
P2 - 9701 

3.r .By6eJies , B .n .XeH, B .r .HQIOK 

OAPAMETPH3AUHH HAOPABnEHH~ 

,LJ;HHAMHqECKO~ OCH KBAHTOBAHHH COHHA 

p, K * 0 H L\ ++ -PE30HAHCOB 

llPOH3BOnbHMM nYqKQM OPHMWX nosAqEBCKOrO 



P2 - 9701 

3.r .By6eJieB, B.fl .XeH, B.r .H~IOK 

nAPAMETPH3AUHH HAflPAB]EHH~ 
,D,HHAMWIECKO~ OCH KBAHTOBAHHH CflHHA 
p' K * 0 H A++ -PE30HAHCOB 
flPOH3BO]bH~M flY4KOM flPHM~X ]0BA4EBCKOrO 



Summary 

The best of the published world's data 
on the t -dependence of the density rna tr ix 
elements for p , K*o, ~++ -resonances at 
2.8 ~ 17 GeV have been analyzed in the pat­
terns of the Lobachevsky velocity space, 
which plays the role of the invariant phase 
space in high energy physics. A natural 
from the point of view of the velocity 
space parametrization of the invariant 
Donohue-Hogaasen axis z', known as the dyna­
mic spin quantization axis, by pencils of 
straight lines on the non-Euclidean plane 
of resonance production was suggested by 
one of the authors (E.G.B. ). It is realised 
by an ~rbitrary pencil in the range of mo­
mentum transfers Ft= 0 7 l (0 ~ 2)GeV/c. 
The straight lines of this pencil are 
transformed one into another by a concrete 
subgroup of motions in this space which is 
equivalent to the corresponding subgroup 
of Lorentz transformations. This paramet­
rization permits one to use the eigenvalues 
of the density matrix (Donohue-Hogaasen 
parameters a , f3 , y ) for invariant descrip-
tion of polarization states of resonances. 
Their t -dependence has a simple and dyna­
mically definite structure. The results, 
obtained by invariant spin quantization, 
significantly differ from those obtained by 
non-invariant spin quantization in the 
Jackson direction and in the reaction CMS 
direction. 
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K 150- Aemuro zeoMempuu Jlo6at.teBcKozo 

1. BBEJ{EHHE 

llpH auanu3e ueynpyrux rr-p-peaKUHH a o6pa3ax npo­
cTpaucTaa cKopocTeu Jlo6aqeacKoro -' 1 / 6hwa 3aMel.feHa 
nw6onwTuas oco6euuocTh auanuJupyeMhlX aauuwx. 0Ka-
3anocb, '-ITO nnoCKOCTH npH6llH)f(eHHOH CHMMeTpHH yrnoBbiX 
pacnpeaeneuuu W( 0,</J) am• nap qacTHU a Bbi6opKax, 
HHTepnpeTHpOBaHHbiX no psay llpH3HaKOB KaK npoayKTbl 
pacnaaa ao36y)f(aeuuhiX aapouoa, opueuTHpoaaHbi ue aaonh 
uanpaaneuus ua aapou ao a3aHMoae8cTBHB uno ua CUM 
peaKuuu, a Me)f(ay HHMH. 3Ta o<;o6euuocTh 6hwa npoaepeua 

2 
Ha ony6nHKOBaHHhlX aaHHhlX 0 3Hal.feHHBX 3lleMeHTOB 

,\++ 
MaTpHUhl llllOTHOCTH ans pacnaaoa p , WH a -pe30HaHCOB. 
Ha ocuoae pe3ynhTaToB 3TOH npoaepKH oaHHM H3 aaTopoa 
aauuou pa6oThi /3.r.6./ 6bwa nocTaaneua Jaaaqa o napa­
MeTpHJauuu "rnaauou ocu" z' yrnoahiX pacnpeaeneuuu pac­
naaoa peJouaucoa npu paJnH'-IHhlX nepeaauuwx uMnynhcax 

y-t llyl.fKaMH npBMbiX Jlo6al.feBCKOrO. 
reoMeTpuqecKas nocTauoaKa Jaaaqu auanu3a yrnoawx 

pacnpeaeneuuu peJouaucoa onupaeTcs ua uJaecTuyw ~op-
9 10' MYllHPOBKY l.JepHHKOBa ' 1 penBTHBHCTCKOH KHHeMaTHKH 

'7 9/ 
a o6pa3ax npocTpaucTaa cKopocTeu Jlo6aqeacKoro/ - · . 
Ocuoaononaraw~ue pa6oThi l.JepuHKOBa uuuuuupoaanu uc-

11-14. cneaoaauus no HJyl.feHH!Q cnuua ua ocuoae reoMeT-
pHH npocTpaucTaa cKopocTeH. B uacTos~eu pa6oTe reo­
MeTpHH Jlo6aqeacKoro ans npocTpaucTaa cKopocTeH npu­
Meueua ans 3KcnepHMeuTanbuoro uccneaoaauus uuaapuauT­
HbiX xapaKTepHCTHK nonHpH3aUHOHHhlX COCTOBHHH peJo­

uaHCOB. 
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2. KuHeMamwca KeaumoeaHUJt cnuHa 

