qepes OCHOB

HHe HHBaPIIBHTHo 

Bcii.IIY qepes 1n ( j) o6osHaqaeTcR Macca ay uoHa (rmoHa). 

Be~mm p_.0 , p20 , q10 , q20 111 9o osHaqaOT no~ue 

BHepi'HB II 9TH lite CHM:BO~ 6e3 ay~eBHX IIH,D;eKCOB 03 'fa'qaDT a6co

JIDTHHe Be~HH 3-I!Mnynl>COB COOTBeTCTBYDI!KX qacT m. BepxHIIft 

HH,D;eKC y 8THX Be~HH 6y,neT OSHaqaTl> 9HCTeMy OTCieTa. B ~a6o

paTOPHOft CHCTeMe (L-c~t~cTeMa: ~ =0, Bee noJIHpHh!e yrJihl OTCtilt!Tll.

B8lOTCR OT HanpaBJieHHR -p.r ) KHH8TH'q8CKM 9H ~pmfl HMeTa

Jillei'O HJMOHa o6osHaqaeTcR qepes T , a KHHeTI{q~CKM aHepmR 

T L. eL 
pollt,n.eHHoro IlJlOHa 11 yro~ ero B~eTa - qepes 71 : H .K 

COOTBeTCTBeHHO. 

HHKe Hac 6Y.IIYT HHTepeCOBaTl> pacnpe,ne~eHHR ll!OHOB B peaK

UJni (I). M8KCHM8JI])HM KHHeTII'qeCRM aHepmR rrHoHa T!; l"ft.CU' 

B~eT8Dllei'O no.n yr~OM e; . onpe,ne~eTCR H3 YC1IOBHR ' 

7 
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r.ne p11.. =~T(T+2m.) • 

H3 (4) CRe~reT, ~TO fiPH Ha~axDHHX aHeprKHX 

T ~ JL (.4m.-JA-) t£-> 
'9' 2 (m-r) 

nnR DHOHOB, o6pa3y~cs B peaKUKH (I), ~nycTHM Beob WH3~e

CR~ HHTepBM yriiOB -1 ~<!OS e~ ~-+ 1 (,neTam.HJil 

8HaJIH3 :KHHeMSTHIOI DHOHOB CM. JIS/). 0TMeTHM, ~TO DPH 38,IJ.a.H

HO~ BeJ!lifliHHe T H cpHRClfPOBSHHHX T; H e~ cpHKCHPYKl'l'C.fl 

cRe.IJYDJtHe HHBSPH :mTH: 

VJ2 = (p1+p2)2 = 2m. T +4m.2 , <s> 

Z 2 = (q1+9:z.Y= Cp1+p2- 9)2 = 
---- (6) (2m-JA-J+2T(rn-:f4)-2~(2m.+T)+2-ifCr+2rn)~;(Ti+2r)<»s~ 

z2 =-(q-p~i==-(m-r-)2+2rT+2T;(rn+T)- (7) 

-2~(T+2m)Wtri+2r-) eosa~ , 

z2. =- (q-p.;)2 =- (rn.-r-)2 + 2.rn T;. cs> 

3. ~p~HijUSHbHOe ce~eHHe H M8Tp~HHI a~eMeHT 

MO,I!;eRH O,IJ;HODHOHHOro o6MeHa 

,I.I.ruJ peSRn;mr (I) HSH6oRee o6mee BHp8lteHHe 

UHaxDHoro nonepe· moro ce~eHHH HMeeT BHll 

~epeH-

d.6 = ~::-_~ ~ L:l Mftl2 
S4(:ij-R) d.~~~ cl~92 ~sq , (9) 

0 



r,11;e 

pa8HTHHa nOTOK HaneT~ ~8CTH~; 

MSTpJ{liHOrD aJieMeHTS peaKIUm, ycpe,li;HeHHHH no HS~aJibHHM H npo

CyYMHpOBSHBHI no KOHe~W CnHHOBHM COCTO.f!HIDIM; 5~("ij-Pt) -
4-~&epHS.f! b- c,tlYHRD;JI.f!, apryMeHTOM KOTOpo:A: J!BJI.f!eTC.f! BHpallteHHe 

,wm saKosa coxpaaeHH.f! asepi'Hiil H HMIJYJI:&ca, r; le Pt = P1 + Pz 
H ~- Cf1+q2+Cf c:l5q1 , cl3q2 H ci3q 
"7 ,IJ;11<J4)epeH~SJIH TpeXMepHm lDIIIIYJibCOB KOHe~aux -qacTHU. Y~H-

BSR, ~o ci~qk == lqk) CJko d.qkod..Qk ;zvm ,IJ;BOih!oro 

ro$IJepeH~aJrbHOrD ce~eHH.f! nHOHOB (~8CTH~ Cl ) nonyqaeM 

d.26 m~ -1 
1 
.. 

1
r ~ 1 t2 ~< n' d.~q1 d'q2. 

d.qoc:!Sl = 2():tc)5 F 9 ~ Mftl S R-n) 91oCfi.O '(IO). 

r,ll;e BeJIH'qHHH l<il, Cfo H Q ,IJ.OJillHH onpe;~eJLllT:&C.f! B O,li;HOI 

H TOI Ee CHCTeMe OTC'qeTa, a B~eHHe, CTOffilee n0,11; 3H8KOM 

RHTerpana, .f!BJI.f!eTC.f! HHB8pH8HTOM H MOEeT 0HTh BuqHCJieHO B JID

OoA CHCTeMe OTC~eTa • .lJ,1m np>Be,ll;eHH.f! HHTerpHJJO:samJA Y,li;06HO HC-

nOJI:&SO:B&T:& cHcTeMY ~eHTpa Mace ~acTH~ 9 4 H GJ 2 ( :0 -
CIIICTeMa: q~+ q~ == 0 ). Hs mecn: Ht)06XO.nHMHX HHTe

rpHpoBSHHI ~eType JierKO BHIIOJIH.f!DTC.f! C nOMO~·D ~4 - ~KU!H, 
B pesyJI:&TaTe ~ero no~aeM ... 

