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1. BeeOeHue 

06LI'IHO npu uccne.noaaHHH Heynpyrux npou.eccos a Tpe
KOBLIX KaMepax H3MepJIIOTCJI KOOp.D;HHaTLI TO'IeK TpaeKTOpHH 
3apJI:>KeHHOH 'laCTHU.hl. ITo 3THM KOOp.D;HHaTaM BOCCTaHaB
nusaeTCJI npocTpaHCTBeHHaJI KPHBH3Ha TpeKa qacTHU.LI, npu 
noMO~H KOTopoii onpe.nenJIIOT ee uMnynLc H yron BLineTa 
H3 TO'IKH B3aHMO,neHCTBHJI. 

3aKOHLI coxpaHeHHJI 3HepruH-HMnynLca u PJIJJ. .nononHu
TenLHLIX KpHTepHeB n03BOnJIIOT C .D;OCTaTO'IHO BbiCOKOH CTe
neHbiO .D;OCTOBepHOCTH ycTaHOBHTh MaCChi o6pa30BaBWHXCJI 
qacTHU. H ux 3apJI,nLI /ecnu a pe3ynLTaTe B3aHMo,neiicTBHJI 
B03HHKno He 6onee o.nHoii HeiiTpanLHoii qacTHU.LI/. TaKHM 
o6pa30M YCTaHaBnHBaiOTCJI 3KCKni03HBHLie KaHanLI peaKU.HH. 

O.nuH H TOT :>Ke Ha6op BTOPH'IHLIX 'laCTHU. I 3KCKni03HB
Hhlii KaHan peaKU.HH/ MO:>KeT B03HHKHYTL B pe3ynLTaTe pa3-
nH'IHhiX tiiH3H'IeCKHX npoU.eCCOB C PO:>K,D;eHHeM TeX HnH HHbiX 
pe3oHaHcos. Pacno3HaBaHHe TaKux tiluJuqecKHX npou.eccos 
o6LI'IHO oc~ecTBnJieTCJI aHanH30M pa3nH'IHLIX pacnpe.nene
HHii .D;nJI KOM6HHau.uii qacTHIJ.. Hano:>KeHueM .nononHuTenLHLix 
orpaHH'IeHuii /HanpuMep, no aenH'IHHe Kaa.npaTanepe,naHHo
ro 4-uMnynLca/ y.naeTCJI BLI,nenHTL KHHeMaTuqecKue o6na
CTH, B KOTOpbiX .D;OMHHHpyeT onpe,neneHHhiH npou.ecc. 

IIIupoKo H3BeCTHLIM cnoco6oM BLI,neneHHJI npou.eccoa 
c po:>K.D;eHHeM pe3oHaHCOB JIBnJieTCJI orpaHH'IeHue no nepe
,naqe t. 0T6op no nepe,naqe t He JIBmieTCJI e.nuHCTBeHHoii 
B03MO:>KHOCTLIO yqeTa neputilepuqecKoii .nuHaMHKH po:>K,neHHJI 
pe3oHaHcoa. HecKonLKO 6onee o6IIJ.Hii no.nxo.n y.naeTCJI pa3-
BHTL, ecnH OT H3MepeHHbiX HMnynLCOB nepeii.TH K CKOpOCTJIM 
qacTHU. B Bb16paHHOH CHCTeMe OTC'IeTa. 
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CKopocTL mo6oii qacTHUbl MO:>KHO H3o6pa3HTb MaTe
paanbHOH TO'IKOH TpexMepHOrO npocTpaHCTBa CKOpOCTeii. 
Ilo3TOMY Ka:>K,ZJ,Oe co6biTHe 3KCKmo3HBHoii peaKUHH npe,ZJ,cTaa
nJieTcJI HeKOTOpOH CHCTeMOH MaTepaanbHbiX TO'IeK npo
cTpaHCTBa cKopocTeii/3/. KaK noKaJaHo B pa6oTax /I-3/, 
B penJITHBHCTCKOM cnyqae npOCTpaHCTBO CKOpOCTeii o6na
,ZJ,aeT reoMeTpaeii Jio6a'leBcKoro. Ilo3TOMY npeaMyiUeCTBOM 
npe,ZJ,CTaBneHHJI KHHeMaTHKH B npOCTpaHCTBe CKOpOCTeH JIB· 
nJieTCJI B03MO:>KHOCTb npaMeHeH&a K aHanH3Y peaKUHH anna
pa Ta reoMeTpaa Jio6aqeacKoro. 

