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Bb!COKHX :rneprHit .Il-56/2 06'be,D;J/lHeHHOrO HHCTnTyTa MepHh!X HCCJie,ItOBa'." 
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MHoxeCTB9HHUe npoueccbl nplll BblCOKJ/lX 8HeprMHX ,ItailT Ba.lltHYD 1/lH

cpopMaD)rn B o6JiaCTJ/l qll/l31/lKJ/l 8JI9MeHTapHblX tJaCTlllU. C pOCTOM 8Hepnrn 
CTaJlKlllBaDll\l/lXCH tJaCTJ/lU BU3HJ/lKailT TPY,ItHOCTJ/l B J/l3BJieqeHJ/llll 3TOI! lllH

cpopua.ullllll lll3 8KCneplllMeHTaJibHO nOJiytJeHHOll. 3Tlll Tpy.n;HOCTJ/l yKa3blBa
DT Ha He.n;octaroqHOCTb cymecTBYDll\lllX MeTO,ll;OB 1/lCCJie,ItOBaHJ/lR MHO
rotJaCTJ/ltJHblX peaKUl/ll! Ill He06XO,Itl/lMOCTb pa3B1/lTJ/lH HOBblx.0,nHHM R3 T8Kl1X 
MeTO,ItOB JlBJIJieTCSI 8H8JIU8 peam~ml B RHBapHa.HTHHX o6pa38X npoCTpaH

CTBa CKOPOCTett ]o6atJeBCKoro. HaCTOSI!!lM ,nn:ccepTaURSI co,nepXRT 

8KCnepHMeHTaJibHble pe3yJibTaTbl, noJiytJeHHble nplll aHaJIJ/l3e B 
3THX o6pasax peaKUllllll n-p.,. Pn•n-n- nplll 5 rsB/c Ill ony6JilllKoBaH-

HblX ,ll;aHHHX O t- 3aBJ/lCJ/lMOCTH 3JleMeHTOB. MatpHUbl IIJIOTHOCTH pac-
. D ltO ++ Ila,ll;OBf-, K - Ill 6. - pe3 OHaHCOB • .l{JllcceptaUlllH COCTOJ/lT J/l3 BBe.D;e-

HlllH, 5 rJiaB, 3aKJIDtJeHlllH Ill ,ll;IIYX nplllJIOXeID!l!, 
~~~ .D;aHa noctaHOBKa reMbl, o6ocHoBaHHe MeTo.D;a ee pas

pa6oTKlll Ha OCHOBe npe.D;CTaBJieHJ/lH KlllHeMaTJ/lKH B npocTpaHCTBe CKO
pOCTel! Jio6atJeBCKoro. PacCMOTpeHa CTeneHb HOBJ/l3Hbl Ill HaytJHaH ueH
HOCTb pe3yJibTaTOB, nonyqeHHblX nplll pa3pa60TKe Tew. 

B nepa_2!_~~ npnae.D;eH o63op sxcneplllMeHTaJibHblX xapaxrepHc
TlllK Ill ueTO,ll;OB auanlll3a MHOrotJaCTJ/ltJHblX peaKUJlll!. Oco6oe BHJ/lMaHllle 
y,n;eJieHO 6HaJIH3Y o6pa30Balll/lH Ill ]Xl.CII8J(a pe30HaHCOB. 

JlHHaMJ/lKa o6pa30BaHJ/lH pe30HaHCa XapaKTeplll3yeTCH ero ,ll;JllcjxfJe

peHUJ/laJibHblM ceqeHllleM d fi / d t , r.zte t - KBa.D;paT 4-lllMIIYJibca, 
nepeMHHblll pesoHaHCY OT O,ll;HOll J/l3 CTaJIKJ/lBailll\lllXCH qaCTlllU. 3ro ,ll;J/l!p
cpepeHUJ/laJibHOe cetJeHHe o6blqHO Oill/lCblBaeTCH CYMMOI .D;BYX 8KCilOH9HT 
C pa3JIHtJlllUIJ/l IIOKa3aTeJIIIW! • .IlBYXKOMnOHeHTHaa CTpYKTypa cneKTpa 
d tS" / di HHTepnpeTHpyeTCH K·ax npOHBJieHJ/le ,ll;BYX MeXaHJ/l3MOB oCipa-

30BaHHH pesoHaHca. 
.IlJIH Bbl,D;eneHHH pe30HaHCOB B MHOroqaCTJllqHblX peaKUJ/lHX HCilOJib-

3YDTCH pasJil/ltJIU,le MeTO,ll;bl! HanplllMep, MeTO,ll; "menH" B pacnpeAe~e
HJ/lH no npo,ll;OJibHOl! 6blCTpOTe '.:J , aHaJIH3 B npocrpaHCTBe npO,ll;OJib
HblX 1/lMnyJ!bCOB ( LPS - M8TO,n;), o6pesamie no nepe.n;aqe t . MeTOA 
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LPS H Mero.I( "nteirn" B pacnpe.iteJieHHH no Y. xopomo paCloraDr B 
aCHMIITOTll'10CKOJ.I rrpe,ll,0Jl0 7 KOr.l{a 3HeprHSI S + OO • IlpH yuepeHHUX 
:rneprHSIX ( PL.A & z 5 - 20 r3B/c) H Ma.JWX MHOJ:8CTBeHHOCTSIX JIY'llIIHe 
pe3yJILTaTH .itaeT oClpe3aHHe no t • Ho C ~H3H'l0CKOtt TO'IKH 3peHHSI 
POllC.lt0HHe pe30H8HCOB C ClOJILfilH.l.ll! I:, SIBJISle:rca peaJILHHM H :rruae 
npe.l{CTaBJISleT HHTepec. Ha.iteXHOe BH.l{eJieHHe TaKHX pe30HaHCOB MOEeT 
.itaTL, HanpHMep, HHqJOpMauHD O KaCKa.l{HliX MexaHH3Max HX oelpa30Ba
HHSI. 