/3 I , 

KaK H3BeCTHO' ' llOJI11pH3aUHOHHOe COCTOliHHe pe3o-

HaHCa CO CllHHOM S xapaKTepH3yeTC11 (2S+l)x(2S+l) -MaT-

puu;eH llJIOTHOCTH, 3a;:J;aHHOH B 6a3HCe cclJepH'IeCKHX clJYHKUHH 

ISm>, rAe m - npoeKUHH cnHHa Ha uanpaaneHHe ocu Kaau­

TOBaHHH B CHCTeMe ll0K011 pe30HaHca. HanpaaneHHe OCH 

KBaHTOBaHHll llpH 3TOM 3aAaJOT HJIH B CHCTeMe KOOPAHHaT 

roTclJpHAa-)l;)l(eKCOHa( j), HJIH B "CHCTeMe CllHpaJibHOCTH" 

(H)/ 3 · 4 ~
1 

3aBHCHMOCTb 3JieMeHTOB MaTpHUbi llJIOTHOCTH OT 

t Bbipa)l(aeT CB113b onpeAeJieHHbiX llOJI11pH3ai.J;HOHHbiX CO-

CTOHHHH pe3oHaHca c AHHaMHKOH ero o6pa3oBaHH11. BHA 

3TOH 3aBHCHMOCTH B 3Ha'IHTeJibHOH CTeneHH onpeAenHeTCll 

anpHOpHbiM 3aAaHHeM HanpaBJieHHll OCH KBaHTOBaHHll H, 

CJieAOBaTeJibHO, COAep)I(HT HeCyJ.UeCTBeHHhle KHHeMaTH'Ie­

CKHe OC06eHHOCTH. 

IJ03TOMY ecTeCTBeHHbiM 11BJI11eTC11 npeAJIO)I(eHHe )l;o­

HOXbJO- XeraaceHa I)];- HI aHaJIH3HpoaaTb t - 3aBHCHMOCTb 

HHBapHaHTOB MaTpHI.J;hl llJIOTHOCTH - ee C06CTBeHHhlX 3Ha­

'leHHH 
141 

t - 3aBHCHMOCTb co6cTBeHHbiX 3HalJeHHH MaT-
~ ++ PHUbi nnoTHOCTH AJIH pacnaAOB p , {u , ,~ - pe3oHaHcoa 

I a , {3 , y - napaMeTpoa)];- HI 3KcnepHMeHTaJibHO Hccne­

AOBaJiaCb B pa6oTe /Si. Ho AJI11 3aAaHH11 llOJI11pH3ai.J;HOHHblX 

COCT011HHH pe30HaHCOB llpH llOMOJ.UH a , {3 , y -napaMeTpOB 

}1;-H He06XOAHMO pelliHTb BOllpOC 0 KHHeMaTHKe KBaHTOBa­

HHll CllHHa B ;:J;HHaMHlJeCKOH CHCTeMe KOOp;:J;HHaT )l;OHOXbJO­

XeraaceHa. a ' f3 • y -napaMeTpbl npeACTaBJiliiOT 3JieMeHTbl 

MaTpHI.J;hl llJIOTHOCTH B AHHaMHlJeCKOH CHCTeMe KOOPAHHaT 

)]; - H, xapaKTepH3yeMOH Bbi60pOM OCH KBaHTOBaHHll B;:J;OJib 

ocu CHMMeTpHH 3KcnepuMeHTaJibHoro yrnoaoro pacnpe­

AeJieHHll BepOHTHOCTH pacnaAa pe30HaHCa B llJIOCKOCTH po)I(­

AeHHll *. HanpaaneHHH AHHaMH'IecKoH: ocu KBaHTOBaHHH ,lJ;- H 

B pa3JIH'IHhiX CHCTeMaX llOKOll pe30HaHCa, OTJIH'IaiOJ.UHXCll 

BeJIHlJHHOH t, onpeAeJI1110TC11 H3 BHAa 3KCllepHMeHTaJibHOrO 

yrnoaoro pacnpeAeneHHH pacnaAa pe3oHaHca H He CB113aHbi 

APYr C APYrOM. 

KoopAHHa THLie ocu cacTeMLI ,lJ;- H HBJIHJOTcs nepece­
lJeHHliMH llJIOCKOCTeH CHMMeTpHH yrJIOBOrO pacnpeAeJieHHll 

W(8,¢)pacnaAa pe3oHauca, a nnoTHOCTH aepoHTHOCTH pac­
naAa BAOJib 3THX OCeH - C06CTBeHHhlMH 3HalJeHH11MH MaT­
pHI.J;hl llJIOTHOCTH. 
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llQ3TOMY a , {3 , y - napaMeTphl )]; - H He HMeJOT CMblcna 

Bep011THOCTeH onpeAeJieHHbiX llOJI11pH3aUHOHHhiX COCT011HHH 

B pa3JIH'IHbiX CHCTeMaX llOKOll pe30HaHca AO TeX nop, llOKa 

ue yKa3aH 3aKOH KHHeMaTH'IecKoro npeo6pa3oBaHH11 uanpaa­

neuas AHHaMH'IeCKOH oca )]; - H npa nepexoAe H3 OAHOH 

CHCTeMhl llOK011 pe30HaHCa B ApyryJO *. llpOCTOH Cll0C06 

KHHeMaTH'IeCKOH CB113H HanpaaneHHH AHHaMH'IeCKOH OCH 

}1;-H B pa3JIH'IHbiX CHCTeMaX llOKOll pe30HaHCa BbiTeKaeT H3 

npeACTaBJieHHll KHHeMaTHKH peaKUHH B npOCTpaHCTBe CKOpo­

CTeH no6a'leBCKOro. 