B ,ZJ,aHHoii pa6oTe npHBO.D.JITCJI npe,D,aapaTenLHble peJynL
TaTLI aHanaJa B npocTpaHCTBe cKopocTeii Jlo6aqeacKoro 
peaKUHH 

+ - -77 b P t ·• prr 17 l 17 2 ' 111 

npa 5 F3B/c. PeJynLTaTbl nony'leHLI MeTO.D.OM, oTnH'IHbiM 
OT npe,D,no:>KeHHoro B pa6oTe I 4/ rpa$aqecKoro MeTo,ZJ,a aHa
nH3a KOH$OpMHbiX ,ZJ,HarpaMM npOCTpaHCTBa CKOpOCTeH Jlo-
6a'leBCKOrO *. 

MeTO,ZJ, COCTOHT B OllHCaHHH CHCTeMbl TO'IeK peaKUHH 111 
B llpOCTpaHCTBe CKOpOCTeH HeKOTOpbiMH HHBapHaHTaMH 
rpynnLI JlopeHua a aHanaJe pacnpe,D,eneHaii no 3THM aH
aapaaHTaM. B TaKoM no,ZJ,xo,ZJ,e noJIBnJieTcJI B03MO:>KHOCTL 
npHMeHeHHJI HOBbiX lc TO'IKH 3peHHJI $H3HKHI reOMeTpH
'IeCKHX HHBapaaHTOB rpynnbi JlopeHua. 3TH HHBap.HaHTbl 
xopomo HJBeCTHbl B reoMeTpaa Jio6a'leBcKoro KaK xapaK
TepacTHKH reoMeTpH'IeCKHX 06'beKTOB - 0Tpe3KOB llpJIMbiX, 
TpeyronLHHKOB, c$ep a T.,ZJ,. npocTpaHCTBa Jlo6aqeacKoro. 

B pa6oTe noKaJaHo npaMeHeHae O,ZJ,Horo H3 reoMeTpa
qecKax HHBapaaHTOB ,ZJ,nJI aHanaJa po:>K,ZJ,eHHJI ~ ++ -aJo6a
pbi. KpoMe 3Toro, npaae,ZJ,eHbl O.D.HO'IaCTH'IHble pacnpe,ZJ,ene
HHJI peaKUHH 111 B npOCTpaHCTBe CKOpOCTeH Jlo6a'leBCKOrO. 

*BnepBble npOCTpaHCTBO CKOpOCTeH Jlo6a'leBCKOrO ac
nonb30BanOCb npa aHanaJe peaKuaii npa BbiCOKHX 3HepraJix 
rpa$H'IeCKHM MeTO,ZJ,OM /4/ B pafioTax/5/. 
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2. KoopOuHalflbl EeAblflpaMu e npocmpaHcmee 
cKopocmeu Jlo6a'leecKozo 

IlycTb cKopocTL i -oii 'lacTHUbl peaKUHH 111 I i = rrJ:, 
p 1 , p , rr+, "t• rr-;1 H30~pa:>KaeTCJI MaTepaanbHOH TO'IKOH 

llpOCTpaHCTBa CKOpOCTeH, KOOp,ZJ,HHaTaMH ( x ., y., z. ) KOTO-
I I I 

poii JIBnJIJOTCJI llpOeKUHH CKOpOCTH 'laCTHUbl Ha TpH B3aHMHO 
OpTOrOHanbHble OCR X, Y, Z .,lJ;eKapTOBa CHCTeMa KOOp,ZJ,HHaT 
XYZ, B KOTopoii Ja,ZJ,aroTcJI KOOP.D.HHaTLI TO'IeK, acer,ZJ,a aao

.D.HTCJI B TOH CHCTeMe OTC'IeTa, OTHOCHTenbHO KOTOpOH HJ· 
MepJIIOTCJI cKopocTa qacTHU I puc. 11. 