~ +:a. 

cl~~ = 2;:rfl<il'f~'t1"~1Mf,<o4 'tffJ.-e}' ,<m 
0 -1 

r,11;e j = I HJIH 2. 

0CT8.BilllleCf! ,IJ;Ba HHTerpHpoBS.InUI (BCJie,li;CT:~He CJIOltHOA SaBHCH

MOCTH M8T~Oro 9JieMeHTS OT nepeM.eHHHX HHTI !rpHpoBSHHfl eGS ef 
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1) 
H 'fj ) OOPJHO BmiOJIHRKlTCR qHcJieHHO. 

lloJIHID\ ME TP~HI:rll: s;reMeHT M :St peaKUHH (I) ,coOTBeTCTBY-

~ ~arpaMMEM I-1 pHc. l,RBJIReTcf! a;rre6paHqecKo~ cyMMoft 

(12) 

r.n;e ~~KH MHHj c ooyc;roBJieHH co6Jno.n;eHHeM rrpHHr.nma ITa~ DPH 

nepecTaHOBKe ~ aqa..JThHHX HyKJIOHOB. B o6uteM c;ryqae KBa.n;paT TaKO

ro MBTp~HODO 3JieMeHTa ,IJ;O~eH CO,IJ;ePEaTb CJMMY KBB.n;pBTOB MaT

p~HIDC 3JieMeH'I Oll 1 COOTBeTCTBYI!lltHX K~,IJ;OR .n;HBrpaMMe, H !!J_~CTb. 

H~Te~epeHUKOFHHX q;reHO~. ~ peaKUHH (I) BCJie,IJ;CTBHe DCeB.n;O

CI<aJIRpHOH rrpHJ o,IJ;H n,wHa HHTepf:'epemnm Mel\,ny .n;HarpBMMaMH I H 

4, 2 H 3 ToqHc pamm Hymo, T.e. 

HsoTon~ecKan CTPYKTypa MaTp~Horo a;reMeHTa (I2) ~ peaKUKH 

(I) .n;aeTCB CJIE.IJYIDute~ Ta6;r:m:n;ea I oasHCHHX H30TO~eCKHX K03$

<l'HD;HeHTOB coc'I ORHH~ ~ aMwmTy.n; c HsocnHHBMH I = 3/2 H 

I = I/2. 
Ta6JI1fil.B. I 

PeaKUKR ci cl ci 
-1 ., 2. 

ci 
2 cl c~ ci 

~ 
cl 

"" 
0 -v2 0 ~ ~ -~ i -1 3 3 

B CaMOM OOuteM ~;ryqae f!BHHa BH,IJ; MaTp~HODO 3JieMeHTB (I2), COOT

BeTCTBYBllleDO l. f'!ai'paMMaM I-4 p:m:c. I, R npon;e,nypa CYMMJ!poBaHII.fi 

DO KOHeqHHM H HaqaJIDHHM COCTOf!HHRM DO.n;poOHO H3JiaraJIHCb (CM., 

IO 



HaiipPJMep, pa00T~2 • 4 •I6/) H 3;:\eCb 38 OTCYTCTBleM MeCTa He 

TipHBO,Il,l1TC.fi, 

Hue .rr,aeTC.fi BHIJ8.lKeHPie ,JJ,.'II.fi MaTpH'lliOI'O 3Jie~ ceH·ra pearuurH 

(I) , TIOJIY'tlaeMoro B pe sy JI:&TaTe cJie.IJYKXIIHX ynpotn! .JallHX npe.n.noJio

JJteHz~: 

a) .B '118'l'hlp8XJIY'ti8BHJC B8JX!IHHax BCeX .IJ:>18rp8ll M, OTIHClfB8JOI{HX 

~ N - pacceRHHe, noJiaraeTcR .UOM11HHPYKXllm.1 cc CTORHHe c l-i30-

CTIHHOM I = 3/2 H noJIHNM MOMeHTOM J = 3/2 C: 3 - pesonaHc). 

BKJia,n.oM Bcex napn;HaJihHHX BOJIH c H30CTIHHOM I = I/2 TaRJKe 

npeHeOperaeTcR. AMnJiwry.na ctzsM'tlecRoro 3:l-pe30f ;mea arrnpoRcPI

MHpyeTCH 6pe!l:TBIIl:rHepoBCROit pesoamicHoti rpoflllyJic ~/I? I; 
6) BK.Jia.D.OM HHTepPcpCHIUf~ ;f.l)'!arpaMM I H 3, 2 l1 4 npeHe

OperaeM, 

H npHH.HTHX npi16JiwKeHI1.HX Kna.npa·r MaTPH'!HOl o 3J1eMeHTa ( I2) 

pe aKUHH (I) HMeeT CJie .IJYDqHit BH.U; 

2.livl~r·=~c~+c~) Aq + (c:+c!) B2 

- (c1ca+c3c4) 2ReA•B] 

(14) 

r_ne ( Tipll OTIYB18HHHX B9j}XHJIX HH,ll.e.KC8X J/(. D K03tflo'fw.DJ'-

8HT8X 

Mhl BK.JI8.UOB KB8,ITJ>8TOB MaTp:pJ-qHHJC 3JieMeHTO B .JU!8I1 8MM I, 3 H 2, 4, 

COOTBeTOTBeHHO; ( CiC2. +C3~)2H.e~B - CJ w.~a "qJieHCB OT 

ZHTe~epeH~ ~arpaMM 1,2 H 3,4; 

II 



B2 = (27t)'J. ~ u~:p~ nt-t') I:£+ (u, t2. '\) 2(~+3eos2€.p) 
11\ · 1 JJ '(I7) 

'J. 