Pacna.it pe30HaHCa OllHCHBae:rca B :repM.l!HaX 3JieMeHTOB MaTpHUH 
11llOTHOCTH • .ltJISI onpe.iteJieHHSI 3JieMeHTOB MaTpHUU IlllOTHOCTH B CHc:re
Me ITOKOSI pe30HaHca 3a.itae:rca .l{eKap:roBa CHCTeMa KOOp.l{HHaT X'1 ~, 
HanpaBJieHHe C - OCH KOTopol BHClHpaeTCSI aa OCL KBaHTOBaHHSI ero 
CllHHa. B 3KCnepHMeHraJILHOI npaKTHKe OClH'IHO HCITOJIL3ye:rca HJIH CHC
TeMa KOOp.l{HHar ror~pH.ita-nxeKCOHa (:)) , HJIH CHCTeMa KOOp.l{HHaT 
"cnHpaJILHOCTH" ( H ). 

. t- 38.l!HCHMOCTL 3JieMeHTOB MaTpHUU OJIOTHOCTH B ( J )-.l!JIH ( H )
CHCTeMaX BHpaxae:r CBSl3L .l{HHaMHKH pacna..ita prooHaHca C .l{HHaM.l!KOI 
ero oClpa30BaHHa. 3Ta 3aBHCHMOCTL HMeeT CJIOJ:HHI BH.lt, TPY.ltHO llO.l{
.l{aDntHICSI KaKOI-JIHClO .l{HHaMH'leCKOtt HHTepnpe:raUHH.· B Taitol CHTya
UHH llOJie3HHM OKa3aJIOCL npe.l{JIOJ:eHHe .ltOHaX.LD H XoraaceHa ( Ph!fS. 
Lt tt., 25B, 554, 1967) aHaJIH3HpOBaTL pacrr~ BeK:ropirax Me30HOB 
B Tepwrnax, HHBapHaHTOB ua:rpHuu IIJIOTHOC TH. IlpH HHBapHaHTHOM OIIH
CaHHH pacna.ita pe30HaHCa OCH KBaHTOBaHHSI ero CllHHa BHClHpaDTCSI 

. t 

B,ll,OJIL HarrpaBJie HHI C - ocea ".JtHHaM.l!tzeCKOI" CHCTew KOOp,!tHHaT . 
Jtonaxu-Xoraacena (.lt-H) • 

~-E!EE.£!..~~ paCCMa:rpHBae:rca CBSl3L KHHeMaTHKH peaKUHA 
C npocTpaHCTBOM CKOpocren JI0Clat1eBCKoro. ITOHHTHe "npocrpaHCTBO 
CKOpoc Tea" H ero CBOltCTBa WJIH cqiopMyJIHpOBaHH A.II. KoTeJIL HHKOBHM, 
B.A.~OKOM H H.A.qepHHKOBHM. Ha OCHOBe 3Toro llOHHTHSI H.A,qepHH
KOBHM ClHJIO .l{aHO reoMeTpHtzeCKOe npe.itc:raBJieHHe peJIHTHBHCTCKOtt KH
HeMaTIIKH. 

JlJIHHa o:rpe3ita JIDCloa npauon a npoc :rpaacrae cKopoc:rea Jio<la
t1eBcKoro HBJIHeTCH HHBapHaHTOM rpyrrnu JiopeHua~I. 

~1 
rpynna JiopeHua SIBJISierca no.itrpynnon npoeKTHBl!b!X npeoClpa3oBa-
HHtt, OCHOBHllM HHBapHaHTOM KOTOpHX CJIYXHT aHrapMOHHtzeCKOe OT
HomeHHe. B CHJIY 3TOro aarapMOHHtzeCKOe OTHOmeHHe SIBJ!Jlerca 
TaKJ:e JIOpeHU-HHBapHaHTOM.Rruc noKa3aHO B npHJIOJ:eHHH I, .ltJIHHa 
orpe3xa npawn JioClatzeBcxoro npSIMo cBa3aHa c aHrapMOHHtzeCKHM 
OTHOmeHHeM. II03TOMV .lt/lHHa 0Tlle3xa npa.wH JioClatzeBCKOro TaKXe 
SIBJiaercSI HHBapHaHTnM rpynnu nopenna. 

2 

3ry .ltJIHHY Ha3HBailT npO.ltOJ!LHOtt <lHCTporon y B CJiytzae, Kor.ita npa
MaJI JioOatzeBCKoro COBna..itaeT C HanpaBJieHHeM Bexropa CKopOCTH CTaJI
KHBailntHXCSI tzaCTHU (OCLD peaKUHH). H3Becrnaa HHBapHeJITHOCTL pac
npe.iteJieHHSI no !:J npH JIOpeHU-C.l{BHrax B,l(OJIL OCH peaxnHH SIBJISleT
ca CJie.l{CTBHeM a.lt.l{HTHBHOCTH CJIOXeHHSI .l{JIIDI orpe3KOB Ha npaMOA.Jio-
OatzeBCKOro~1. • 

Kpowe npawol, B npocrpaHCTBe JioOatzeacxoro HMeorca H ,lij)YrHe 
reoMeTpHtzeCKHe o0pa3H - rpeyrOJILHHKH, JIHHIDt BpanteHHSI, oYtzKH npa
WX_H T • .I(. B reoMeTpHH JioCla'!eBCKoro H3BeCTHH aHaJIHTH'18CKHe COOT-
HOmeHHSI, KOTOpHe BHnOJIHSIDTCSI .ltJISI 3THX reoMeTpHtz8CKHX oelpa30B. 