B ,ZJ,anLHeiimeM ,ZJ,nJI onpe,ZJ,eneHHOCTH a Y.D.06CTBa HJo6pa
:>KeHHJI pacyHKOB acer,ZJ,a 6y,ZJ,eT npe,D,nonaraTLCJI, 'ITO cKo
pocTH qacTHU H3MepeHbl B c.u.M. peaKUHH 111. Ilo3TOMY 
KOMllOHeHTbl CKOpOCTH (x., y., z. ) , Ha3biBaeMble 6enbTpa-

l I I 
MHeBbiMH KOOP.D.HHaTaMa npocTpaHCTBa Jlo6aqeacKoro, 
HMeJOT BH,ZJ, 

pi pi pi 

X.=~' y. = -+, Z. =~ 
I El •I El I El =7Tb,pt,p + -, rr , "I , 77 2 ' 121 

i i i i 
r,ZJ,e P , P , P , E - KOMnoHeHTbi HMnynLca a nonHaJI 

X y Z 

3HeprHJI i ·oii 'laCTHUbl B C.I.(.M. peaKUHH Ill. 
B penJITHBHCTCKOM cny11ae npocTpaHCTBo CKopocTeii 

o6na,ZJ,aeT reoMeTpaeii Jlo6a'leBcKoro c KpHBHJHoii, paaHoii 
l/c 2, r,ZJ,e c - cKopocTL caeTa *. B reoMeTpaa Jlo6aqea
CKoro ,ZJ,nHHa P ik OTpe 3Ka llpJIMOH, COe,ZJ,HHJIIOIUeH TO'IKH 
"i "(xi, Yi, z i) a "k "( x k' y k' z k ),Bhlpa:>KaeTCJI $opMynoW6/ 

l 0_ l + v l- '[ 2 
P = -m ' 

ik 2 l - y l - T 2 

/3/ 

l 
./( 2 2 2)( 2 2 2) v l - X i - y i - z i l- X k- Yk - z k 

T 

ch Pik l- XjXk- YiYk- Zj zk 

*B ,ZJ,anbHeiime-M, KaK H B $opMynax 121, CKOpOCTb CBeTa 
npHHJITa paBHOH e,ZJ,HHHUe. 
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PaccTO.IIHHe pik .IIBn.lleTC.Il HHBapuaHTOM npeo6pa3oaa
HHH JiopeHI.J,a, TaK KaK .IJ.BH)I(eHH• npocTpaflcTaa cKopocTeB: 
Jio6aqeacKoro 3KBHBaneHTHM nopeHu-npeo6pa3oBaHH.IIM. 

H3 ciJopMynw 131 nerKo nonyquTL npu z i = y i ,= z i = 0 
paccTO.IIHHe pk OT qacTHUhi "k')\o Haqana KOOP.IJ.HHa T I puc .11: 

k k l E +P - +- -
pk = - fn , k = TTl , p , p, TT , TT l , TT 2 • 

2 Ek_pk ' t 

B cPH3HKe aenuqHHY pk Ha3biBaK>T nonHoB: 6wcTpoToB: qacTH
Ilbl "k ". AHanoruqHo paccTO.IIHHe Pk. oT Haqana Koop,IJ,HHaT 
.IJ.O ToqKH "k x "locHoBaHH.Il nepneH.IJ.HKyn.Hpa, onyll\eHHoro H3 
TOqKH"k"Ha OCb OX pUC. 11 HMeeT BH,IJ, 

k k 
x = len E + Px . I 41 

p k 2 Ek __ pk 
\, X 

Ecnu ocb OX coana,IJ,aeT c HanpaaneHHeM HMnynLca nyqKa, 
TO 4JopMyna 141 ,IJ,aeT npo,IJ,OllbHYK> 6biCTpOTY ylj qaCTHUbl "k". 
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Puc. 1. KuHeMllmuKa peaKtiUU rrb"p1 -> prr+rr1rr2- a npo-
cmpaHcmae cKopocmeu Jio6a'leacKozo. 
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Puc. 2. PacnpeoeAeHu.R 'lacmut~ peaKt~uu /1/ no npoooAbHou 
y

11
u nonepe'IHoii n 6blcmpomaM e npocmpa11cmae cKopocmeu. 

CnAOWHble AUHUU - ¢Q306ble KpU6ble. 
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AHanorH'IHO $opMyny JJ;nJI paccTOJIHHJI Pt Me:>KJJ;Y Toq-

KaMH "k, ( Xk' yk, zk ) H "k x" (xk' 0, 0) MO:>KHO 3anH-

CaTL B BHJJ;e 
k k 

.L l Ej+Pl 
p = ~n 

k 2 Ek _ pk· 
151 

1 l ~ 
rJJ;e E l , PI : none pe'IHLIH HMnynLc H nonHaJI nonepe'IHaJI 

3HeprHJI k • OH 'laCTHI{Ll. 

