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I. BBEJlEHHE 

Jlm1 1Iccne.n;oaamm npoueccoa po)l()];eHIIH oqapoaaHHhIX qacTIIU B pp

II Tr p-B3a1IMO)];eHCTBIIHX nplI 3Hepr1III 60-70 r3B COTPYAHIIqecTBOM IIHCTIITY· 
ma OHHH, 11<l>B3 (Ilporn1IH0), HHHH<l> MrY, HHBU MrY, 11<l>B3 TrY 

co3.n;aeTcH ycTaH_OBI<a CBJl (cneKTpoMeTp c aeprnlIHHhIM .n;eTeKTopoM) ll_l. 
YcTaHOBKa COCTOIIT II3 BepllllIHHoro .n;eTeKTOpa, B J<'.aqecTBe KOTOporo IIC· 

nOJih3yeTCH npeUII3~0HHaH 6bICTPOUIIKJ11Ipy10maH BO.n;opo.n;HaH ny'3blpbKOBaH 
KaMepa (BUTIK), llllipoKoaneprypHoro MarHIITHoro cneKTpoMeTpa c np?· 
nopUIIOHaJibHhIMII KaMepaMII II .n;eTeKTOpa raMMa·KBaHTOB, npe.n;cTaBJIHIO· 
mero ro.n;ocKon cTeKJIHHHhIX qepeHKOBCKIIX cqeTqlIKOB nonHoro no_rnomeHMH 

(JlErA). 
Y CTaHOBKa pacnonaraeTCH Ha KaHane N~ 22 ycKoplITCJIH Y - 70 11<1> B3 

(IlpOTBIIHO). IlplI Ha6ope CTaTIICTIIKII, Heo6XO)];IIMOH )];JIH OCHOBHOH 3a.n;aqH.:.. . 
II3yqeHMH npoueccoB po)l()];eHIIH II_ xapaKTeplICTIIK oqapoBaHHhIX qacr1IU -
6y.n;eT HaKonneH MaTep1IaJI, KOTOpb!H MO)KCT 6hITb IICnOJib30BaH )];JIH pH:na 
caMOCTOHTCJlbHhIX 3a.n;aq, He Tpe6yIOIQIIX II3MeHeHIIH KOHq:>1IrypaQIIII ycTaHOB· 
KII. OnHOH II3 Tal<'.HX 3a.n;aq HBJIHeTCH HCCJie.n;oBaHIIe npoueccoB )];IIq:>paKUIIOH· 

HOH LlHCCOUHaUHH. B HaCTOHIQeH pa6oTe nplIBe.n;eHbl oueHKII 3cpcpeKTIIBHOCTII 
CBJl )];JIH perlICTpaQIIII Tal<'.IIX npoueccoB, II HCCJIC)];OBaHa 3cpcpeKTIIBHOCTb 
HX Bbl)];CJICHIIH C noMOIQblO KJiacTepHoro anroplITMa. JlnH 3TOro IICnOJib30Ba
JIIICb .n;ncppaKUIIOHHbie co6bITHH, creHep1IpoBaHHhie no MeTo.n;y MoHTe-Kapno.- _ 

II. rEHEPHPOBAHHE COBhITl10: no METOJlY MOHTE-KAPJIO 

C noMOIQhIO nporpaMMhI TWIST 12 1 6hmo creHep1IpoaaHo no 2000 co
fihITIIH .n;ncppaKUMOHHOH )];IICCOUMaUIIII nyqKOBOH qaCTIIUhl B pp-B3aHMO· 
.n;eikTBIIII nplI 70 r3B/c .n;nH cne.n;y10m1Ix peaKUIItt: 

pp ,,. (prr o) p 

pp + (prr+ rr- ) p 

pp + (prr+ rr- rr 0 ) p. 