II03TOM}' B paMKax aHaJIHTH'l8CKOI reoMe:rpHH JioClatzeBCKoro O'!eHL Ha
rJISl.l{HO MO%HO llOJIYtzHTL JiopeHU-HHBapHaHrHHe BHpaxeHHSI JIDClHX IG!He
MaTHtz8CKHX nepeMeHHHX. HanpHMep, yroJI ~xexcona, HCllOJIL3YDntHICSI 
npH aHaJIH3e pacna.ita pe3onanca,nerxo BHtzHCJIHTL 6e3 nepexo.ita B CHC
:reuy llOKOH pe30HaHCa, KaK yroJI TpeyrOJILHHKa B npoc:rpaHCTBe CKO
pocreH JioOatzeBCKOro. IIOMHMO ynpo111eHHSI BH'IHCJI8HHI, reowerpHa Jio
ClatzeBCKoro .itaer cnocoel BB8.l{8HHSI HOBHX C roqKH 3peHHJI ~H3mtH MH
BapHeJITOB rpynnH Jiopeaua. TaKHMH "reoMerpH'l8CKHMH" HHBapHaHTaMH 
SIBJISIDTCSI xapaxrepHCTHKH reOMeTpHtzeCKHX oelpa30B:- llJIOl!la.ltL Tpey
rOJILHHKa, KpHBH3Ha JIHHHH BpallleHHa H r • .l(. l{pHBH3Ha K OJiocxoH nH
HHH BpanteHHSI H paCCTOSIHH8 ii ee neHrpa .ltO OCH peaKUHH HCllOJIL30-
Ba.JIHCL llpH aHaJIH3e peaKUHH 17-p ➔ p rr+n•n- npH 5 r3B/c. BHqHCJie
HHe HHBapHanroB K H '! .i. npoBO.itHJIOCL Ha ocHoae 110.iteJIH Eenupaw 
npocrpanc:raa JioClaqeacKoro. 

B rper.Lel~ ,lt8.HO OllHCaHHe CHCTeMH nporpaw Ha 3BM 
C.JtC-6500 H EJCM-6, npH llOMOIIIH KOTOpHX noJiytzeHH proyJILTara .l{HC
cepranMM. AHaJIH3 3KCnepHMeHTaJILHliX .itaHHHX.IIpOBO.l{HJICH npH llOMOIIIH 
H3B8CTHol·nporpa:L!Mli CTaTHCTHtzeCKOI oClpa<lOTKH .l{aHHHX - nporp8.MM!l 
SUMX. Pacqe:rH no MO.rteJIH o.rtHOITHOHHoro pe.ltJ:H30BaHHoro o<lMeHa npo
BO.l(HJIHCL no nporpawe OP e: RM O • .ltJia pactzeroB no qia.3oBOMY o<l1,
eMY HcnoJIL30BaJiaCL nporpaMMa F ow L • OClpaOorxa .itaHHHX o t - 3a
BHCHMOCTH 3JleMeHTOB MaTpHUU llJIOTHOCTH ocy111ec:rBJIHJiaCL npH llOMOIIIH 
nporpuoru SPIN. ~Jla BHtzeptzHBaHHJI rpa~HKOB M KpHBHX Ha ycrpol
cne CRLCOHP ClHJia HanHcana rrporpawa CAL HIS. 

~1 OTMeTHM, '!TO 3ipl>eKTHBHaa Macca napH qaCTHU H KBa.l{paT nepe.ita.H
Horo 4-HMIIYJILCa t: Trucxe HMeDT reoMeTpHqecKMI Cl!liCJI .ltJIHH 
o:rpe3KOB npaMHX JioClaqecxoro. 
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B qeTB0£!91 rJiaBe Ha OCHOBe KHBapHaHTHOro npe.u;cTaBJieHHll KH
He?.la.THKH B npocrpa.HCTBe CKopocrell IlodaqeBCKoro HCCJie,u;yeTCll p~,11.e-

o ++ HHe J- H A - peaoHaHCOB B peaKIU{H 

rr; Pt. -+ P n+ rr~ rr; I I I 

npH 5 raB/c. IlOJIOXHM, ~JI.Ii onpe,u;eJieHHOCTH, qto 3a,l(aHH BeKTOpli CKO
pocrell BCeX qaCTHU B c.u.M. peaKIU{H / l /. KOHUli 3THX BeKTOpOB 
cKopocrell npe.u;craBJIBDT mecr:i, ToqeK," n; ", " Pi:", " P ", "rr+", "n:i,", 

• n rri_ ", B npoctpaHCTBe CKOpoctelt IlodaqeBCKoro (pHC .I). IlOJIOlleHHe 
L - ll toqKH ( i. .. rr4, Pt, P, n-+ , n1, ni) onpe.u;enaerca rpollKoll den:i,

rpa:wrnBliX KOOp,itilHaT ( .x.,, !:I,, i ,), llBJillDIJUIXCll npoeKUHllMH BeKTOpa 
CKOpOCTH l. - It qacTHUli Ha KOOp,D;HHarime OCH B c.u.M. peaKUHH / 1/. 
ToqKa n C II Ha pHC. I C KOOp,D;HHaTaMH .l:c: ~Ye:= e., =O npe,11.ctaBnlleT 

c.u.M peaKUHH /I/. 