3. KuHeMamuKa u zeoMempuJt 6uHapHou peaKilUU 

reoMeTpH'IeCKOe npeACTaBJieHHe peJIHTHBHCTCKOH KH­

HeMa THKH OllHpaeTCll Ha clJYHAaMeHTaJihHOe llOHliTHe npo­

CTpaHCTBa CKOpOCTeH MaTepHaJibHOH TO'IKH /7-
9 ~ 3TO npo­

CTpaHCTBO 11BJI11eTC11 npOCTpaHCTBOM no6a'leBCKOrO C KpH­

BH3HOH, paBHOH -1/c 2 , rAe C - CKOpOCTh CBeTa /B AaJib­

HeHllleM oHa npHHl!Ta paBHOH ll.,lJ;Jill npOCTOThl H HarJIHA­

HOCTH Mhl BBeAeM 3AeCh npocTpaHCTBO CKOpOCTeH, CJieAYll 

pa6oTaM /B,I 3 /, llpH llOMOJ.UH XOpOlliO H3BeCTHOrO llOH11TH11 

CHCTeM OTClJeTa. liyAeM ClJHTaTb, 'ITO TO'IKH ero npeACTaB­

Jil!IOT BCeB03MO)I(Hhle CHCTeMhl llOKOll peaJibHhiX lJaCTHU HJIH 

HHepu;HaJibHhle CHCTeMhl OTC'IeTa ** 

* OTMeTHM, 'ITO uanpaaneHHH J (H) a pa3JIH'IHhiX ca-
cTeMax noKos pe3oHaHca Ha nnocKoCTH ero po)I(AeHHH acer­

Aa KHHeMaTH'IeCKH CB113aHhl APYr c ApyroM. CB113h AOCTH­
raeTCJI anpHOpHhiM 3aAaHHeM CHCTeMhl OTC'IeTa: CHCTeMhl 
noKoJI OAHOH H3 uaqaJILHhiX qacTHU (J) HJIH CU.M peaKUHH 

IHI; Ha HanpaaneHHe HMllYJibCa pe30HaHca B 3TOH CHCTeMe 
H npoeKTHpyeTCJI CllHH. IJ03TOMY ace HanpaBJieHHJI)(H) 
npeo6pa3yJOTC11 APYr a Apyra apameuueM aeKTopa HMnynLca 

pe30HaHCa B 3TOH BhiAeJieHHOH CHCTeMe OTC'IeTa. 

** c u Tporo rOBOpll, TO'IKH npoCTpaHCTBa CKOpOCTeH npeA-
CTaBJiliiOT C060H BCeB03MO)I(Hhle llOJIO)I(eHHJI 6e30THOCHTenh­
HOH {K Bhi60~Y KaKax-nH60 CHCTeM OTC'IeTal CKOpo­
CTH / 9 ,1 -13/ qacTHUhl HJIH CHCTeMhl OTC'IeTa, Ha3hJBaeMOH 

"MHpOBOH CKOpOCTbiO" /13/. )];Jill ynpoJ.UeHHll H3JIO)KeHH11 Mbl 
onycKaeM 3TO Ba)KHOe llOHliTHe "MHpOBOH CKOpOCTH", HO 

acerAa noApa3yMeaaeM ero TaM, rAe roaopHM o cacTeMax 
OTC'IeTa HJIH CHCTeMaX llOK011 qaCTHU B npocTpaHCTBe CKO­

pOCTeH no6a'leBCKOro. 
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B KatJ:CCTBC KOOp)J.HHaT CHCTCMbl llOKOJI tJ:aCTHJJ;bl B 3TOM 

npOCTpaHCTBC MO)I(HO HCI10Jlb30Ba Tb OpToroHaJibHbiC KOM­

llOHCHTbl (X, y , Z) BCKTOpa OTHOCHT~JlbHO~ ~KOf.OCJH tJ:aC­

THJJ;bl B Bbl,li,CJICHHOH CHCTCMC OTC'1CTa "0" ' 8 ,l),l •13 . B 
3THX KOOp,li,HHaTaX T0'1KH llpOCTpaHCTBa CKOpOCTCH llo6a­

'1CBCKOrO 3allOJIH.IIIOT 3BKJIH,li,OB map X 2 + y 2 +- Z 2 < 1 C 

UCHTpOM B T0'1KC ."0" /rrOCKOJibKY OTHOCHTCJibHhlC CKOpo­

CTH peanbHbiX tJ:aCTHU orpaHH'1CHbl CKOpOCTbiO CBCTa/. 

TaKoe eBKJIH.D.OBO npe,ll,cTaaneuue npocTpaucraa llo6a­

qeacKoro Ha3biBaiOT MO,li,CJibiO bCJibTpaMH, a HCI10Jlb3YC-

MbiC KOOP.D.HHaTbi (x, y , z ) -Koop,li,HHaTaMH lienbT-

paMH /l 2 ,l 3 ,l 8 , rpaHHtJ:Ha.R C~Cpa x 2 +y 2 -rz 2 = 1 Ha3biBa­

CTCR a6COJIIOTOM llpOCTpaHCTBa llo6atJ:CBCKOrO H IIpC,li,CTaa­

JIRCT 6CCKOHC'1HO y,ll,aJICHHbiC CrO T0'1KH. 