-2ReA*B= (21tj ~4 u 2 II(t~.)ITG~)Ifi~(uta.)·f1+Cu~'->\ 

x{ (u.+m)Ht-> r ·, + 9CAS9~C!4SE!· CClS~P-

_ 3(CDs2.e1 ~~~~}+Cu-rn)'R<+>[eoscl-p+3c.osETcosl]};ra) 

11.. -t6~ m~ J2. D2 
r.n;e G,.. =: JAa. T , -t = 0.0&- IWHCTUHTa Cl1JibHoro 

B3Ul1MO,ll;ei1CTB! H 7 

R(+>-~-:+-m)-(-pfo_+_tn.-r) , R<->=..J(Ffo-m)(~~) , (Ig) 

C.OS 9p:: 1 [ "<!.2+(mL+r2)- 2cj; p!] ' 

P 1 [..,.2. ~- 2.. ~) 2 P Pl 
c:.o.sc. = 2 P P c;. +,-tn,.r - 9o P1oJ ' 9 p.. > 

eo.s cJ! = 1 
[ 2m.

2
- W 2+ 2 p! P.t! ) 1 

9!: = .2~ (ua+r2.-m2) ' 

R!= 21: c ... 2.+tn
2+t2

) , 

9p- ,.J c{c/1-ri' ' 

~="' r:;z_ tn2' 

.nP = ...L (u..2.+ 2.+t2.) t'2o 2 2J. tn ' 

2 "'AT2 ".:l 2 ..L.2 t2. U = vv - ~t'n: - L -
' 

n CKL) == 
1 GCK2

) 
K~.+J'-.. 

12 

(20) 

(2I) 

(22) 

(23) 

(24) 

(25) 

(26) 

(2'7) 



npe~craBnReT cooo« ~YHKUHD or nepe~aHHOro KBa~para 4-HunynLca 
2 2 2 -2 K , ( r ~e K ecn t HRH t ) , o~HH.' H3 couHOXH-

Te~e~ B ROTopo~ n~neTcn uponaraTop BHPTY~>Horo nHoHa, a 

.n;pyrHM - nHOH-HYI<JIOHHblli illOJM<lia:KTop G ( K 2 ) 

~1+ (u., Kt) = T'(K2
) · f1 ... (u~ (28) 

- aM~KTY~a 33-pe30HaHCa, Ollpe~e~eHHaH Ha BH8MlCCOBOM ITOBepx

HOCTH, r~e f
1
+ (u.) - aM~KTY,JJ.a QR3H118C:KOr) 33-pe30HaHCa 

J1: N - paccenHHB. a r c K 2 ) - qiyHK~B' Y'll1TblBa!O'cQaR 

yxo~ C MaCCOBO~ ITOBepxHOCTH aM~TY~ qiH3H'I8~KOro 33-pe30HaH

ca B saBHCHMOCTK OT K 2 • 

3anHC8HH~ TaRRM 00pa30M RBa~aT MaTpK'IiOro 3~8M8HTa 

(I4) no~cTa~eTcn B (II) ~ npoBe~eHKB Heojxo~ux ~Terpa

poBaHIDI:, ~ <Jero HHBapHaHTH ta. H t 2 ~OIIJKHbl CiblTb BblpaJKe-

e l• l) 
Hbl 'J8p83 nepeMeHHbl8 HHTerpHpoBaHHB C!.o.:» 1 H 'fi , a 

RM8HHO (B Ra'leCTB8 Harrpa~8Hl1.R 1 OTHOCl1T8JibHO KOTOporo orrpe~e

JIR8TCB llOJIRpH~ yro~ e~ , BblCiepeM, Hanp!1Me p, HarrpaBJI8HI'I8 

B8RTOpa lP~ ) 
t2 =-(9i-P2)2=2(q~op;:,-~- 9~p;>co.se~) , 

(29) 

t:l.= -(g1-p1)
2
- 2 [ '\~oP:0-m2-

- q'! r:(eos~<»Se~ + ~1-C!Os2~~ 52G~ ·eos'f~~,c 30) 

(3I) 

~32) 



I 

I. 

G~e~eT OTMeTH1b, ~To MaTp~HHa s~eMeHT, BHPaEeHHHR ~epes HH

BSIJHaHTH U. 2 , t 2. "' t 2.' MOllt9T C5HTb 3amt:CaH ~epe3 0)2.' 
-2 A2 A H ~ • Bi' ;n; aanHCH s;n;ech HecymecTBeHeH, T. :K. KH'l'el'PIIIJO-

BaHHe Be;D;9TC.fl I 0 BCeMy ;D;OrryCTHMOMy HHTepBa.ny H3MeH9H:Iffi nepe

M9HHHX <!.OSe~ H <ff . ;IJ.ru:r BMIIJIHTY;D;H <lJH3lf<I6CROI'O :JtN -
pacCeflHK.fl HCITOJb3YBTC.fl C5pe2TBHrHepoBC:Ka.fl <JlopMY~al17/ •) 

BB~HHH 

Uo = 1238 Mai, a. = 6,3·ro-3 MaB-I, 1fO = 58 MaB. 