OdpaaoBaHl!e .f O -Me30Ha HCCJie,l(oBaJIOCl, npH IlOMOIJIH reoMeTpHqe

c Koro HHBapHaHTa K ( C rT T n·), .liBJillDI11eroca KPH BH3HOll nJIOCKOll JIHHllH 
BpalJleHHa, npOXO,l(SlI11elt qepe3 TOqKH n C ", " r7+n, " rr•" B !IpOCTpaH
CTBe cKopocrell IlodaqeBCKoro*I. Ha puc.2 npuBe.1teao pacnpe,u;eJieHHe 
3400 codurHll pea.KURK / I / no KpHBH3He K ( c rr+ n-). Kp1rnaa 1J 
npe.u;craBJiaer pacnpe,u;eJieHHe ¢a.3oBoro od~eMa. Ha pHc. 2 BH.ltHO, qro 
npll 3HaqeHH.liX l((c 11+ n·) :l: 0 MHHHMOJ.!Y cp8.30BOll KpHBOlt COOTB8TCTBY8T 
nHK B 3KCnepHM8HTMl>HOM pacnpe,D;eJieHHH. Mu npe,D;nOJIOllHJIH, qTo 3TOT 

Cl 
3qlp8KT odyCJIOBJieH poiueHHeM .f' -Me30Ha. J{Jia HCCJie,l(OBaHH.li 3TOll ra-
nore3li dliJIH npoBe,u;eau pacqeru no MO,l(eJIH 0,11.HonHOHHoro pen:HaoBaH
Horo odueHa (OP e. R) c yqeroM BKJia.D;a OT npouecca po:1:,D;eHHSI R; -
Mes oaa**/. 

11 B npHJIOlleHHH 2 npHBe,1(8Hli TeKCTH JilJYX nporpaw Ha Sl3liK8 ~FTF!J\ 
npH IlOMOIIUI KOTOpliX no aa.u;aHHHM OeJil>TpaJJHeBliM KOOp,l(HHaTaM rpex 
roqeK B npocTpaHCTBe CKOpocrell IlodaqeBCKoro MOllHO BliqHCJIHTl> 
KOOp,D;HHaTli ueHTpa H KpHBH3HY nJIOCKOff Jll!HHH BpaI11eHHa, npoxo,11.a-
1I18tt qepe3 3TH TpH roqKH. 

**1rrpH pacqerax BKJia,D;a. n; - MeaoHa npe.u;nonoranoc:i,, qto OH coor
BeTCTByer pe30HaHCY B CHCT8M8 ( n+ n· n·) C ceqeHHeM 0,15 Mdap;, 
KBaHTOBliMll qJICJiaW! 2+, Maccoll I,31 raB, mHpHHOll 0,I raB H Ka
HaJIOM pacna.u;a Ha y·rr-- CHCTeuy. 
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FHc.I IurneMaTHKa peaKUHH u; P~ ➔ pqt";n; B npoctpaHcTBe 

cKopocrel JioooqeBcK oro. 
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FHc.2 Pacnpe.u;eneHHe no K(c.n•n·) cowrHlt peaKUHH /I/; 
•········· qiaaoBaa KJJHBaa, -· - • :- MO.D;eJil> OFER, ~Mo.1ten:i, 
(OFER+ A2), --------BKJia,I( qioHa no MO)I.MH (OFER + A2). 
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P11c.3 CTaTIICTl!qecKl!e xapaKTepllCTIIKII COO!iTlltt B OOJiaCTII 
-0,15 <.. K(cn+n·) <: o,ro: a/ cneKTP M(n+rr) ; o/ cneK:rp 
nepe,11;a11 i~+n•, ••••••••• <pl!T B!ipaJ1:eH11eM 

Re')Gp(-8J.i.
1

n+n-) + Be:x.p(-B2.t1
11117-) 

B/ yrnoBoe pacnpe,11;eneH11e pacna.ita n• - Me3oHa B c11cteMe 
ITOKOll napii n+f1-; -pacqiiT no .IJO,ll;MII (0PER+ A2), 
- - - - -- BKJia.it qioHa no uo,11;en11 (OPEB + A2 ). 
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PIie. 4 CneKTp M(rr+n·,r)coO!iTHR, OTOOpaHJl!lX YCJIOBilllMII 
- 0,15 ~ K(c:ntu-J<0,10 11 I tn+rr I > o,6 raB2• 
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Kp11aaa A Ha p11c.2 npe.itcTaBnaeT pacqer no Mo.1ten11 toPE'. R) 

c y11iiTow R;- Me30Ha ( OPE' R-+ R 2 ). Kp11aaa B - qx>H no M0.1teJ111 · 
(OPER+R2). llillpOKIII n11K KpllBOI A B paloHe K(c rr+n·) ~o 
ooycJIOBJieH BKJ!a,ll;OM J 0

- Me30Ha. 
)l;Jia npaMol oueHKII Bll.ita pacnpe,1;eneHila no K(c n+ rr·) a KaHa-

o • J Jle C J - M830HOM npoae.iteHO MO.l{eJIIIJ)OBaHlle po:s:.iteHilll - M830Ha B 
peaKUlll4 / I / np11 nOMOUIII MatplltlHliX :rneMeHTOB. Yt1IITliBaJIOCL opellT
BllrHepoBCKOe pacnpe.iteJieHlle 3¢ql8KTIIBHOI Ma.CCU j - Me30Ha, .1t11¢qle
pemuiaJILHOe ce11eHile d o/d t ero oopa30BaH11a II yrnoaoe pacnpe
.iteJieHile ero pacna.ita B COOCTB8HHOI CIICTewe llOKoa. PacqiiT!i C 3TIIMII 
npoc:reim11M11 :iratp1111HliM11 3JieMeHTaMH taue noKasaJiil, q:ro po:s:,11;em,1e 
J - Me30Ha .l{OMHHllpyeT npil 3HalJeHHaX r. ( C. n+ n·) -:: 0. 

Hap11c. 3a noKa3a.H cneKTp Mace M(tr+rr) cooliu1I B oonacT11, 
Bli.1{8JleHHOI rpaHIIUaMII 

-0,1s <. K.(cn+n-) c: 0,10 .. I 2 I 

IlyHitTllpHaa Kpl!Ball - qJOH no MO,ll;eIDI (oPeR+R2). CneKTp xopomo 
on11cuaaetca cywol ¢oHoBoro pacnpe.iteJieHllll II pacnpe,11;eneH11a EpeRTa
BilrHepa B <pOpMe ,lll[eKCOHa (;t3/NDF • 55/32) co 3HaqeHllllMII MaCC!i 
Mo• (0, 763 ! 09003) raB II lllHpllH!i ro • (01108 ,! 0,008) raB. 