MexaHHKa KOHTaKTHbiX CTOJIKHOBCHHH tJ:aCTHU B o6pa3aX 

rrpocTpaHCTBa CKOpOCTCH llo6atJ:CBCKOro BITCpBblC C~op-
q 9,10 1 B ~.h 

MYIIHpOBaHa CpHHKOBbiM' paMKaX 3TOH '!'OpMynH-

pOBKH paCCMOTpHM 6HHapHyiO peaKJJ;HIO 

a-rb-.A+B. /1/ 

B rrnocKocru pO)I(,li,CHH.R qacTHII A u B BBC.D.eM .D.CKaproBy 

CHCTCMY KOOp,li,HHaT C HatJ:aJIOM B T0'1KC C, llpC,li,C1aBJIRIOLUCH 

co6oii CUM peaKu;uu, H OCbiO X, HanpaaneHHOH B,li,OJib 

OCH peaKIIHH. KoOp,li,HHaThl CHCTCM llOKO.Il tJ:aCTHll, yqacT­

BYIOLUHX B peaKIIHH /1/, B MO,li,CJIH bCJibTpaMH IlJIOCKOCTH 

pO)I(,li,CHHR I puc. la/ paBHbi: 

pJI 
X=~-

. E. Y. 
I 

I 

pl 
~ 

E. 
I 

i =a,b,A,B, /2/ 

r ,li,C p,11 , p ~ , E i - IlpO,li,OJibHa.R H llOI1CpC4HaR KOMIIOHCHTbl 
I 1 ~ ~. , , 

HMIIynbca u rronua.11 3HeprH.Il qacTHUbi t B CUM peaKIIHH. 

Paccro.RHHe p.K MC)I(.li.Y .D.BYM.R TOtJ:KaMH "i "(x. , y. ) u 
I I I 

"k "(xk,Yk) Ha IIJIOCKOCTH llo6atJ:CBCKOrO Bblpa)l(aCTC.Il ~op-

MYJIOH /11,12, 18/ .. ---

p . = LEn l..:t_'L.!_-:~_2 _ 
•k 2 r:---

1 -\' 1- r 2 
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• 

r.D.e 

r = 1 / ch P ik 

2 2 2 2) v'O- X i - y i ) (1 - X k - y k 

1-xixk-Y;Yk 
/3/ 

Ecnu O.D.Ha H3 T0'1CK, HanpuMep, Hk ", coarra,ll,aeT c HatJ:anoM 

KOOp,li,HHaT, TO Bblpa)I(CHHC /3/ ,ll,aCT paCCTOJIHHC OT T0'1KH 

"i ".D.O HatJ:ana KOOP.D.HHa T. 

Ecnu MaCChi rn ; ( i = a, b , A , B ) qacTHU, yqacrayromux 

B peaKJ.J;HH/1/,~HKCHpOBaHhl, TO 3aKOHhl COXpaHCHH.Il 3HCp­

rHH- HMllYJibCa orpaHH'1HBaiOT KHHCMaTH'1CCKH B03MO)I(HblC 

rrono)I(CHH.R qacruu A u B ua nnocKOCTH ux pO)I(,li,CHHR 

.D.HaMeTpanbHO nporuaonono)I(HbiMH TOtJ:KaMH A u B nony­

oKpy)I(HOCTeii ' c uenrpoM a TOtJ:Ke "C ",rrpe,ll,cTaannromeii 

CUM peaKUHH. HeeaKnH.D.OBhl pa,ll,uycbi ux paBHbi /II· f :1' 

2 
ch f> = ( s + rn 

CA(JJ) A(JI) 
2 -rn 
Jl( A) 

--
)/2m A(JI) yS, /4/ 

r,ll,c s - KBa.D.paT nonnoii 3Hepruu B CUM peaKIIHH. EBKJlH­

.D.OBbl pa.D.HYCbl R", R 11 ux o6pa3oB B MO.D.CJIH lienbTpaMH 

paBHbl 

R = th r> 
A(ll) t:'\(B) /5/ 

CCJIH HatJ:aJIO KOOp,li,HHaT MO,li,CJIH llOMCLUCHO B T04-

KY T" I puc. la/. 
B ,ll,aJibHeiiweM HaM rrorpe6yercn noMeCTHTb ua4ano 

KOOp,li,HHaT B T0'1KY • a·: npe,li,CTaBJIRIOLUYIO co6oif CHCTCMY 

IIOKOR O,li,HOH H3 CTOJIKHYBlllHXCR tJ:aCTHll ,li,O B3aHMO,li,CHCTBHR, 

T .C. COBCplllHTb npeo6pa30BaHHC JlopCHJJ;a C llCpCHOCHOH 

CKOpOCTblO X ,.,. 