11\yll:KUHR J7 (K ~) , IT03BOAAI<ll{Wl npo,AOJIDTb 8MILJIKTY.llY (3)) 

Ha BHeMacCOBYD ITOB9pxHOCTb, onpe;n;eAA~aCb C DOMOmbD O;n;HOMep-

HHX ,n;acnepcHOHt HX COOTHOlUeHI-li\ H 6~ no~eH ee npHC5~llt9HHW\ 

BH~10/ ~ 

~P Ka+r:': L ~(K~,#) 1 K.t+fl .. r3 
f'(K2)= qP (1+ ..ttrn~ )~+ 2tn(Uo-m) + 2rn(Uo-m) , (34) 

·I' ' I 
npm.&eHHMlrl\ ,IJ,JIR He CJIHIJIROM OOJII>IIIHX 

,n;&.BaeMHX m.mym coB K 2 • 

< K 2 ~ 10ra. > nepe-

Eo~ee TO~ oe pemeHJie/II/, npHMeHHMoe DPH OOJII>IIIHX nepe,u.a

BaeMwc JIIMIIyJI!>Cf X, HMBBT BH.n 

T'(K2) = f!(u,K2)/ f1! (u, _)"-a) (35) 

x/ BenxqxHa ••nyBbca 9P B 3HaueaareBe nepaoro co»BOKHT~BR 
B (JJ) .D;OJI lH8 !hJTb BHp8S8H8 B 9lJIBB~8X -p-1 (iY-1•197 M38). 
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liPJI 

f! (u,K2
) = !':~;- ~(p)- ~:;. ~~2 (p) , (36) 

r,IJ;e R "' 'P ii • R r;:p 1-(pJo+m)(qao'"m) , 2=~(fj~-1 n)(9fo-rn.) ; 

Ge (p) - qqaRmm Jie:a:BHm>a BToporo po.na <T apryMeHTa 

p p 2 
A(Kt)= 2~o(u-q~o)- j.J. (3?) 

J'"' 2 ptqi 
· K~ tll . B qJop.1yJI8X (34)-(37) J = I npH = H j = 2 npH 

K2.=t2 
; cfao= 2~ (1J.2+M2~) , 9~-~~;::: ctp. 

0cT8BIIIMCR Heonpe,II;ElJieHHo~ WYHRUIDI G ( < ~) , onHcs

B8DltM OHOH-HYRJIOHHJiA 4Jap.t<fBFrop, BCJie,IJ;CTBKe f. ey,IJ;OBJieTBOPKTeJID

HOro COCTOflHHfl TeOpHH CHJIDHHX B38HMO,II.eftCTBHA lle MOllteT 0HT:b 

TOl!HO 38,IJ;aH8. HCHO, O,II;HaRO, 'ITO OHS ,IJ;OJilltHa BiiiJ OJIHflT:b poJID 

o0pe3amtel qlyHRIUDI npH OoJIDri!HX nepe,IJ;aHHHX HMnym,cax K 2 • 

Bamioe CJie,II.CTBHe MO,IJ;eJIH O,IJ;HOnHORHOro oOMeHa OJ:IiiMeHITeJIDHO K 

npo~eccy O,II;HOM830HHOro 06pa30B8HHR B peaRUIDDC rKna (!) COCTO

HT B TOM, 'ITO, B c~ae ee npHMeHBMOCTH, 31CnepHM8HT8~&BY8 

,II.BHHHe .D.OJmHH oocHBaT:bCR c o,II;HIIM K TeM :a:e 4JapwflBFropoM G(K2) 
(npll O,IJ;HOM H TOM ae r(K1

) ) BO BCeM pacC148TpKBaeMOM KH

Tep~e 9HeprBI HaJieT~ HYRJIOHOB. 

EHJio ycTBHOBJiesof4/, ~o nPK aseprHRX 0.9, 2.0 H 2.85 MaB 

aRcnePBMeHT~HHe ,IJ;aHHHe ~ aHepreT~ecKHX pa}npe,IJ;eJieHKft RO

Hel!Hsx eyRJIOHOB B peamum (I) xopomo OnKCH:BaDT }$1 qJoiMJ)aRTopoM 

G(Ka.)= 0.72 +<>.28 ' (38) 
1 +(K~+)"' .. )/4.1~JL.t. 

IS 



B3HTID.I OOBiem·uo 0 ~ "f? (K'-) BJI,1ta (34) o 3'rB lle 

)1,8HHHe MOry'l' ( iH'l':& xopomo OIIBOSHH qJopriftaKTO:pow/9/ 

gy..l. 
G(K2

) = C39> K2.+1or .. 

co:eueoTHO c 6<>Jiee TOlOOIM pemeHBeM BB.u.a (35)-(3'7) AJIR "fP(K2
). 

~ peaRl~ (!) B Hamel pa6ore BHqxcnanKcb ~~epeunHanb

HHe sueprerxqfCKHe pacnpe~eneHHR ~nR pa3nHquyx yrnoa BYneran+

MesouoB, a TaJ:Jte me auepreT~ecDe pacnpe.neJieHHR npB aHep!'IIHX 

HSJieranmero ~'RnOHa B6JIBSB 660 MsB B npB 970 MaB. B B~EcJie

HB.HX BOITOJI:&30:l8JmCb qxl~TOpY BB,D;a (38) Ill (39) 1 a Truate 

<,Po~op Bill; ta 

(~(K2.) = &r2./(K 2+f-')' (40) 

npe,nn:al'8BilldcJ r B pa6orefii/. 

liPB auep: "BHX HSJieTamtHX HyRJ.IOHO:B B6JIBSB T = 660 MaB 

oemcH aRcne:>EMeHTSJI:&HHe .namme .MJ'l . .IIl$IJepeHUJISJI:&HHX aHepre
+ TJ1['qeCRJIX cneR·~poB :Jl - Me30HOB B peaxmm (!) npJI yrJIBX 

e~ = !9.! ,o/18/. 24 o/19/. 3(/J/20/. 380/!8/. 460/23/' 