~i\,.4:,,.,. .• ~ ... -.... ;;;Mt,',"1,.ra..11,~:~., ...... ,,. __ ,...,.,.... 
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Puc. J. Pacnpeoe,WHWI no UMny;zbcaM 

np0T0H0B (CllllOUJHQJI /IUHWI) u no

/l0J/CUTetlbHblX nu0H0B (nyHKTUPHlIJ!) 
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3aencnMOC'.J'h ceqeHnH rrpo
uecca OT MaCCbl B036y)K,l],eHHOH 
cncTeMbI M x 3a,n;aeanach pacrrpe
,n;eneHneM raycca ( c ueHTpoM 
Mx = 1,4 r3B n a= 0,2 r3B) B pe-

30HaHCHOH o6nacTH H Bbipa)KeHn

eM 1/M~ ,n;m1 6onhrnnx Mace. 3a
BHCHM0CTh ceqeHIIH OT KBa,n;paTa 
qeTbipexMepHoro rrepe,n;aHHoro 

nMrrynhca t 3a,n;aeanach 3KcrroHeH
TOH C yqeTQM MaCCOBOH 3aBHCH· 

M0CTH rrapaMeTpa HaKn0Ha. Pae
lla)]; B036y)K,l],eHHOH CHCTeMhl ocy
mecrenHncH 110 cpa30BOMY 061,
eMy H30Tp011H0 B ee CHCTeMe 
ll0K0H •. 

20 40 60 138/c XapaKTepncrnKH creHepn-
poBaHHhIX co6bITHH CpaBHHBa
nHCb C xapaKTepncrnKaMH AH· 

cppaKI.(HOHHblX co6bITHH B pp-B3aHMO,D;eHCTBHHX rrpn 22,4 r3B/c, BhI,D;eneH

HbIX C ll0M0ll.(l,IO KnacTepHoro MeTo,n;a 13 I, 0llHCaHH0ro B pa3,n;ene IV. Pa3-

HHI.(a B HaqanhHblX 3HeprHHx H B qacTHI.(ax eyqKa cpaBHHBaeMbIX co6bITHH 

He ,ll;0n:>KHa cyll.(eCTBeHH0 MeHHTh HX x:apaKTepHCTHKH H3•3a cna60H 3aBHCH· 
M0CTH ,n;ncppaKI.(HOHHblX rrpou;eccoB OT 3HeprHH H rrpnpo,D;bl B3aHMO,n;eHCTBy
lOII.(HX a,n;poH0B. QqeHh 6nn3KH 0Ka3anHCh pacrrpe,n;eneHHH 110 cpeHHMaHoB-

. CK0H rrepeMeHHOH Heeo36y)K,l],eHHoro rrpoT0Ha X F , pacrrpe,n;eneHnH 110 
6bICTpOTe ,n;ncppaKU:HOHHbIX CHCTeM ~ T.,D;., K0T0pble He BB0,ll;HnHCh e HBH0M 
en,n;e rrpn. reHepnpoeattnn. Cpe,n;Hnii 11011epeqffbIH HMrrynhc qactnu, rronyqeH
HhIH ,n;mI peanhHbIX co6bITHH 14 

I' B ,n;ncppaKI.(HOHHOH CHCTeMe, 0TH0CHTenbH0 

HarrpaeneHHH ee ,D;BmKeHHH B CHCTeMe ueHTpa Mace (c.l.(.M.)' 6nH30K K 
(0,45 ± 0,10) r3B/c. 

Ha pnc. l ll0Ka3aHbl pacrrpe,n;eneHHH 110 HMeynhCaM ,n;ncppaKI.(IlOHHO 
po)K,l],eHHbIX llp0T0H0B H 7T+ ·Me30H0B B na6opaTOpHOH CHCTeMe. OTqeTnIIBO 
Bbipa)KeHo 0)KH,n;aeMoe nn,n;np0BaHHe llp0T0H0B B ,n;ncppaKu;HOHHOH CHCTeMe. 
3TOT cpaKT M0:>KH0 HCl10nb30BaTh rrpn oT6ope co6hITHtt ,n;nH H3MepeHnii 
n ,n;anhHeiirneii o6pa6oTKH. 
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Ilpoee,n;eHH0e cpaeHeHIIe pacnpe,n;eneHIIH reHepIIpoBaHHbIX iI peanhHhIX 

co6bITIIH ,n;aeT 0CH0BaHHe cqnTaTh reHepIIpoBaHHbie co6bITIIH ,ll;0B0nhH0 
peanHCTnqecKIIMH H a,n;eKBaTIIhIMH ,n;nH n3yqeHHH C HX ll0M0II.(blO 3cpcpeKTHB