Ha pile. 3o np11Be.1tiiH cneKTp nepe.itaq -l rrt-n· coO!iTHI 113 oo-
nacl'II /2/. CneKTp onilCUBae:rca cywoR .ltBYX 3KCilOHeHT (x}'NDF<D/35) 
c noKa3aTeJiaMH 81 • (I0,5 ! 2,0) r3B-2 ii B2.. (2t: o,3) raB-2• 

,11;.na coOu:rmt 113 06nac:r11 ltn+n•l > 0,6 r3B, B KOTopoR .1to-

1111H11pyeT BKJia,lt 3KCllOH8HThl C M8.JlliM noKa3aTeJieM 82. ' nonyqeH 
cneKTp M (rr+rr·n·) (p11c.4). B aTOM cneKTpe B11,11;eH Y3KIII n11K B 
paloHe 11accu R; - Me3oHa. Kalt Bil,D;Ho, oioop I 2 / no KPHBll3He 

K (c n+ n·) no:3BoJiaeT Bhl.l{eJiilTL Ka.CKa.l{HOe pox,11;eH11e J 0 
- Me30Ha: 

R~ 4 y•n-. 
Ha p11c. 3B IIpllBe,D;eHO yrJIOBOe pacnpe,11;eneH11e COOUTilA 113 oO

JiaCTII / 2 / ( &r> - yron B c11cre Me noKoa napu ( n + n-) uex.ny 11u
ny.11LcaM11 IJ8CTIIU rr+ II nB ). Pacnpe,D;eJieHIIE! corJiacyeTCll C BH,ll;OM, 
xapaKTepH!iM .itJia pacna.ita .J0

- Me3oHa. 
Ha p11c. 5 noita3aH cneKTp M (rrtn·) Bcex co6liTilR peaKn1111 /I/. 

B 3TOM cneKTpe 3amtpmcoBaHli Te COWTHa, KOTOpiie He npomJill KPl!Te
plll OT6opa /2/. H3 p11c. 5 Bll,ll;HQ, IJTO OT6op /2/ no Kp11Bll3He 

K(cn+rr·) Ha.1{8:S:HO BU,ll;eJiaeT C06h1Tila 113 llilKa J0

- Me30Ha. 
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PHc.6 HHHeManrna clHHapHOI peaKitHH a+8➔ R+6 B OJIOCKOCTH 

JloclaqeBCKOro, COOTBeTCTBYllllleH OJIOCKOCTH pox,D;em1a pe3OHa-

ca A. IIpaMI:.e {R·CJ - OCH KBaHTOBaHHSI B CHCTeMe (H).Ilpa

we co cTpeJIKa.irn - OCH KBaHTOBaHHa CHCTeMbl (l-H). Toqxa 

"p" - ToqKa nepeceqeHHa npawx nyqKa JioclaqeBCKoro P. 
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B IlJITOlt rJiaBe noJIYqeHa npOCTaJI napaMeTpH3al.\Hll HanpaBJieHHlt 

OCH KBaHTOBaHHa (l-H) nyqKOM npllMblX JloclaqeBCXOro. Y,D;oclCTBO Ta.KOil 

napaMeTpH3a.IlHH COCTOHT B TOM, qTo ee qaCTHblMH CJIYqaJIMH llBJlllllTCll 

HanpaBJieHHll ocelt KBaHTOBaHHll CHCTe M 1toop;1;1rnaT (::, ) .ii ( H ). 
PaCCMOTpHM pOE,D;eH.lle pe3OHaHca ~ B clHHapHOR peaKI.\.IIH 

a+g ➔ R+B. / '.3 / 

MaCCbl OOKOll qaCTHil cqHTaeM ipl!KCHpOBaHHblMH. HaK H3BeCTHO, peaK-

1.\HS: / '.3 / onHCblBaeTca napolt nepeMeHHHX S H t. , r,D;e S 
KBa,D;paT IlOJIHOlt 3HeprHH B C.I.\.M., a t - KBa,D;paT 4-HMnyJIDca, ne

pe,D;aHHult pesoHaHcy R OT HaqaJIDHOlt qaCTHl.\bl a. . 
no H3BeCTHblM 3HaqeHHSIM $ H t onpe,D;emrn BeKTOpll CKOpoc-
.... ➔ ➔ . 

Tell v, 'VR' Vg qacTHil B C.IICTeMe noKOll HaqaJIDHOR qaCTHl.\bl a.. 