56o/!8, 20, 2I/ B !08°, !23°, 140°, !6aP/22/. PesyJI:&T8TH ~C
JieHd no MO.l(e.IH O,IJ;HOMeSOHHON 00MeHa B npB6JineHBJ'!X a) E 6) 

pas.ne.na 3 B c: >8BH8HD C 3T1DIB 9RCnepEMeHTa.nbHYMII! ,n;aHHHMII! IlpH

Be.l(eHH Ha pHC , 2-9 • ~ cpaBHeHIIJI ~JIIH B~BCJieHHHX B 9RCnepE

MeHTaJI:&HHX en> lRTpoB TeopeT~ecu:e Rpnue ua PIIIC. 2-9 Hopupo-

16 



. 118JUIOI> R8 118KOHMJK aRQnepJ!MeHTa'Jn,HiiX · cneRTpo:S. · CIIJIOIUHJ,IMB ·Up-
; I" ' ' ' 

HJaUI .ont.H.RMH ilaoopaKeHH cneRTPH, Blf<IHCJieHHHe < <Jx:>p.tqia:KTopoM 

(39) H C COOTBeTCTBYDI!IeR TIOTipaBROA Ha yxe,It C ~lacCOBO£\ noaepx- , . 

HOCTH (35h-(37) ,MR. SMIIJIKTY.ItH fPH3H1IeC:KOI'O 33-]>e30HBUCa. IL'e~

qJaR'rop im.n.a (40) c Tellm ze nonpaBR~ ~SeT nphRTHl!eCRH TY ze 
; 

C~ qJop.ty c.neRTpa; npHl!eJI ee OTJIHl!He O'F npe;~eA He npe..: · 

BOOX04iT TOnl!IKRY nKHKK. PacqeT C ~ODII~KTOpOU (J8) H ~onpaBKOa 

( 34) (mTpHXOBSHHHe .1IHHHH Ha pHC • 2-9) .naeot: 00" :ee Z6CTI\Y!l tf>op
MY cneRTpa ,IJ,Jlff yrJIOB e; <. 90°. .IVm :ecex Yl 'JIOB HR6JID,naeTCR 

xepomee co:sna.n;eHHe fllop.m crieRTpoB,, Blf<IHCJieHHID c WOMRRTOpoM 

(39), H HeQI\OJThKO Xy,ItWee (cDeKTPH oo.iree ~eCTKJe) - C (38) ~. 

,ll,lm BHHCHeHHR poJIH 33-pesoHSHca .Blf<IHCJieHH cneq•pH npli'I 
~ . 

6 3 z,(u) = 8:Jt \ii+(u)\ = t!onst. Hs cpaBHe~ B~o. liTO HaJIH-

lD!e .33-pe30HSHC8 R:BJI.fl6TCR onpe,neMD,ItHM fPaRTOJX M ·,IJ,JI.ff <Jx:>p.aH 

cneRTpoB. 

A6cOJml'HHe BeJlHliiHHH ,ItHrfqlepemnUUll>BIDC JIOUE ~qHllX .ceqeHHA, 

OTHOCffllti(Xc.fi K Ma:KCJIIIYMY, pacnpe.n;eJieHJi'IR B C1J6RT]I8X .!TC+--i&es~-
BOB lVIJI p83JDI1lHHX yrJIOB TIPH 3H6prHHX 116mH "'r ·~ G60 MaB;B 

CpaBHeBJIH C 3RCTiep~HTRJThlmMH BeJIH'Ii!HSMK Dpin e~HH B T86JIH

!l8 II , K3 KOTOpOI CJie,Dye'l', 'ITO OOJI:b!IIHHCTBO ~l cnepZMeHTaJThHHX 

,ItBHHHX• H8XO.n;HTCR B. 0116H:b xopomeM COrJiacn: c pt C'tJ~THHMlli np!! 

<Jx:>J:I'4iaR'l'Ope G(K2.) = 9/"/(K2.+10I-} Jl JHeuaccoBllX no

npa.lmax T'(KL) , . onpe.n;eJieHHllX :e (35)-{'37). Blf<il!IcJieHJlR o 

lflc>JII¢a:K'l'Opoll G(Kl.)= &;a-a./(K2..+9}"'1.) Dpncl,ItfiT K 

BeJD11IHHSN,npBMepHO Ha 14% MeH:biiiHJI,a C <Jx:>MaR~OpoM (38) - Oo

Jiee qeM B 3 pas a OOJThiiiHM. Ha pHc. 2-9 BCIO.DY ) ,JUI cpaBHeHKH Ha

HeceHH KPHBHe ~30BHX o6~eMoB. OqeBH.n;ao, 'tJTO ~KonePHMeHT~HHe 
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Tac5JIH!la n 

B UllDQ8X [ 10-29 CM1/e-reP·M~a] 

67"f (5
1
Teop 6,Teor 

6•Kc ~ 
G(K2)-+ (:J9) G(K•)+ (-4o) G(K&)+ (38) 
.... 

l"(K2) + ('55)- ('3-.r) l"(Kl)-+{31t) 

S10 I -19,5 2,'31:t:0,2E 
~a] 

2,20 1,93 8,07 

651 2.4 1,71±0,13 
[19] 1,75 1,53 6,60 

655 '30 1,65"*0,23 (201 1,52 1,34 5,20 

670 3& 11,Si±0,13 [1-.J -t,09 0,96 3,86 

660 ~6 1,'33±0,33 [21] 0,85 0,?5 2,91 

6'it) 1,30±0,1~ [1'1 

6551
56 o,ao~op3 

o, ?9 ±(),Oit 

Ia4 0,?3 0,64 2,43 
{2i) 

--
6601-108 11,00'±0,1& [22] 0,?4 0,65 2,19 

--
660112'3 11,07~q12. 