KaK BHJJ;HO, $opMyna 151 Jl~JleTcJI BLipa:>KeHHeM none

pe'IHOH 6wcTpOTLI YJ_ qacTHULI ' k ". TaKHM o6pa3oM, none

pe'IHLie H npOJJ;OllLHLie 6LICTpOTLI JIBllJilOTCJI JJ;llHHaMH onpe

JJ;eneHHLIX 0Tpe3KOB npJIMLIX B npOCTpaHCTBe CKOpOCTeH 

Jlo 6a qe BCKoro I puc. 11. 
Ha puc. 2 npHBeJJ;eHLI pacnpeJJ;eneHHJI 'laCTHU peaKUHH 

111 no npOJJ;OllLHLIM H nonepe'IHLIM 6LICTpOTaM, BLI'IHCneH

HLIM no $opMynaM I 41, 151. CnnowHLIMH nHHHJIMH noKa3aHLI 

pacnpeJJ;eneHHJI JJ;llJI C06biTHH, MOJJ;enHpOBaHHLIX npH nOMOillH 

nporpaMMLI FOWL/9/. KaK BHJJ;HO H3 puc. 2, 3KcnepHMeH

TanLHLie pacnpeJJ;eneHHJI no npoJJ;onLHOH 6wcTpoTe y
11 

pe 3Ko 

OTllH'IaiOTCJI OT MOJJ;enHpOBaHHLIX. 3TO yKa3LIBaeT Ha nepH

$epH'IeCKHH xapaKTep po)f()J;eHHJI 'laCTHll B peaKI{HH 111. 
HaH6onee nepH$epH'IHLIM JIBnJieTCJI npoTOH H, B MeHLweB: 

CTeneHH, rr+·Me30H. 

3To noJJ;TBep:>KJJ;aeTCJI BHJJ;OM pacnpeJJ;eneHHH no none

pe'IHOH 6LicTpoTe Yl. . PacnpeJJ;eneHHe JJ;nJI npoToHa pe3Ko 

oTnH'IaeTCJI oT $a3oBoB: KPHBOH. PacnpeJJ;eneHHJI no y l 
rr -Me30HOB npH6nH:>KeHHO CHMMeTpH'IHLI H OTllH'IaiOTCJI OT 

$a30BLIX KpHBLIX B MeHLWeH CTeneHH; 

3. FeoMe111pUJI Jlo6at~e6CKOZO U UH6apUaH111bl zpynnbl 
JlopeHIIO 

HJJ;eiO npHMeHeHHJI reoMeTpHH Jlo6a'leBCKoro JJ;nJI aHanH-

3a peaKI{HH 111 MLI noKa:>KeM Ha npHMepe BLIJJ;eneHHJI ~ +-1:, 

H306apLI. fiapy 'laCTHll p H TT + B peaKI{HH 111 06LI'IHO 

xapaKTepH3YlOT HHBapHaHTOM M ( p rr + ) - HX 3cWJeKTHBHOH 

Mac coB:. PacnpeJJ;eneHHe no M ( p rr +) HMeeT nHK B o6nacTH 

~ 0.236) -H3o6apw I puc. 3al. 
C reoMeTpH'IeCKOH TO'IKH 3peHHJI napy TO'IeK p H rr+ 

B npOCTpaHCTBe CKOpOCTeH Jlo6a'leBCKOrO MO:>KHO xapaK-
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4.0 00 2.0 3.0 
.f( pn+) 

1.0 

> 
u.J 

f.O 1.4 f.B 2.2 2.6 
M(pn+) ~EV 

Puc. 3. a/ CneKmp 3(J¢eKmueHbiX Mace M(prr+J, 6/pacnpe
oeAeHue no 0111HOCU111€AbHOU 6biC111p0111e p +- CnAOUIHble AUHUU-
(Ja3oe&Je KpuebJe. P" 

TepH30BaTL paCCTOJIHHeM Me:>KJJ;Y HHMH loTHOCHTenLHOH 

6LICTpOTOH p rr+ 1. liLICTpOTa p rr + JIBnJleTCJI nopeHU· 

HHBapHaHTOM & CBJI3aHa c 34l«<leKTHB&oB: Mac coB: M ( p rr+) $op

MynoB: 