Tor,ll,a B MO,ll,enu lienbTpaMH nonyoKpy)I(HOCTH I puc. la/ 
rrpeo6pa3yiOTCR B I10JIY3JIJIHI1Cbl jpuc. 16/. rpaHHtJ:Ha.R OK-

PY)I(HOCTb 

X2+Y2 =1 
3TH IlOJIYOKpy)I(HOCTH B ITJIOCKOCTH 6HHapHOH peaKIIHH 

/1/ .IIBJI.RIOTC.Il CBCpTKaMH ITO a3HMyTaJ1bHOMY yrny c/> /.RB­

JI.IIIOLUCMYC.Il yrJIOM OpHCHTaJJ;HH 3TOH ITJIOCKOCTH/ "c~ep 
CTOJIKHOBCHHH" B llpOCTpancrre CKOpOCTCH, BBC,li,CHHhlX B 
KHHCMaTHKY qepHHKOBbiM I. · . 
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Puc. 1. KuHeMamuKa 6uHapHoii peaKt~UU a+ b-> A+ B 6 Mo­
OeAu IieA&IIIpaMu Hee6KAUOo6oi.i nAOCKocmu poJICOeHUJI pe3o­
HaHca A: a/ Hat.taAo KoopOuHam IieA&IIIpaMu 6 mot.tKe "C", 
U306paJICaiOflleii Cl(M peaKijUU; 6/ Hat.taAO KOOp0UHa111JieAb111-
paMU 6 1/IOt.tKe "a", U306paJICQIOflleU CUCI/IeMy nOKOJI t.tQCI/IUijbl 
00 63QUMOOeiiC1116UJI. 
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HBRHeTCH reOMeTpH'IeCKHM HHBapHaHTOM 3TOrO npeo6pa3o­

BaHHH I puc. la,61, a HMeHHO, a6comoToM HeeaKnH~oao:H 
llflOCKOCTH po:>K~eHHH B MO~enH lienhTpaMH. 

Anre6paH'IeCKHe HHBapHaHThl S H t , HCllOflh3yeMhie 

B KHHeMaTHKe 6HHapHhiX peaKI.J;HH, CBH3aHhl C COOTBeT­

CTBYIO~HMH reoMeTpH'IeCKHMH HHBapHaHTaMH /HeeBKRH~O­

BhiMH ~flHHaMH p ab , p AB H p aA , pbH OTpe3KOB ab , AB , 
aA, bB I puc. la,6/ I H MaccaMH qacTHU:, yqacTBYIO~Hx 

B peaKU:HH, COOTHOIIIeHHHMH ;ll.l 4 / 

2 
s =ill a 

2 2 2 
+ mb+2mambchp 11 b=mA + m 11 +2mAmBchpAB 

2 2 
= m + m - 2 m m A ch p A 

a A a a m~ +mi1-2mbm 11 chpbll · 

/6/ 

ll03TOMy BeJIHlJHHa s Ollpe~eJIHeT HeeBKJIH~OBhl paCCTOH­

HH.R (J ah H flAil Me)l(~y lJaCTHI.J;aMH a., b ~0 B3aHMO~e:ii­
CTBH.R H A, B - nocne B3aHMo~encTBH.R, a TaK)I(e pa~HYCLI 

flc", fl , 
1 

nonyoKpy)I(HOcTeu ~nx qacTHU: A u B /no <bopMy­

naM )'47 H /6/ I, npH'-IeM flc" + p c 11 ~ fl A II" BenH'IHHa 

(-t) KBa~paTa nepe~aHHoro HMnynbca onpe~en.ReT paccTox-

HHe (l aA HJIH (-\,Jl , 3a~aiO~ee llOJIO)I(eHHe ·cHCTeMhl llOKOH 

qacTHU:hi A (B) Ha cBoeu nonyoKpy)I(HOCTH. 

llycTb qacTuu;a A - pe3oHaHc co cnHHOM. Tor~a B 

llJIOCKOCTH pO)I(~eHHH Ha6opy KHHeMaTH'IeCKH B03MO)I(HhiX 

nono)l(eHHH TO'IKH "AN, npe~cTaBJI.Rro~eu cucTeMy noKox 

pe3oHaHca A, Ha cBoeu nonyoKpy)I(HOCTH cooTBeTcTByeT 

MHO)I(eCTBo HanpaBneHHH I coBoKynHOCTh npHMhix/, B~OJih 

K'OTOPLIX Bhi6HpaeTcx OCh KBaHTOBaHHH cnHHa qacTHU:hi A 
3TH HanpaBneHHH MO)I(HO CB.R3aTh ~pyr C ~pyrOM KHHeMaTH­

qecKH npu noMO~H nyqKa npxMhiX Jio6alJeBcKoro. TaKax 

KHHeMaTH'IeCKaH CBH3h BhiTeKaeT H3 TOrO, 'ITO llpHMhie 

llY'IKa npeo6pa3yiOTCH ~pyr B ~pyra ~BH)I(eHHHMH B llJIOCKO­

CTH Jlo6alJeBCKOro · l2,l8 , 3KBHBaJieHTHhiMH npeo6pa30Ba­

HHHM JlopeHI.J;a
1 61 

· AnpHOpHhie HanpaBJieHHH, B~OJlh KOTOphiX 
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3aAaeTCH OCh KBaHTOBaHHH 1(H), KHHeMaTHqecKH CBH3aHhl 

APYr C ApyroM HMeHHO ITOTOMy, qyo•OHH o6pa3yroT B nno­

CKOCTH llofiaqeaCKOrO TpHBHaJILHhl~ .HKCHpOBaHHhl~ nyqoK 

npHMhlX, nepeceKaiOII.\HXCH a ToqKe "a" ("C ")/puc. 16/. 
ToqKa nepeceqeHHH npxMwx nyqKa Ha3LIBaeTcH ero no­

nwcoM. llyqoK, ITOJIIOC KOTOporo Jle*HT BHYTPH a6COJIWTa 

x 2 
+ y 2 

= 1, Ha3LiaaeTCH 3JIJIHITTHqecKHM. CoaoKynHocTH 

oce~ KBaHTOBaHHH 1 H H npHHaAJie*aT K nyqKaM 3JIJIHn­

THqecKoro THna. B npocTpaHCTBe Bo6aqeacKoro cyll.\ecT­

aywT TaK*e napa6onuqecKHe nyqKH /noJIIOc ne*HT Ha 

a6conwTe/ H rHnep6onHqecKHe nyqKH /nonwc ne*HT BHe 

a6COJIWTa/. 