[22] o, ':l"l 0,68 2,85 
--

6601140 10,92±0,10 
[n] 0,79 o, :to 2,86 

6601160 lo,q2±o,1o [22] 
0,81 0, ?2 2, 8~ 

i 

IO 



Jl&B&Ye .us yrJOB ft ~90° pes:so oruqall1'cs or sux BPIIBYX. 

3xcnepBII8BT811oHY8 Jt8BRY8 Jt,IR yrJIOB e; > 90° /2~{ BCDO.IIo30-

B8RBY8 B srol paOore, ra:sze (xors x B 118Hbmel lleJe) coxpaaser 

Sty OC008HROCTL. 0~8:10 R8Jl8BRO DOJiyqeyy ,llaHBY8 )Ill yrJOB 

ftc • !06, !20, !36 B !50° / 24/ t KOTOpYe 0JBSKB I KPliBIDI c{la-

30BOrO oo~e~~a. lJR IIOJl8JB o~onKoHaoro o0118H8 npEAOoqrJit8JbBY 

Jt8RBY8 padOTY / 22{ HO OltOBqareJILR08 38KJIDqeHJI8 3BBJICRT OT do

.188 roqaoro s:scnepBIIeHra x/. 

Ha pwc.IO npHB8Jl8HY syqacn8BBY8 SH8pr8rxq8CKI8 cnexrpw 

,n+ -118soaoa B p88KUBB (I) np• T • 660 llsB, noJ.yq8HHYe •are

rpxpoaaBK811 no yrJiall B xar8pBaJI8 5° ' ~ ' 175°. 

Ha p&c.IO raxz8 aaa8ceaw xpBBYe xa~ep8HUII8JI!HYX saepr8TH

q8cKKx cn8xrpoB ~+ -•esoaoB JlJIB T = 660 laB np1 yrnax ~-1° 
• Jl&J8e or 10 JlO !?0° c HHt8paanoM a 10°. 

Ha pBc.II B cpaBHtBIIH c s:scnepH118HTan&aol r•crorp811Mol 

paOorw II2/ .UR saeprer11qecxoro cnexrpa 3C•-Mescaou B pe8KUBR 

(I) np& 1r s 970 Msa npRB8Jl8BY pacqerRY8 xpHBY8 c 40P~ropa

IIB (39) • (40) (KPRBaR I ), ~op~KropoM (38) (KJRB8R 2 ) • 

KPKBas tasosoro oo~e11a - 3. HBT8p8c&ol oco68HBOCtLm srwx xp•

BYX RBJIR8tcs cxo,llcrao •x ~PIIH or rpaaxna cn8KTpe JlO T~~ 200 

Ms1. B o0.11acu T!' ~W 75 + 200 Msa KPKBY8 • c rfJC JD1418Ktopallll • 

I KPRB8R ~30BOrO 06~8118 11118mt p83JIIIqRoe DOB8Jl8BI8, BO OBR BC8 

OO~CBSmt 88 00.188 DOJOBIIBH 38p8rliCtpRpOB8BHYX B 3KCnepBII8HT8 

C00YTRio BOSIIOZHO, OAHBBO, qro qactL 3KCD8pR118HT8JhBOrO DRB8 

X/ ECJIB p8syn&T8TY pa6oTY 1241 oxazyTca cnpaB8JlJIJBHIIX, TO STO 

JlO.IZBO npBB8CTR K BHBOAY 0 TOM, qro npB 60JILm~X yrJI8X RBJie-

HB8 1111e8T 6on8e cnozaYI xapaxrep, qeu 

110Jl8Jill O,llHODHOHHOrO 0611888. 
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o6ycnoaneaa pasn~r~qa~K BTop~r~qa~H nponeccauH. OTweTHM, qTo pac

qeTHue KpHBYe ·nJnyqeHU HHTerpHpOB8HH9Y B HHT9pB8H9 yrHOB . E3; . 
OT 5 ~o ·r75°, nJcxon:&Ky s axcnep~r~ueHTe TPY~Ho ~KCHposaTL co6H

T~R B 06H8CTH yrHOB ~0 6° /12/ •. 
. .',. ! 

,llnR BHSICH9HifSI BKHa~a HHTeplflepeHUHit ~HarpaMM 1,2 H J,4 llPH 

pasn~r~qaux saeprH u npoBe~ea pacqeT npH T =lf7o 

H 970 Mss AAR yrnoa B ni~r~poKou HHTepBane. PesynnaTu pacqeTa npH-
.. 

Be~eHN Ha pHc. n H IJ. IlpH 3HeprHH T = 970 M3B BKJia~ 3THX 

HHTeplflepeanHR ae npesumaeT IO + 15 %. IIpH aaeprHH T ,.670 Usa 

HX BKR8~ yBeHHqH389TCSI npHMepHO B 2 - 2,5 pasa. Euno yCT8HOBHe

HO, qto npH T · 970 Mas BKna~ HHTeplflepeanHit ~Harpauu I,J H 2, 

4 COCT8BHR9T HHUL H9CKOHLKO nponeHTOB / 4 , 2/; yqHTHB8R, qTQ HX 

H30TOnHqeCKHR K0)4llflHUH9HT npHYepHO B 2 p838 M8H:&me npHHHY89YHX 

BO BHHM8HH9 (TOqiee, 4/3:20/9=3/5 ) H q~Q H3 KHH9Y8THqeCKHX CO

o6pazeHHR OHH ~OlXHH HY8TL 6onee paBHOMepH08 flO HHT9pB8HY 3Hep

rHR llHOHOB pacnp3~9H9HH9, H9T OCHOB8HHR ll0H8r8TL, qTQ HX BKH8A 

npeBbiCHT IO %, a HX yqeT saueTHO noBHHReT Ha IJ!opwy cneupo11 H 

npH saeprllH T = 670 Msa. 