HOHl.\bl 3T.IIX BeKTOpOB H3OclpaEallTCJl ToqKaMH "8 11

, " R ", " 8 11 B npo

CTpaHCTBe CKOpOCTelt JloclaqeBCKoro, JieE~HMH B O,ll;HOlt IlJIOCKOCT.11 

(pHc.6). ToqKa "C" Ha pHc.6 npe,D;cTaBJIJieT CKOpOCTl, C.l.\,M. pea.K

IlH.11 /'.3 /. B 3TOlt IlJIOCKOCTH BBe,D;eM ,D;eKapT~BY CHCTeMY KOOp,ll;HHaT X y 
C Ha'laJIOM B TOqKe "Q" - CKOPOCTH HaqaJIDHOlt qacTHI.\Il. B CHCTeMe 

KOOp,D;Hnar X Y t - n: roqxa ( i. = 8 , fl , B ) xapa.KTepHsyeTca 

napolt KOOp,D;HHaT (.Xi 1 !i~ ), .llB11JllllllHXCJI npoeKI.\HJIM.il CKOpoc TH l. - It 
qaCTHl.\bl na OCl'I X, y • 

Pas.1rnqnuM t_ COOTBeTCTBYllT pa.a11HqHble IlOJIOEeHHJl roqKH "R " 
Ha s1111.11nce (pHc. 6). B roqxax sJIJIHnca, npe,D;CTaBJIJlllllJ;IIX pasJIHqnue 

CHCTeMU IlOKOJl pesonanca A, HeoclXO,ll;HMO 3a,D;aTD OC.11 KBaHTOBaHHJl 

ero Cll.llHa. Hx MOEHO HanpaB.IITl, B,ll;OJID npJIMUX {Jl-Q} HJIH { A -r:3 , 
.llBJl.lllllllH:lCCJl it ._ OCJIMH CHCTeM KOOp,ll;HHaT ( 'j) H ( H ). !Ip.ii Ta.KOM 

Buclope ocelt KBaHTOBaH.11s: pacna,D; pesonanca O1rnc1rnaercn B repwmax 

31leMeHTOB MaTp.111.\bl Il11OTHOCTH, onpe,D;eJieHllblX B ( :J )- .ii (H )-CHCTe

MaX. EcJIH pacna,D; pesoHanca on.11c1,1Baerca B Tep1mnax HHBap.iaHTOB 

MaTpHl.\bl rrnoiHocr.11, ro ocH irnaHT0Ban.11a BHclHpaDrca B,D;011D i
1 

- ocelt 

CHCTeMbl KOOp,ll;HHaT (l-H) (npJ1MUe co CTpeJIKa:I.W Ha pHc.6). Ecrecr

BeHHaa napa.iie:rpH3al.\HJI Ha.npaBJieHHR i' - oceR c.11cTew (l-H) cne

,D;yeT Hs ananHsa KBaH:roBanH.11 B cHcreMax (:; ) H ( H ). CoBoKynaoc

rH npawx { R -Q} .11 { A-c.} JIBJI.llDrcs: ny'lKaMH npaMI:.x Jloclaqe B

CKoro. To'lK.11 "Q" H " C. ", B KOTopi.x CXO,ll;llTCJl 3TH npawe, Ha3bl

BaDTCa IlOJlllCaMH ny'lKOB Jio(laqeBCKoro. T.o.' Ka.K B CHCTeMe (::, ), 

TaK H B CHCTeMe (H), OCH KBaHTOBaHHll BllclHpaDrca B,ll;OJID npllMblX 

nyqKa Jlo(laqeBCKOro. Pa.3JIHqHe Me%,D;y CHCTeMB.MH (:,) H (H) COCTOHT 
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PHc. 7 3KcnepHMeHTaJILHa.R t.- 38.JlHCHMOCTL ilHBapHaHTOB 

MaTpHilli Il11OTHOCTH - c,{ 'J ,t - napaMeTpOB (Jl-H) JIJ!Sl 

pacna.11OB ..P-, l<. 1~ H A+ - pes OHaHCOB. IIyHKTHpHl,e 11ll

HHH Ha pHc.a,O - oO11aCTL ll3MeHeHM.R HaK11OHa ,lUiippepeH

W!MLHOro ceqeHH.R Ka11a11a rr P➔ ..f O n . 
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TO11LKO B 3a.JlaHHH
0

IlO1IDCa nyqKa. C 3TOll TOqKH 3peHH.R ecTeCTBeHHO 

npe.11no11OXHTL, qTo Hanpan11eHH.R ocell KBaHTOBaHH.R B CHCTeMe (Jl-H) 

Talle oOpasyDT nyqoK RoOaqeBCKoro C nOJIDCOM B.HeKoTopoll HeH3BeCT

HOll TOqKe "P " (pHc.6). BO3MOXHOCTL TaKoll napaMeTpH3aUHH HanpaB-

11eHHll g' - OCH CHCTeMH (Jl-H) H HCc11e.11OBa11aCL Ha 3KCnepHMeHTa11L

HOM MaTepHa11e (sTa sa.11aqa Ou11a noctaaneaa 3.P.TiyOg11eauM/4/). 
3KcnepHMeHTa11LHHM MaTepHMOM .RB11R11HCL onyO11HKOBaHHHe MHPO

BHe JlaHHHe O t - 3aBHCHMOCTH 311eMeHTOB MaTpHUH nnoTHOCTH pacna

;JT.oB.f ,- K 11
-

0 
H 4 ++ - pro OHaHCOB (CM. TaO11HUY ~). 3Tll ;JT.aHHUe oO

padoTaHH B .11yxe H;JT.eH )loHaXLD-XoraaceHa oo HHBapHaHTHOM onHCaHHH 

pacn~OB pe3OHaHC OB. lht!eHHO, .1111.R ./J ,-K ,.~ H lJ.-+ + - pesoHaHCOB 

no11yqeHa t - 3aBHCHMOCTL HHBapHaHTOB MaTpHUH Il11OTHOCTH H t. -
3aBHCHMOCTL yrna nOBOpOTa () M8XJIY HanpaB118HH.RMH ocell KBaHTO-

BaHH.R CHCTeM (Jl-H) H ( :/ ). 

t- 3aBHC:IIMOCTL yr11a 0 ( t ) napaMeTpH3OBa11aCL Kplrnolt 

Bp ( 1:.1 ):. p, 'J ,.) , npe.11ctan11aDD(ell t. - saBHCHMOCTL yr11a MeXJIY 

npaMOlt nyqKa RoOaqeBCKoro C noJIDCOM B TOqKe " p " C KOOp.JIHHaTaMH 

( l'..p 1 'ir) H ~ - OCLD CHCTeW (::, ) (pHc.6) • 

B xo11OHKe IP I taO11Hru; · npHBeAeHH suatieHH.R ;t1/AIDJ: (NDF -

'-lHC11O CTeneHeR CBOdOJIH) cor11acHa 3KCnepHMeHTa11LHOll t - 3aBHCH

MOCTH yr11a 0 ( t.) C KpHBOlt 9p( -t:, Xp/Jp). He:113BeCTHH8 napaMeTpH 

(:)c.,-, ':Ip ) KpHBOll 0,.(-t:.,x,.,!I,-) H 3Haqemrn ,X:1/Nl>E=' no11yqeHU 

MHH:IIW!3aUHell xz - 4>YHK~HOHana. 