11cnoJIL30BaHHe nyqKa npHMhlX BofiaqeacKoro AJIH napa­

MeTpH3aU.HH HanpaaJieHH~ AHHaMHqecKO~ OCH )l.- H B pa3-

JIHqHhiX CHCTeMaX ITOKOH ll03BOJIHeT llOJiyqHTh KHHeMa TH­

qecKyffi CBH3h HX Me*AY C060~. HanpaaJieHHH AHHaMHqecKO~ 

OCH )l,-H OKa*YTCH KHHeMaTHqecKH CBH3aHHhiMH, eCJIH 

OHH fiYAYT npHHaAJie*a Th HeKOTOpOMY anocTepHOpHOMY nyq­

KY npHMLIX BofiaqeacKoro, noAo6paHHOMY a pe3yJILTaTe 

aHaJIH3a 3KcnepHMeHTaJILHLIX AaHHLIX. 

4. MET0,4 II0,4EOPA IIYT.JKA 

)l,JIH Ka*AOrO llOJlO*eHHH CHCTeMLI ITOKOH pe30HaHCa 

A Ha caoe~ nonyOKPY*HOCTH HanpaaneHHe AHHaMuqecKo~ 

ocu .D.- H a nnocKocTH PO*AeHHH oTnuqaeTcH Ha yron noao­

poTa e(t) OT HanpaBJieHHH OCH KBaHTOBaHHH 1 · 3TOT yrOJI 

BhlqHCJIHJICH ITO .OpMyJiaM /
4 •5

/ 

2 '1/2 Re P IO 
AJIH BeKTOpHOrO Me30Q,a 

tg2e(t) = 
p 00 - p I I + p I -I 

4Rep 3 I/v3 --------· ++ 
AJIH H3o6apLI A , 

PI I + P 33 + 2 ReP 3-I IV 3 
/7/ 
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rAe · p ik - 3JieMeHThl MaTpHIJ.LI nnoTHOCTH pe3oHaHca A a 

cHcTeMe 1 *. TeM caMLIM a nnocKOCTH PO*AeHHH pe3oHaHca 

A3aAaeTCH COBOKYITHOCTL HanpaaJieHH~ AHHaMHqecKO~ OCH 

.D.- H, cooTBeTCTBYIOII.\aH pa3nHqHLIM 3HaqeHHHM t /noKa3aHa 

cTpenKaMH Ha puc. 16/. 
3Ta COBOKYITHOCTL HanpaBJieHH~ napaMeTpH30BaJiaCL 

npOH3BOJILHLIM nyqKOM npHMLIX Ha ITJIOCKOCTH PO*AeHHH C 

nonwcoM a HeKoTopo~ yoqKe P /puc. 16/. BLipa*eHHe AJIH 

yrna e p ( t) Me*AY npHMO~ nyqKa H OCLIO KBaHTOBaHHH 

.J HMeeT BHA 'IS/: 

sine rJt) = 

I 2 2 
(1-xA-YA 

V (A 2-:112 -1)(~ ~ +Y ~) 

A 
yA-yP 

xp y A -xAyP 

Xp -XA 
f1 = 

xPyA-xAyP 
/8/ 

3AeCL X A, Y A - 6eJILTpaMHeBLI KOOPAHHaTLI pe30HaHCa 

AHa caoe~ nonyoKPY*HOCTH, a x I' , y I' - 6eJILTpaMHeBLI 

KOOPAHHaTLI llOJIWCa nyqKa p /HeH3BeCTHLie napaMeTpLI/. 

3KcnepHMeHTaJILHhlM Ma TepHaJIOM HBJIHJlHCh ony6JIHKO­

BaHHhle AaHHLie 0 t - 3aBHCHMOCTH 3JieMeHTOB MaTpHIJ.hl 

ITJIOTHOCTH AJIH p , K* 0 
H ~ ++_pe30HaHcoa, o6pa3oBaHHLIX 

a 77p, Kp, pp -peaKU.HHx/ 19- 26/. llo 3HaqeHHHM 3JieMeHToa 

MaTpHIJ.hl ITJIOTHOCTH B k -oM HHTepaaJie t BhlqHCJIHJICH, 

cor nacHo /7 I, yron noaopoTa e(t k ) . Ha6op yrnoa l e(t k) I 
/pUC. 2/ annpOKCHMHpOBaJICH KpHBO~ e p(t ,Xp, y p), BLI­

qHCJieHHO~, COrJiaCHO /8/, AJIH npHMLIX ITOA6HpaeMoro nyq­

Ka. 