2 2 2 
M ( prr -+) = m + m ~ + 2m m ~ ch p + • 

p " p " prr 

Ha puc. 36 npHBeJJ;eHo pacnpeJJ;eneHHe Tex :>Ke co6wTHil 

peaKUHH 111 no 6wc;:rpoTe P~rr+· B 3TOM pacnpeJJ;eneHHH 

BHJJ;eH nHK B o6naCTH p + = ( 1,0-1,3]. 3TOT nHK COOTBeT

CTByeT o6naCTH MaCCLI P3_(12lJ)-H306apLI. llo3TOMY co6w

THJI H3 o6naCTH ~( 123~) -H306apLI MO:>KHO HHTepnpeTHpo

BaTL Ha reoMeTpH'IeCKOM JI3LIKe. HMeHHO, 3TH co6LITHJI 

HMelOT npH6nH:>KeHHO OJJ;HHaKOBLie JJ;llHHLI 0Tpe3KOB npJIMLIX, 

COeJJ;HHJIIOillHX TO'IKH - CKOpOCTH p H rr + lc TO'IHOCTLIO .11;0 
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WHPHHhi nuKa pacnpe.neneHHB no p rr +I. Ha ocHoae TaKoii 
reoMeTpuqecKoii HHTepnpeTa:uuu Moko c.nenaTh cne,nyiOJUHH 
BblBO.IJ;. KHHeMaTH'IeCKH O.IJ;HHaKOBblMH BBllBIOTCB TaKHe C0-
6blTHB, KOTOpble MO~HO xapaKTepH30BaTb KOHrpy3HTHblMH 
reoMeTpH'IeCKHMH o6pa3aMH, nOCTpOeHHblMH Ha TO'IKaX
CKOpOCT BX 'IaCTH:U C06blTHH. 

lhaecTHo/7/, 'ITO po~.neHHe t.,++ -u3o6aphl a peaK:uuu/1/ 
HMeeT pe3KO nepucllepuqecKuii xapaKTep. Ilo3TOMY oHa xo
powo Bhl,nenBeTcB o6pe3aHHeM no nepe,naqe t prr+ oT npo
TOHa MHWeHH K CHCTeMe ( prr+) • IJepe,naqa t + CBB3aHa C 

~ ~ _ _ll7L c ,IJ;nHHOH p t..t OTpe 3Ka npBMOH, COe,IJ;HHBIOI:UeH TO'IKY /), 
/cKopocTh cucTeMhi :ueHTpa Mace qacTH:U p H rr + / H 
TO'IKY Pt• cllopMynoii/8/: 

t + = m 2 + M 2 ( prr +) -2m M ( prr ~ ch p /), 
prr p p t 

/6/ 

113 Bblpa)l(eHHB /6/ BH.IJ;HO, 'ITO nepe,naqa t prr + BBllBeTCB 
cPYHK:UHeH HMnynhCOB Tpex 'IaCTH:U, p t, p , rr +, onpe,neneH
HblM o6pa30M Bblpa)l(aiOIUeHCB qepe3 .IJ;llHHbl OTpe3KOB p prr+ 

H p t..t /puc. 1/. 
Ha TpoiiKe TO'IeK p , p , rr + a npocTpaHCTBe cKopocTeii 

t 
Jlo6a'IeBCKOrO MO)I(HO nOCTpOHTh, KpOMe napbl 0Tpe3KOB 
npBMhlX, u .npyrue reoMeTpuqecKHe o6pa3hi. PaccMoTpHM, 
HanpHMep, OKpy)I(HOCTb B npocTpaHCTBe CKOpOCTeH Jlo6a
'IeBCKOrO, npoxo.nBIUYIO 3TH TPH TO'IKH. Pa,nuyc R 3TOH 
OKpy)I(HOCTH, O.IJ;H03Ha'IHO onpe,nenBeMhiH no 6enhTpaMHe
BblM KOOp.IJ;HHaTaM TO'IeK p t' p , rr+, BBllBeTCB HHBapHaHTOM 
rpynnhl JlopeH:Ua. lJ03TOMY OH MO)I(eT 6biTb HCnOllb30BaH 
MB Bhl,neneHHB "nepucllepuqecKoro" po~.neHHB cucTeM ( prr+) 
/T .e. Bbl.IJ;eneHHB C06b1THH, B KOTOpblX napa 'laCTH:U p H TT + 
Haxo,nuT CB a He KOTopoM OTHoweHHH K qacTu:ue p 1 /. 