0TY9THY, qTQ cpaBH8HHe C 3KCnepHY9HTOY npOBO~HTCSI HM8HHO 
+ . 

MR HenpepbiBHOR 18CTH cneKTpOB :rt -Y930HOB, llOCKOHUy B38HMO-

~eRCTBH9 HJKHOHOI B KOHeqHQM COCTOHHHH, npHBOA~!Jl99 K npOJ.l8CCy 

p+ p-- d. +31:.. , He paccuarpHBailoc:&. 

5. 3axnvqeaHe H BHBOAH 

Pacqeru, B'm0HH9HHH9 H8 OCHOBe M0~9HH O~HOllHOHHOro 06MeHa 

B npii6JIHX9HHRX n) H 6) pas~ena J, Cp8BH8HK8 KX C 3KCnepKY8H-
+ T8JILH~H ~8HHHYH ~HR Cll8KTpOB 3T -Ye30HOB B peaKUHK (I) npH 

saeprHRX !16JUI3H T = 660 lias 11 np• T =970 KsB H nposuea

HHR 8H8HH3 ll03BO.[fli)T C~8JI8TL CHe~ylli!IH8 BHBO~Y. 
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I. 3~tcnepoe&raJII>HYe ,lllltflcllepeR~Ba.III>HHe s&ep: ~enqecue en eM

PH 6t+ -11esoaoB B peaKI\IIH (I) npH s&eprux B6.11:13H T .. 660 II3B 

xopomo onHCiiBamcJI MO.JteJII>II O.JtHOJia30HHoro o6MeH. 1 KaK no «flopMe, 

T8K H no a6CO.IIIlTH!iJI 3H8t{8HHJIJI npH IICDOJI1>30B8HH:I «f!OpJI«flaKTOpa 

G(K1)-= 9I/(K1+10~) H BHaMaccoB!iX nonpaBoK <35) - (37). 

IIocKOJII>RY c 3THJI n «f!!pM«flaKropoM pauee 6iiJIO ,Jto:rHrHyro corJia

CHe C 3KCnepHM8HTOJI (3HeprerneCKH8 CneKTpii HYCJ!OHOB) npH 

lr = 0.9, 2.0 H 2.85 rsB jg~ TO pe3yJ!bT8Tii HameR padOT!i YK8-

3iiB8DT H8 npHM8HHMOCTb UO,Jt8J!H O~HOM830HHOrO OdleHa ,ltJ!SI 06JI8CTIII 

3HeprHR anJioTb .JtO 660 Msa. 

2. ~opua .JtH!fxflepeHI\1118JlbH!iX 3HepreTII!ti8CKIIIX C 18KTPOB ~+

JI830HOB B mHpOKOU IIIHT8PB8Jl8 yrJIOB cymeCTB8HHiiM 06p830M 38BHCIIIT 

OT H81lif1:1HJI H DOBe,Jt8HH.R 8UDJ!i1TY.Jtbl «flH3Hti8CKOrO :( = J = J/2 pe-

' 30H8HC8. 
+ 3. A6conDTHiie aenHttHH!i BiittHC.IlSieMiiX cnexrpoJ Jr -Me30HOB 

CHJ!bHO 38BHCSIT OT B&I60pa «flOpU«flaRTOpa Ill BH8M8CCJB&IX nonpaBOK 

.Jt.ll.R «f!H3Httecxoro -'tN -pacce.RHH.R. 

4 • JlH!fxflepeHI\H8Jli>Hb19 3HeprerHti8CKH8 cneKTpii st+ -M830HOB 

npe.JtOCTSB.IlSIDT aecbwa ttYBCrBHTe.llbHYD K npe,~tnono,eHH.RU OPEM HH

«flopual\HD, B TO apeMJI xax HHrerpa1lbHYe sueprer1111ecx111e cnexrpbi 

B 3H8t{HT8JlbHOA uepe repJIDT 3TO CBOACTBO • 

B sax.IIDtteHHe cne,~tyer OTMeTHTb, qro MO.Jt8JlL ! cxewa pacqera, 

npHHRThte B .Jt8HHOA pa6ore H npHBO.Jt.RmHe x xopome iY corJ!aC!BJ 

3KCnepHM8HTOM, MOryr 61iTL HCD0Jlb30B8Hii ,ltJ!.R 8H8~H38 ,lt8HHiiX DO 

06p830B8HHD O,ltHHOt{H!iX DIIIOHOB H8 .R,ltp8X (K8K ttaCrb pactteTa) Ill B 

pactteraX K8CK8,JtHiiX npOI\8CCOBo 
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ABropu BupalaDT rnyOoxyn OnaroAapHocrL B.ll.lzenenoBy, 

R.K.RanHAJCY H B.A.HpOe 38 BBHUaHHe H HBTepec E paOore. 