* BenHquit_a_um--orii>eAenxeTcx H3 •opMyJILI /71 c Toq­

HocTLw ± 77/2. 3Ta TpHrOHOMeTJ.?HqecKaH HeOAH03HaqHOCTh 
pa3pewanacL, KaK H a pa6oTe / 5/;.J<aqecTaeHHO H3 ycnoaHH 
rJiaAKOCTH t -3aBHCHMOCTH yrna ott) H a(t), y(t) napa­

MeTpOB .D.- H. 
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IlapaMeTphi Kpuaoii - HeH3BeCTHbie Koop,nuHaTLI (xp•Y p) 
nonroca nyqKa P u KonuqecTBeHHaH oueHKa cornacus Ha­
npaaneHuii ~-H c 3THM nyqKoM onpeAensnucL MHHHMH3a-

- 2 .... uueu x -'~'yHKUHOHana 

2 
X 

N:m; 8(tk)- 8p(tk,xP ,yp) ]2 
L r ---------- , 

k=t ~e(tk) 
/9/ 

r.ne \ O(t k) - ouiH6KH B yrne noaopoTa, BhJqucneHHble H3 
3KCnepuMeHTaRhHhiX OlliH60K i\p ij 3ReMeHTOB MaTpHUbl 
nnOCKOCTH. 

5. OECY)J()J,EHHE PE3YJibTATOB 

0 ++ 
Pe3ynLTaTLI MHHHMH3auuu .nns p , K*' H i\ -pe3o-

HaHCOB npHBe,neHhl B ma6A. 1. liRH3KHe K e,nHHHUe 3Haqe­
HHH x2 I NDF I NDF - qucno CTeneHeii CB060,nhi/ CBH,neTenh­
CTBYIDT 06 y,noaneTBOpHTeRhHOM cornaCHH COBOKynHOCTH 
HanpaaneHuii ,nuHaMuqecKoii ocu ~- H c no,no6paHHhiM nyq­
KOM npRMbiX p .Haii,neHHhie 3HaqeHHJI (X p, Y I' ) KOOp.I{HHa T 
nonroca no3aonRroT onpe,nenHTh Tun nyqKa P . CoaoKynHOCTh 
HanpaaneHuii ,nuHaMuqecKoii ocu ~- H ,nnR pacna,noa p u 
K *0 

-pe3oHaHcoa onucbiBaeTcH nyqKaMH runep6onuqecKoro 
Tuna B HHTepaane HMnynhCOB nyqKOBOH qacTHUbl pL "" 

= 2,8717 F:JB/c. HanpaaneHHJI ,nuHaMuqecKoii ocu ~-H 
,nnR ~ + + - H3o6aphi onucbiBaiOTCJI nyqKaMu 3nnunTuqecKoro 
Tuna B HHTepaane PL ~ 12 7 17 F:JB/c. 

Ha puc. 2a- o cnnolliHoii nuHueii noKa3aHa t'- 3aaucu­
MOCTh yrna ep (t' ), Bbi'IHcneHHaR, cor nacHo /8/, no no­
.no6paHHbiM 3HaqeHHJIM Koop,nuHaT non10coa ( x p.y p ). Bu.n­
Ho, qTO 3KCHepHMeHTanLHaJI t '- 3aBHCHMOCTh yrna llOBOpOTa 
8(t') y,noBneTBOpHTenhHO OnHCbiBaeTCJI no,no6paHHOH Kpu­
BOH. ~nH cpaBHeHHJI B ma6A. 1 npuae,neHbl TaiOKe 3HaqeHHJI 
X 

2 
/NDF ,nng 3nnunTuqecKHX nyqKOB J H H. 3HaqeHHJI x2 /NDF 

,nnR nyqKoB J u H cymecTBeHHO 6onLllle e,nuHHUhl, T.e. 
3KCnepHMeHTanLHaJI COBOKynHOCThHanpaaneHHH.I{HHaMHqec­
KOH OCH ~-H pe3KO He COrnacyeTCH C o6menpHHHTbiMH 
nyqKaMH J u H HeHHBapuaHTHoro KBaHTOBaHHH cnuHa. 
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Han~euua~ KHHeMaruqecKa~ CB~3L uanpaBneuuu ~uua­

MuqecKou OCH )1,-H B pa3JJHqHbiX CHCTeMaX llOKO~ pe30Hau­

COB ll03BOJI~CT aHaJIH3HpOBaTb t- 3aBHCHMOCTb HX llOJI~pH-

3aUHOHHbiX COCTO~HHH llpH llOMOIUH a , {1 , y - napaMeTpOB 

)1,-H. 3TH napaMeTpbl MO:>KHO Bbl'lHCJIHTb, HCXO~~ H3 Ollpe­

~eneHHhlX 3KCllCpHMCHTanLHO 3JICMCHTOB MaTpHUhl llJIOTH0-
,1., •3-5/ CTH, llO npHBe~eHHbiM K e~HHOMY BH~Y q>OpMynaM. : 

a 
= 0,5 H B-C+ 2 A)+ ;o;+C)