H0CTil perHCTpau;nn 3KCrrepIIMeHTanhHOH ycTaH0BKil II anropHTMa BbI,D;eneHHH 
,n;ncppaKI.(HOHHblX B3aHMo,n;eiicmHH. • 

III. 3<l><I>EKTl1BHOCTb CB.U .UJUl PErl1CTPAUl111 
.U11<I>P AKU11OHHbIX B3Al1MO.UE:0CTB1111 

C noM0II.(hIO nporpaMMhI TWIST 3apH)KeHHhie qacTHU:hI reHepnpoaaHHhIX 
co6bITIIH "rrpoeycKanHch" qepe3 cneKTp0MeTp C yqeT0M MarHHTH0ro rronH 
n 0TMeqanach rrocne,n;HHH nporropu;IIoHanhHaH KaMepa, qepe3 K0Topy10 OHM 

npoX0,ll;Hnll. Co6bITIIe cqnTanoch 3aperncTpIIpOBaHHhIM, ecnn 3apH)KeHHbie 
qacTHI.(bl ,n;ncppaKU:IIOHHOH CHCTeMbl rrpoxo,n;nnn no KpattHeH Mepe qepe3 
qeTaepTyIO 11po11opu;II0HanhHy10 KaMepy, a HeiiTpanhHaH qacTnu;a rrpoxo,n;IIna 

qepe3 aneprypy Marmrra ( CM. pnc. 2) . 3cpcpeKTIIBHOCTh perncTpau;HII rrpo
nopu;nouanhHhIX KaMep H cqeTqHKa .UEr A llpIIHHManacb 3a 100%. 11Mrrynhc 

Me,n;neHH0ro HeBo36y)K,l],eHHOro 11p0TOHa cqIITancH H3BeCTHbIM H3 ,ll;aHHblX 

BUIIK. 
3cpcpeKTHBHOCTh CB.U ,ll;nH perncTpau;HII co6bITHH OT peaKI.(IlH o,n;HHoq

HOH ,n;ncppaKU:IIOHHOM ,ll;HCC0I.(Hau;IIH qacTIIU:bI nyqKa (1) - (3) 6nll3Ka K 
100% . .UonH He3aperIIcrpnpoaaHHblX co6hITHH ,n;nH I<'.a)l(,D;OH peaKu;Hll MeHbllle 

1 %. Ilpn 3T0M Macca ,n;ncppaKI.(HOHHOH CHCTeMbl TaKHX co6bITHM OKa3anacb 
6onee 4 r3B. 

Co6bITIIH ,ll;BOHHOH ,n;ncppaKI.(IlOHHOH ,ll;IICC0U:Hal.(IIH He reHepIIpoeannch. 

C xopollIHM 11pII6nn)KeHHeM 3cpcpeKTHBHOCTh perncrpau;nn TaKHX co6bITIIH 
M0:>KH0 rronyqHTh cne,n;yIOII.(HM o6pa30M. 3cpcpeKTHBHOCTh IIX perHCTpaU:Hll 
6y,n;eT orrpe,n;enHThCH 3cpcpeKTHBHOCThlO perncTpau;IIH Me,n;neHHOH ,n;ncppaKI.(Il· 

OHHOH CHCTeMbI, TaK KaK 3cpcpeKTIIBHOCTh perncTpau;IIII 6bICTpOH ,n;ncppaKU:Il· 

OHHOH CHCTeMhI 6nII3Ka K 100%. Il03TOMy 3HaK rrpo,n;onhHblX K0MllOHeHT 
HMrrynhC0B BTOpnqHblX qacTHI.( peaKI.(IlH (2) MeHHeTCH Ha 11pOTIIBOl10IT0)K

Hblll, HMHTHpyH TaKHM o6pa30M 
Me,n;neHHYIO ,n;ncppaKI.(HOHHYIO CHCTe
My. 3TH co6hITHH cqnTanHCh 3ape
rncTpHpoaaHHbIMH, ecnII Bee qaCTHU:bl 

Puc. 2. CxeMa pacno110J1CeHW1 oereKropoe 

CB,IJ: 1 - EUIJK, 2 - MQ2HUT MC- 7A, 

3 - nponopZJU0HO/lbHble KaMepbl, 4 -
,IJEI'A, 5 - MUKpocrpunoeb1e oereKTOpbl. 
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,IJ,IIcppaKJ:~IIOHHOH CIICTeMbl ,IJ,OCTIIrmi: nepe,D,Hero KpruI MarHIITa (npII6Jm-