Ii11H3KHe x e.llHHHUe sHaqeHH.R i(o/kD F" B xon oHKe I Pl CBHJ1e-

Te11LCTBYDT oO Y~OB11eTBOPHT811LHOM OnHcaHHH COBOKYfiHOCTH Hanpan11e

HHll a' - OCH CHCTeMH (l-H) no.11OOpaHHUM nyqKOM IloclaqeBCKOro. T.o., 

KBaHTOBaHHe B Cl!CTeMa.X' (Jl-H), ( J ) l! ( H) MOXHO paccMaTpHBaTL C 

8,lUIHOll TOqKH 3peHH.R KaK KBaHrOBaHHe Ha nyqox Ilodaqencxoro. 

Ha pHC. 7 noKa3aHa i.-saBHC:IIMOCTL HHBapHaHTOB MaTpHru; MOT-

( 
jl,13 

HOC TH rJ.-,,-, 't - napaMeTpOB (l-H)) ~118 pacna.110B.P-, K - H 

A++ - pe3OHaHCOB. Ra.K BHJIHO, 3Ta 3aBHCHMOCTL HMeeT oqeHL npo

CTYll CTPYKTYPY: HaO11D)ta.DTC.R ,JtBe oclJiaCTH 3HaqeHHll M , B KOTopux 

napaMeTpH d. , _p, ~ npaKTHqecKH nocTO.RHHH. Ilapoll nyHKTHpHHX nii-

HHll Ha pHC. 7a-~ OTMeqeHa oO11acTL 3HaqeHHll Ft' , B KOTopoil 

------------··--
~ Houepa ccunox B taO11Hue , H3 KOTAHX OpMHCL .11aHHHe, cooT-

BemrBYDT cn11cKy 11HTepaTypH padoTH I. 

11 



l.v~a, 
P l~::r= L .Jlrc-n. 

i,.....,,_ z ,,..,ei 
/r,~,J (r>/lc} 

f-Hl.4DN 

J'-P 2,77 O-J,6 n 

f"n 2,77 0-0,5 17 

f'p 5,0 o-o,a 5 

f'p 8,0 0-1,0 5 

J'n IS,0 0-0,3 15 

f'n /7,2 0-1,0 28 

f•ll•"' J,7 0-1,0 ,f , ... 3,0 0-1,0 II 

ft.'' lf,7 0-45 6 

11""- .,.,,,,(II'# 

.,-~·· 5,0 0·1,0 IF 

/(•O.}, +• 10,0 0-1,0 20 

11·~/l .... 15,0 0-1,0 '" 
,d .J.3 - 4,,.J05apbl 

A 
.. n 12,5 o- ,,, 14 

~Un 15,9 (l-~I 14 

x'/N/JF 
j H p 

IZ,8 f8,2 .,., 
o,;' 3J,t 1,0 

4,5 25,5 i,5 

22,4 Jt,s t, i 

/03,9 37,L, 44 

115,5 /02,8 t,4 

11,4 91,5 ,?,7 

J,0 ,s,t, 0,7 

5,8 32,6 0,7 

4,p fll,I 2,6 

u,, 5616 ,,, 
7,4 16,9 0,8 

,2,2 10,7 o,4 

4, 7 J,i! O,G 

12 

Tadirnua 

llO'pdN,rr,plll Pa-
Go-

x,, Yp Im• 

t,us:t:i 401:::: t3 

1,23:J:~! P,II ~~2': 13 

1,so:;,:: -0,2.s:j;fJ -

i~47!%,•~~ -o,t-,o:o"::,; J 

f,?9!J;ff ~•4" -41? rs 

f,5i':t/J~ 451:,t:~ 16 
l,(O!t:; ~l,.JI 

O,P<'-4,6 17 

1,20!:;:t ~oJ:4:; J 

l~SJ~J;;; qJ0•4'" -1',.t-" II 

J,61:~:: o,,J:i:: 19 

1,54:::: ~t9:ffe,~; 19 

l?,4J~~~ qJJ:&t; 19 

{lfJ~:,,:g q,1:;,:: i!O 

o,as~g,,;: ,17:~:: ,?O 

HadJID~aerca H3MeHeHHe llOKasarena 3KCnoHeHTli ~HiptiepeHUHaJlhHOro 
cetieHMll rJo/dt ~Jill Ka.Hana 11-P ➔.f"n . KaK BH~Ho, MMeHHO 
B 3TOH OdJiaCTH HadJID~aerca pe3KOe lf3MeHeHHe napa1.1erpoB J , J,, 't. 
3ro yKa3liBaer Ha ro, qro pro JIHllHHe MeXaHH3MH odpasoBaHHH y• -Meso
Ha npOllBJIHDTCll B f - 3aBHCHMOCTH HHBapMaHTOB MaTpHUH nJIOTHOCTH 
ero pacna,l(a. 

B 3aKnDtieHHe npHBe~eM OCHOBHble proyn:i,raru H BblBO,ll;li. OCHOB
Hlie pe3YJihTaru ~HccepraUHH COCTOllT B CJie;J;YDnteM. 