2 
+( 20)2 I, 

y 

fl = At C 

~n~ BCKTOpHbiX MC30HOB 

Ac (1-p )/2 
()U I 

B = (3p -1)/2 
00 

C c p I 
1-

D = v 2 ReP 10 

f t 
~n~ \ - H 3o6apLI 

A=(l+4p )/6 
:J3 

B= (l-4p ) /2 
3:J 

C =2Re p / v 3 
3-1 

D = 2 Rep :JI , ' v 3 /10/ 

Ha puc. 3a- o noKa3aua t - 3aBHCHMOCTL napaMerpoB 
() + + 

a, {1, y ~n~ pacna~OB (! ,K 1 H \ -pe3oHaHCOB, BblqHc-

JICHHa~ cornacuo I 101. 3ra 3aBHCHMOCTh HMeer npocry10 

H qeTKYlO CTpyKTypy, a HMCHHO - MO:>KHO Bbl~CJIHTb O~HY 

HnH ~BC o6naCTH KBa3HllOCTO~HCTBa 3HaqeHHH a , {1 , }' . 
06nacru 3Haqeuuu t , B Koropou ua6JIIO~aerc~ pe3Koe 

H3MCHCHHC 3TH X napaMeTpOB, MO:>KHO llOCTaBHTb B COOTBCT­

CTBHe o6nacrb H3Meueuu~ uaKJIOHa ceqeuu~ du 'dt coor­

BCTCTBYIOIUero $H3HqecKoro KaHaJia. B qacTHOCTH, Ha 

puc. 3a,6 napoH nyHKTHpHhlX nHHHH OTMeqeua 06JiaCTb 

H3Meueuu~ uaKJIOHa ceqeuu.H dol dt B KaHaJie ITP ~p"n no 
'2- 2H' 

~aHHLIM pa6or' '· · . TaKoe ~HHaMuqecKH onpe~eneuuoe 
noBe~euue napaMerpoB a , ~ , y no~TBep:>K~aer npe~no­
JIO:>Keuue aBropoB pa6or I 4•5 · o $yu~aMeuranhuou ponu 

3THX napaMeTpOB llpH HCCJIC~OBaHHH llOJI~pH3aUHOHHhiX CO­

CTO~HHH pe 30HaHCOB H yKa3aHHe 0 Ba:>KHOCTH HCCJIC~O­
BaHH~ "npupo~LI uanpaBJieuu~ ~HHaMuqecKou ocu )1,- H, 

pemaiOIUCH qacTb ~HHaMHKH CHJibHhlX B3aHMO~CHCTBHH"' -1, 

18 

q. 3AKJI/OlJEHHE 

B Hacro~IUeH pa6ore noJiyqeua HHBapuaurua~ napaMeT­

pH3aUH~ COBOKYllHOCTH HanpaBJICHHH ~HHaMuqecKOH OCH 

)1,- H npu noMOIUH nyqKoB np~MLIX Jio6aqeBcKoro. )J,JI~ 

p' K*
0

' \ ++ -pe3oHaHCOB B HHTepBaJie nepe~aq v-~ .~ 0 -0_ 1 
IO -0_ 21 I r:JB/cl H HMllYJibCOB p L 0 ' 2,8717 F:JB/c no­

~o6paHHLie napaMerpw nyqKoB no3Bon~IOT y~oBJICTBopu­

TCJibHO OllHCaTb 3TY COBOKYllHOCTb HanpaBJICHHH llO~o6pau­

HbiM nyqKoM np»MhiX Jio6aqeBcKoro. TaKoe onucauue no-

3BOn~eT H3yqaTb non~pH3aUHOHHOC COCTO~HHC pe30HaHca 

B pa3nHqHbiX CHCTCMaX llOKO~, OTJIHqaiOIUHXC~ BenuqHHOH 

t, npH llOMOIUH C06CTBCHHbiX 3HaqeHHH MaTpHUbl llJIOTHOCTH­

a, f3 , y - napaMerpoB )1,- H. t - 3aBHCHMOCTb napaMerpoa 

a, (), y HMCCT llpOCTYIO CTpyKTypy, CB~3aHHYIO C ~HHa­
MHKOH o6pa3oaauu~ pe3ouauca. 

Ilonyqe HHblC pe 3 yJib Ta Tbl ~Bn~IOTC ~ 3KCllepHMCHTaJib­

HbiM CBH~eTenbCTBOM B llOnh3Y yKa3aHH~ 4epHHKOBa 0 

TOM, qro "CllHHOBblC XapaKTCpHCTHKH qacTHU CJie~yeT OT­

HOCHTb K npocrpaHCTBY CKOpOCTCH /JlofiaqeBCKOro/, a HC 
'II 

K npOCTpaHCTBY KOOp~HHaT . "' ' 

B 3aKniOqeuue aBTOphi 6naro~ap~T P .A. Au~peeay u 

A.<l>.JlyKb~Hueaa 3a noMOIUL B uanucauuu qacru nporpaMM 

H IO.M.KonecuuKoBa, yqacTBOBaBmero B uaqaJILHOM 3Tane 

pa6orw. Ouu 6Jiaro~apuw H.C.CauToay H 6.A.lliax6a3~Hy 

3a none3uoe o6cy:>K~euue nonyqeuuwx pe3yJihTaToB. O~HH 

H3 aBTOpOB /3. l. b./ Bblpa:>KaeT CBOIO llpH3Ha TCJibHOCTb 

A.M.IiaJI~HHY, A.A.Ky3ueuoBy H M.H.CoJIOBLeBy 3a no~­

~ep:>KKy HCCBKJIH~OBa llO~XO~a K aHaJIH3y peaKUHH npH BLI­

COKHX 3HeprH~X, B paMKaX KOTOpOrO BblllOJIHCHa HaC TO~­

IUa~ pa6ora. 
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