3IITeJibHO 1IeTBepzyro KaMepy) 6e3 yqeTa MarHIITHOro non.fl. BeJIIIqIIHa 3cp

cpeKTIIBHOCTII perIICTpauIIII co6bITIIH ,IJ,BOHHOH ,D,IIcppaKUIIOHHOH ,IJ,IICCOUII

auIIII nonyqeHa 0,03 ± 0,01. C yqeToM Manoro ceqeHIIH 3Toro npouecca 

(HeCKOJihKO ,IJ,eCHTKOB MIIKpo6apH) ero II3yqeHIIe Ha CB.!( Heuenecoo6pa3HO 

B paccMaTpIIBaeMOH KOHcpIIrypaUIIII ycraHOBKII • 

IV. 3<1><1>EKTHBHOCTb Bhl.!(EJIEHHH 

.!(H<l>PAKUHOHHhIX B3AHMO.!(El1CTBH:11 

.!(JI.fl acex BTOpIIqffblX qaCTIIU peaKUIIH (1)- (3) nocne KIIHeMaTIIqecKo

ro aHaJIII3a ( 4c- IIJIII 3c-cpIIT) 6y.D.yT II3BeCTHbl IIMnyJihCbl II 3apH,D,bl, He

o6XO,Il,IIMbie ,IJ,JIR BbI,IJ,eJieHIIH II 3KCKJII03IIBHoro II3yqeHIIH O,Il,IIHOqHoii ,IJ,II

cppaKUIIOHHOH ,IJ,IICCOUIIaUIIII. 

B pa6oTe /J / npe,D,JIO)KeH KJiacTepHblH MeTO,IJ, ,IJ,JIH BbI,IJ,eJieHIIH ,D,IIcppaKuII

OHHbIX B3aIIMO,IJ,eHCTBIIH. TaM noKa3aHo, qTo npII noBblllleHHOH MHO)KeCT

BeHHOCTII BTOpIIqHblX qacn1u 3TOT MeTO,Il, 6onee Ha,IJ,e)KffO BbI,IJ,eJIHeT ,D,IIcppaK

UIIOHHhie co6bITIIH, qeM o6biqHo IICnOJih3yeMbie MeTO,IJ,bl npo,D,OJibHOro cpa-

30Boro npOCTpaHCTBa (LPS) /S / II MaKCIIMaJibHoro 6bICTpOTHOro IIHTep

aana 16 I. ITepIIcpepIIqecKIIH xapaKTep ,IJ,IIq>paKUIIOHHOH ,IJ,IICCOUIIauIIII II ,IJ,O

MIIHIIpOBaHIIe MaJibIX nepe,D,aHHblX IIMnyJihCOB npIIBO,IJ,HT K rpynnIIpOBaHIIIO 

BTOpI!qHbIX qaCTIIU B KIIHeMarnqeCKIIX CTPYHX B HanpaaneHIIHX B3aIIMO

,IJ,eHCTBYIOIUIIX a,D,poHoB. ITo3TOMY KJiacrepHbIH H3hIK HBJIHeTCH 6onee a,IJ,e

KBaTHhIM npII II3yqeHIIII 3TIIX npoueccoa. 3,IJ,ecb KJiacTep onpe,D,eJIHeTCH 

KaK rpynna qacrIIu,· ,IJ,JIH KOTOpblX yrJibl Me)K,IJ,y IIMnyJihCaMII MeHbllle, qeM 

yrJibl Me)K,IJ,y IIMnyn1,caMII qaCTIIU KJiaCTepa II OCTaJihHblX qacTIIU a co6bITIIII. 

B yrnoaoii MeTpIIKe KJiacTepII3auIIH BTOpIIqffblX qacrIIu ,D,IIcppaKUIIOHHbIX 

co6hITIIH a c.u.M. nyqrne Bbipa)KeHa, qeM a MeTpIIKe 6bICTpoT; Me,IJ,JieHHbie 

qacTIIUbl o6oIIx KJiacTepoB 6JIII3KII ua lllKaJie 6bICTpOT, HO CIIJibHO OTJIII

qaIOTCH no yrnaM. 3a,IJ,aqa BbI,IJ,eJieHII.fl ,IJ,IIcppaKUIIOHHblX B3aIIMO,IJ,eHCTBIIH 

CBO,Il,IITCH K rpynnIIpOBaHIIIO BTOpIIqffI;,IX qacTIIU B KJiaCTepax II npoaepKe 

IIX ,IJ,IIq>pUKUIIOHHOro npOIICXO)K,IJ,eHIIH. 