I. BnepBble ~nll 3KCnepHMeHTaJibHOro craTHCTHtieCKoro aHaJIH3a 
peaKuHa llpHMeHeHa M.o~enh Eenupa:i.rn npocrpancrBa cKopocrea Jloda-
1:leBcKoro. IloKa3aHO npeHMJll(eCTBO 3TOl,l MOAeJIH ~na KHHeMaTHtieCKHX 
pacqeroB, BHnOJIHlleMHX B paMKaX aHanHTHll8CKOl,l reoMerpHH JlodatieB
CKoro. 

2. Ha OCHOBe MOAeJIH EenbTpaMH nonyqenu (a) qJOPMYJill ~ll ~ 
llHCJieHHll KPHBH3Hli nJIOCKOlt JIHHHH BpanteHHll, npoXO~llll(et1 tiepe3 TpH . 
TOllKH B npocrpaHCTBe JlodaqeBCKOro,H (d) 4XJPMYJIH AJ!ll napa.MerpH-
3aUHH HallpaBJieHHlt OCM KBaHTOBal!Hff CHCrew (l-H) nytiKOM npllMHX 
JlodatieBCKoro. 

c· 3. C03.B;aHa CHCTeMa nporpaMM Ha 3BM ClC-6400 .B;JIS aHaJIH3a pe
aKUHH 11·p -➔ P n + n · "- npH 5 raB/c MeTOAOM npocrpaHCTBa CKO
pocren JlodalleBcKoro. HanHcan dnoK nporpaw1,1 ~Jill napaMerpHsauHH 
nyqKOM npllMblX JlodatieBCKOro. HanHcaHH nporpaMMbl ~Jill BHlleptiHBaHHff 
rpa4}HKOB H KpilBHX aa ycrpoacne C R LC OM P. 

· 4. ITpoBe~ea ananHs peaxuHH n-P➔ Pn+n•,r npH 5 rsB/c Mero
AOM npocrpaacrBa CKopocrett JlodatieBCKoro: 

a) npH aHanHse HCnOJib30BaJIHCh,HOBble MHBapHaHTHHe rpynnH Jlo
peHua, HMeDll(He cwcn xapaKrepHCTHK reoMerpHqecKHX odpa-
30B B npocrpaHCTBe cKopocrelt JlodatieBcKoro; 

d) noKa3aHO Ha OCHOBe CpaBHeHHll 3KCnepHMeHTaJihHllX pacnpe~e
JieHHlt c reoperHtieCKHMH pacqeraMH no Mo~enH ~PER HMO
~eJIH cpa30Boro od~eMa C PllAOM MarpHtiHHX aneMeHTOB,tiro,.P

0
-

H.1+~pe30HaHCH npeHMY111eCTBeHHO po:EAaDTCll npH onpeAeJieH
HHX SHatieHHllX reoMeTpHtieCKHX HHBapHaHTOB rpynnu JlopeHua; 

B) Ha OCHOBe 3THX ~HaM11lleCKHX oco6eHHOCTett pacnpe~eneHHlt 
no reouerpHtieCKHM HHBapHa.HTaM CqJOPMYJIHpOBaHli HOBble KpH-

0 A++ repHH or6opa COdblTldt, llOAOdHblX y- H ~ - pe30HaHCaM. 
r) noKa3aHo, llTO HOBHe KpHrepHH ordopa nosBOJIHDT BH~eJIHTh 

0 -+ + C06blTHR, no;;odHble p<m;;eHHD _jLH Cl - pe30HaHCOB,BO 
BCeM ~Hana3oHe 3HatieHH'1 K~paroB nepe.B;aHHHX HM 4 -
mmyJII,COB t. . 
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5, B CBeTe H~eR naJIHUa, noHaXLll H XoraaceHa odpadoTaHli onyO

JJHKOBaHHlie ~aHHh!e O t - 3aBHCHMOCTH 3 JJeMeHTOB CUHHOBOR MaipHUH 
1f0 ++ 

llJJOTHOCTH _p-, I< - H A - pe30HaHCOB, oOpa3YDIIIHXCSl B rfN"-, KN--
H pp - peaKUHSlX npH P 11ao.= '.3 - 18 r3B/c. ITOKa3aHo, 'ITO} - 3a
BHCHMOCTL HHBapHaHTOB CUHHOBOlt MaTpHUH UJJOTHOC TH p, K * - pe-

30HaHCOB HMeeT O'leHL npoCTYD CTPYKTYPY, onpe~e11eHHO CBSl3aHHYD co 
CTPYKTypoR B ~qxfle!XlHUHaJ1LHOM c eqeHHH cJ o' Id -i:. oOpa30BaHHst 3THX 
pe30HaHCOB, IT011yt1eHa napaMeipH3aUHSl HanpaBJleHHA OCH KBaHTOBaHHSl 
CHCTeMbl noHaXLD-Xoraaceaa nytJKOM npstMHX noOatJeBCKOro. 

Bo3MO%HOCTL TaKoff napaMeTpH3aUHH YKa3h!BaeT Ha TO, 'ITO KBaH

TOBaHHe B CHCTeMax KOOp~HHaT noHaxLD-XoraaceHa, roT¢pH~a-n:a:eKCOHa 
H "cnHpaJILHOCTH" MO:S:eT OliTL paCCMOTpeHO C e~HHOff TO'IKH 3peHHSl 
KaK KBaHTOBaHHe Ha nytJOK noOatJeBCKOro. 

Pe3YJILTaru ,nHccepTaUHH ony011HKOBaHH B pa0oTax11-51, ~ox11a

~HBaJ1HCL Ha ceCCHH oa~ CCCP (TieHHHrpa~, ¢eBpam· 1975 r.) 11 npe~
CTaBJISlJIHCL Ha XYIII Me:a:,nyHapo,neyll KOH¢epeHUHll no ¢H3HKe BliC OKHX 
3HeprHlt (TOHJIHCH, HllJIL 1976 r. ). 
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