0AHR H3 8BTOpOB (B.K.C.) cepAeqHO npH3RareneB npo~eccopy 

33HO teppapH 38 npHCYRKY xoppecnOHA8H~HI, ~CKyCCHD H qpe3BY

q81HO none3HYe coBeTY; H.A.qepBHKOBY H B.H.qazHKOBY 38 odcyzAe

HHe OTA8RLHHX BOnpocoB; B.r.CoROBLeBy 38 rocrenpKRYCTBO R npeAO

CT8BR8HK8 B03YOZHJCTH BHnOBHKTL paOory B HTt OKHH. 
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T•670 M:n 
e~=19.5° 

100 200 T;, M !f. 
PHc.2. TeoperHqecKH~ cneKrp ~H~epeHuHanLHorc 3HeprerHqecKoro 
pacnpe.n;eneHHH !Jt. + -uesouos .ltRH peaKUHH (I), f + p - p + n + .3r+ 

BHqHCReHHHI no UO,lteRH O~HOYe30HHOrO 00YeHa 1 B cpaBH6HHH C 3KCnepH
YeHT8RLHWlH ,1(8HHWIJI npH T = 670 M3JJ H e;,. I9.5°. 
CnnomHaa zHpHaa xpHsaa I - pe3ynLrar pacqera c ~opu~xropauH (J9) 
H (40) H BH8118CCOBHYH nonpaBK8UH (J5) - (J7). 
illrpHxosauHaa KPHBaa pa,I(OY c KpHsol I - pesynL1aT pacqera c ~opu
~xropou (J8) H BHeYaCCOBHYH nonpaBK8UK (J4). 
KpHBH6 2, CllJIOmHaH H mpHXOB8HH8H, COOTB6TCTBYIT KpHBHY I, B KOTt,p,\ 

nonepeqHoe ceqeHKe JJ-pesoHaHca nonozeHo paBH!ill Koncranre ( Ou·~"'"'~t)· 
KpHBaa J - ta3oB~ oO~eu. 

+ - 3KCnepHUeHT8JILH!ie ~8HH!ie pa00TH/IB/. 
AOconDTRPe BenHqHHH ,li.JI.R :JxcnepHYeHranl>HHX .D.BHRbiX 11 KplltHll l ,·~~. 
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.l:'Hc. 3. raRo~ ;:e cneRTP R Te JKe o6o3Hat~emm, Rlil.R na pHc. 2, 

npH .,. = 657 MsB R e~ = 24°. 
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100 200 T! ' M :5& 

PHc. 4. TB.RoA l!e cneKTP H Te xe o6o3Ha'tlemrn, RaK Ha p11c. 2, 

npz T = 655 MaB, e; = 30°. 

+ - SKCllepzMeHTanbHHe ~aHHHe pa00T~20/. 
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PHc. 5. TaxoA ae cneKTP H Te ae oOosHa~eHHR, KaK Ha pHc. 2, 

npH -,- = 670 MaB H ei- = 38°. 

+ - 8KCnepaMeHTaHLHHe ~He paOoTufiB/. 
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T:a 660M~6 
Si=46° 

PHc. 6. Ta.KoA lite cneKTP H Te lite o6oaHa'IJeHHH, KBJ: Ha puc. 2, 

npH T = 660 MsB H Gi = 46° 

+ - 3KCU8pzM8HT8HbHHe ~e pa60T~'23/. 
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PHc. 9. TBR)2 ze cneKTP H Te ze o6oaHa~eHBR, KBR Ha PIC. 2, 

npa T = 660 MaB H e'i = 140 H I6cf>. 

+ - axcnepHMe~TanLBHe ~HHe pa6oTui22/. 
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2 

1 

T= 660 Mn 

T~, M~f 
PRe. ro. MHTerpaJIT>H~ SHepreT~eCRK~ crreRTP lt+- Me30HOB B 

peBRmm p+ p~ p+n+::n:+ rrp1-1 -r = 660 MaE, 

BWIKCJieHH~ ITO MO,D;eJIK O,IJ;HOITKOHHOI'O 06MeJ ra. 

KPHBSR I - pac~eT c qo~RTOpaMK (39) 1 (40) H 

~HeMacCOBHMH ITOITpaBKBMH (35)-(37). 

KPHBBR 2 - pac~eT C qop.1$8RTOpoM (38) H BHeMacCOBH

MK ITOITPaBRBMH ( 34) • 

KPHBBH 3 - ~830B~ o6~eM. 

OcTaJibHHe RPKBHe - TeOpeT~eCKHe crreRT~l .n;R~epeH

I.UfaJibHHX aHepreT~ecl(HX pacrrpe,n;eJiemrl! ~ l.fl yrJIOB 

e; = ! 0 H OT 10° ,ll;O 180° C HHTepBaJIOM ~epe3 I0°. 
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Pac. II. TaKRe lll e cneR'l'PH H oOOsHa'lleHliR, RBR Ha JlHC. IO, 

DPB -r- = 970 MaB. 

fi'ICTOrp~a- 3RCDepJIM9HTaHnHHe ~BHe pa6oTuii2/. 

KpliiBaSI l - !fla30Bb1H O(heY ,14JUI e; = 10°. 
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Pic. !2. Bua.1ul D8,11plTO:B •aTprmsx aJieKeB'l'oB . Ula.rpaK I-4 

~C. I ll BH'!'e*pelfUI ~ !,2 H 3,4 Jipa: 

T = s7o llaB • :rr.ux e~ = c9,s; aa; ss; 
90 • I2rf'. 

CIIJ[OIIIHJie .DHJDI - CYJ1118 ~'1'011 D'l'p AHHX a.lelleBftB 

,ll;l[arp&llll 2 11 4 • 

KJmme C R~ nyHICH]lCHI - CyJOI& Bit m;DPB D&lJPl'!'OB 

ll&'l'PFIHHX aJre.eB'!'OB ,ll;l[arpsMII I • 3. 

K~e c Me.IDII DyHltTHJlOII - cyoa JIH'!'' 'NepeHIUII 

~arpiMM !,2 11 3,4. 

35 



I _. 

"d 
lSI 
() . 
H 
w . 
1-3 -4 
0 II ... 
CD ..... 

w 

""' .<l 0 ... 3 0 
Ill 

lSI Ill 

121 
I» 

w 'CI 
0'1 :s 

0 . 
H 
N 

121 
0 

= 'CI 
lSI 

-1 
II 

\0 

~ 
-= CD 
Ill 
• 