.!(JI.fl rpynnIIpOBaHII.fl qaCTIIU B KJiaCTepax B MeTo,IJ,e IICnOJih3yeTCH 

MaTpIIua yrJIOB Me)K,IJ,y IIMnyJihCaMII qacTIIU B c.u.M. II crpOIITCH TaK Ha-

31,maeMoe "MIIHIIMaJihHO pa3BeTBJieHHOe ,D,epeao" (MP.!() • EcnII N qacrIIU 

B npocrpaHCTBe JII06oii MeTpIIKII HY)KffO CBH3aTb N-1 CBH3hIBaIOIUIIMII 

3JieMeHTaMII, TaK, qTo6bI IIX cyMMapHaH ,IJ,JIIIHa 6bma MIIHIIMaJibHOH, TO 

3Ta 3a,IJ,aqa IIMeeT O,IJ,H03HaqffOe perneHIIe, II KOHq>IIrypauIIH CBH3bffiaIOIUIIX 

:meMeHTOB ecrb MP.!(. .!(Ba KJiaCTepa BTOpIIqffhIX qacTIIU pa3,D,eJieHhl caMhIM 

,IJ,JIIIHHhIM CBH3hlBaIOIUIIM 3JieMeHTOM B MP.!(. TaKIIM o6pa30M, "pa3py6IIB" 

3TOT 3JieMeHT MP.!(, BTOpIIqHbie qacrIIUhI rpynnIIpyroTcH a ,IJ,Ba KJiacTepa 

4 

B MeTpIIKe yrJIOBblX paCCTOHHIIH Me)K,IJ,y IIMnyJibCaMII B c.u.M. IIJIII IIX reo

,IJ,e3IIqecKIIX pacCTOHHIIH Ha e,IJ,IIHIIqffOH ccpepe • .!(aJibllle anropIITM pa6oTaeT 

C KJiacrepaMII, a He C OT,IJ,eJibHbIMII qaCTIIUaMII. 

Co6bITIIe cqIITaeTCH Pe3YJibTaTOM ,IJ,IIcppaKUII~HHOH ,IJ,IICCOUIIaUIIII, ecJIII 

KJiaCTepbl Y.D.OBJieTBOpHIOT onpe,D,eJieHHblM KpIITepIIHM, BhlTeKaIOIUIIM II3 

cneuIIq>IIKII npouecca. .!(JI.fl 0,IJ,IIHOqffOH ,IJ,IIcppaKUIIOHHOH ,Il,IICCOUIIauIIII npII-

1 
MeHHIOTCH CJie,IJ,yromIIe ,IJ,Ba KpIITepIIH: 

1) O,IJ,IIH II3 KJiaCTepOB HBJIHeTCH O,IJ,HoqacTIIqHblM II IIMeeT. Macey, 

3apH,D, II 3HaK 6bICTpOTbl TaKIIe :lKe, KaK y qacTIIUbl nyqKa (IIJIII MIIllleHII). 

3TOT KpIITepIIH OTpa)KaeT OTCYTCTBIIe o6MeHa KBaHTOBblX qIICeJI Me)K,IJ,y 

,D,IIcppaKUIIOHHO B3aIIMO,IJ,eHCTBYIOIUIIMII a,D,pOHaMII. 

) 

2) .!(JI.fl o,IJ,HoqacrIIqHoro KJiacTepa IX F I> 0,8. 3To ycnoBIIe BbITeKaeT 

II3 KorepeHTHOCTII ,D,IIcppaKUIIOHHOH ,IJ,IICCOUIIaUIIII. 

N" 

1. 

2. 

3. 