IIocKOllbKY pa,nuyc R a o6meM cnyqae - KOMnneKCHoe 
qucno au.na r

0 
+ irr/2, TO 6onee y.no6Hoii aemecTaeHHOH 

xapaKTepHCTHKoii BBnBeTCB KpHBH3Ha oKpy)I(HOCTH K (p 
1
prr-+Ysf: 

K ( p p rr +) = 1/ sh 2R. 
t 

KpHBH3Ha H3MeHBeTCB B npe.nenax [ -1, = J • 
Ha puc. 4 npuae,neHo pacnpe,neneHHe co6biTHii peaKU.HH 

/1/ no aenH'IHHe A= tanh [ K ( p 1 prr+) J. KaK BH.IJ;HO H3 
puc. 4, a o6nacTH 3Ha'IeHHH A> 0,5 HMeeTCB 3Ha'IHTenhHoe 
npeablweHHe co6biTHii Ha,n clla3oaoii Kpuaoii /clla3oBaB KpHaaB 
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u.J 

> 
UJ 
L_l 

:z~ 100 
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A= tanh[ K(Pt. pn+)] 

Puc. 4. PacnpeoeAeHue co6blmuu peaKf.#UU "bPt ->prr+rr1 "2 
no aeAut.~uHe A = tanh [ K ( p 

1 
prr+ )] • 4>a3o6aJJKpuaaJJ HOp.Mupo

aaHa Ha noAHoe t.~ucAo co6blmuu a zucmozpa.M.Me. 

HOpMHpOBaHa Ha nonHoe 'IHCllO C06hlTHH B rHCTOrpaMMe/. 
Ha puc. Sa, 6 npuae,neHhi pacnpe.neneHHB no 3cPcPeKTHBHbiM 
MaccaM M ( prr +) c oT6opoM /a/ no nepe,naqe t prr + H 
/6/ oT6opoM no HHBapuaHTY A • KaK BH.IJ;HO H3 cpaaHeHHB 
puc. Sa, 56, HHBapuaqT A Bbi,nenBeT t.,++_H3o6apy a peaK:UHH 

/1/ He xy)l(e, qeM nepe,naqa tprr + . 
Ha puc. Sa npuae.neHo pacnpe.neneHHe no nepe,naqe 

t + ,nnB co6hiTHii H3 o6nacTH A> 0,5.3TOT cneKTP HMeeT 
p1T 

3KCnOHeH:UHallbHblH xapaKTep B HHTepaane tprr+ 
= [0-2]F3B 2 .3TO yKa3biBaeT Ha TO, 'ITO o6pe3aHHe no HH
aapHaHTY A He 3KBHBaneHTHO o6pe3aHHIO no nepe,naqe t -t. prr 

II 
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Puc. 5. a/ CneKIIp 3dHJjeK111U6HbiX Mace M(prr+)c o116opoM no 
nepeoa~e tP 17 +, 6/ cneKmp 3dHJjeKmuaHbiX Mace c om6opoM 
no UH6apuaRIIy II. /cnAOIUHble AUHUU Ha puc. a U 6 - (Ja-
306ble KPU6bre/, a/ pacnpeoeAeHue co6r.rmuu no nepeoa~e 
tp 17+, nona6ruux 6 o6Aacmr. A > 0,5. 

4. 3aKAK>~eHue 

++ 
~nB BMAeneHHH ~ •HJ06apM B peaK~HH /1/ HCllOnb-

30BanCB "reOMeTpH'IeCKHH" HHBapHaHT rpynnM JlopeH~a -
KpHBHJHa oxpy)KHOCTH B npocTpaHCTBe cxopocTeil Jlo6a-

12 

qeacxoro: Taxoe BMAeneHHe ~ ++ ·HJo6apbl B peaK~HH /1/ 
HarnBAHO HnJIIOCTpHpyeT AOCTaTO'IHO WHpOKHe B03MO)KHOCTH 
npHMeHeHHB reoMeTpHH Jlo6aqeacxoro K aHanHJy MHoroqac

TH'IHbiX peaK~HH. 

B JaKnro'leHHe aaTopM 6naroAapHT acex COTPYAHHKO~, 

BMllOnHHBWHX.npOCMOTp H H3MepeHHH 3KCnepHMeHTanbHO

ro MaTepHana. 0AHH H3 aBTOpOB /B.ll.XeH/ 6narOMpeH 
r. PM3eKy Ja llOMOI.Qb B OCBOeHHH nporpaMMM SUMX. 
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