Ta611U/,/Q, . HHrezpa/lbHQJI JrjiifjeKTUBHOCTb €M BblOC/leHWI ourftpaK/,/UOHHOU 

OUCCO/,/UQ/,/UU 

PeaK/,/WI EM 
-

pp ... (prr o) p 0,90 ± 0,03 

pp ... (prr•rr-) p 0,91 ± 0,03 

pp ... (prr•rr- rr 0 ) p 0,87 ± 0,03 

B Ta6nIIue npIIBe,IJ,eHbl IIHTerpaJibHbie 3cpcpeKTIIBHOCTII KJiacTepHoro 

MeTO,IJ,a BbI,IJ,eJieHII.fl O,Il,HOqacTIIqffOH ,IJ,IIq>paKUIIOHHOH ,Il,IICCOUIIaUIIII ,IJ,JIH 

reHepIIpoBaHHbIX co6blTIIH B peaKUIIHX ( 1) - ( 3) • Ha pIIC. 3 II 4 nOKa3aHhl 

3aBIICIIMOCTII 3cpcpeKTIIBHOCTII OT_ MaCCbl ,IJ,IIcppaKUIIOHHOH CIICTeMbl M X 

II KBa,D,paTa qeTb1pexMepHoro nepe,D,aHHoro IIMnyn1,ca t. 3cpcpeKTIIBHOCTh 

6JIII3Ka K 100% ,IJ,JIH MaJihIX Mace II nepe,D,aHHbIX IIMnyJihCOB II yMeHblllaeTCH 

c IIx B03pacTaHIIeM. OHa na,IJ,aeT .D.O 25 % npII M x > 4 r3B II .D.O 5 % npII I t I > 

> 1 r3B/c 2 • OcHOBHaH npIIqIIHa CHII)KeHIIH 3cpcpeKTIIBHOCTII C pocTOM Mx -

3TO yxy,IJ,rneHIIe KJiacTepII3aUIIII BTOpIIqffhlX qacTIIU, qTO npIIBO,IJ,IIT K nno

XOMY rpynnIIpoaaHIIIO B KJiacTepax. C pocroM I t I npeIIMymecmeHHo 06pa-

3yroTcH 60JihlllIIe MaCCbI; KpOMe TOro, yMeHhrnaeTCH X F ' II co6bITIIH qame 

OT6pacbmaroTCH no BTOpOMY KpIITepIIIO. 

Cne,IJ,yeT IIMeTb B BII,IJ,Y, qTO oueHKII 3cpcpeKTIIBHOCTII Ha "xaocrax" 

COOTBeTCTBYIOIUIIX pacnpe,D,eJieHIIH CO,D,ep)KaT a ce6e ace Heonpe,D,eneHHOCTII 

reHepHpoBaHHbIX C06bITIIH B 3TIIX npe,D,eJibHbIX cnyqaHx. 
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V. 3AKmoqEHI1E 

Mx 

Puc.4. 3aBUCUMOCTb 

3,jj,jjeKTUBHOCTU Bbl

OC.IICHWI ou,jjpaKijUOl-l-

1-IOU oucco14ua14uu nep
au111-1b1x nporo1-1oa OT 
KBaopaTa 11enIpex

Mep1-1ow nepeoa1-11-1020 

uMny.11bCa. 

C noMOIUhIO rettepupoBaHHhIX co6hITHH no MeTo.z:i;y Mottrn-Kapno no

Ka3atto, qTo ycTaHOBKa CB.U MO,l<eT perHCTpHpOBaTh co6bITlliI OT .z:i;mppaKUH· 

OHHOll AHCCOUHaUHH qacTHUbl nyqKa B pp-B3aHMO.D;eii~TBHH npH 70 r3B/c 

C 3cpcpeKTHBHOCThIO, 6JIH3KOH K 100%. 3cpcpeKTHBHOCTh perucrpauHH ,II,BOll

HOH .D;HcppaKUHOHHOH AHCCOUHaUHH MaJia, IlO3TOMY ee u3yqeHHe Ha CB.U He

uenecoo6pa3HO. KnacTepHbIH MeTOA BhI,nemieT .D;HcppaKUHOHHYIO .D;HCCOUH· 

aumo C y.n;OBJieTBOpHTeJihHOH 3cpcpeKTHBHOCThIO, 3a HCKJIIOqeHHeM KHHeMaTH

qecKOll o6JiaCTH 60JihllIHX Mace H 6oJihllIHX nepe,z:i;aHHhIX HMilYJihCOB. 
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