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011IH6KH KHHeMaTH'I8CKHX napaMeTpOB TpeKOB B ny3blpbKOBbiX KaMe

pax C, TSI>KenbiMH )I(H,IlKOCTSIMH B OCHOBHOM Onpe.aenSIIOTCSI MHOI"OKpaTHbiM 

paCC8SIHHeM. no9TOMY KaK npa paapa60TKe HOBbiX M8TO,Il0B Bbi'IIICneHHSI KH

HeMaT!I'I8CKHX napaMeTpOB TpeKOB 1 TaK II npa nnaaapOBaHllll $H3H'I8CKIIX 

9KcnepHMeHTOB noneaao aaaTb Hli)I(Hae rpaHHUbi .aacnepcaA oueaoK napaMeT

pos H npe)l(,ll8 BCei"O HH)I(HIOIO rpaHI!Uy .llHCllepC!IH 'a 2(p) KpHBH3Hbl TpeKa 

B ero nepsoA TO'IKe, CBSI3aHHYIO C MHOI"OKpaTHbiM paCC8SIHH8M
1 

H ee aasa-

CIIMOCTb OT nnOTHOC'I'll Cp8,1lbl 1 'IIICna TO'I8K TpeKa n H T.n. 

8hi6epeM CHCTeMy KOOp,llHHaT X y TaKIIM 06pa30M1 'IT06bi OCb X 

cosna.aana c HanpasneaaeM .llBH)I(eHRSI 'laCTRUbi B nepsoA TO'IKe TpeKa. 

Tor.aa $yHKUIISI pacnpe.aeneHHSI ~(y,p) cnyqaAaoro seKTopa y 

-( n- I)/ 2 -1 -~ 1 
~(y, p)=(2") !G I exp(--~yTG~y), . 2 

r.ae ~y=y-<y> G -1 
- MaTpHUa MHOI"OKpaTHOI"O paCC8SIHIISI 

/1/ 
pasHa 

(1) 

/2/ 

nycTb p 

( y ' ... ' y 

H8CM8lll8HHaSI OUeHKa Kpll~li3Hhl TpeKa p .anSI Bbi60pKII 

I n • Tor.aa, no onpe.aeneHHIO, 

J ( p- p ) d ~ (y' p ) = 0 • (2) 
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llH<!J<!JepeHUHPY 5I (2) ITO p , IT011Y'IHM 

J< p- p) s ( y' p )dIll ( y ' p ) = 1 ' (3) 

rile 

( a ( 1 G-•r1 a G-1 TG ahy 1 T aG Sy,p)=-ln<ll y,p)=--1 1 -1 1-(hy ->--<hy -hy). (4) 
ap 2 ap a P 2 a P 

llnSI H8X0)Kil9HHSI HH)KH9~ rpaHHUhl llHCITepCHH KpHBH3Hbl TeiTepb OCTaeTCSI 

/3/ 
BOCIT01lb30B8TbCSI 06hi'IHbiM CITOC060M , ITpHMeHHB K ( 3) HepaBeHCTBO 

illBapua: 

l = < f < p- p ) S( y, p ) d Ill ( y, p ) ) 2 2 < f < p - p) 2 
d Ill ( y, p ) )( fS

2 
(y) p ) d Ill ( y , p ) ). ( 5) 

- 2 ~ 
DocK01lbKy, ITO OITpelle1leHHl0 0 f(p-p) J¢(y,p)=a 2(p) , TO H3 (5) He-

ITocpellCTBeHHO cnellyeT, 'ITO 

~ 2 
a 2 (p);:11<S >. 

BselleM.~6oaaa'leHHe G=f(p)g , rile f(p)= 
12X 0 

2 
Es 

p = ( 0, 03 H ) I p , g -I = t 
2 

( 3 t - t. ) , 31leCb E s = 
1 k I k 1 

4 
p 

m 2+ p 2 

21 MaB, 

X 
0 

-palli-!8UHOHHaSI ll1lHHa cpellhi, H - HHilYKUH>• MarHHTHoro IT011SI, m , 

p H E - Macca, HMITy1lbC H aaeprHSI '!aCTHUhi, a t i - ll1lHHa TpeKa B 

I -o~ TO'!Ke, Torlla, KaK HeTpyllHO ITOK838Tb 0 

(_1_ ~ IG-11>2=(n -1 )2 (f'l f)2' 
I G-1

1 ap 

<(hyTG ahy)2>=(BTGB), 
ap 

<(hyT~hy) 2 > = (oL1){f'lf)
2

, 

ap 

4 

',!I; 

l 
·r.l.!• 

·:· 

_.,.·~~. 

-b<-a-IG-
1
I)<(t\ yTG~)>~<(hyTG~)(hyT ~i:\y)>=O 

IG I ap ap ap ap • 

1 a -• T aG 2 2 
--< - I G I ) < < h y - hy) >, - (n -1) ( f , I f) 
I G -1 I a P a P 

H, C1lellOBaTe1lbH0 0 

2 - T 
a (p) ~ 1 I ( ( B GB) + 

2 2 2(n-1)(1+_2!_) ), 
--:2:--- E2 

p 

(6) 

rile HCTI01lb30B8HO 0603H8'1eHHe B=ahylap. 

B TOM cny'lae, KOrlla a (6) HMeeT MeCTO paBeHCTBO, oueHKa p 

SIB1lSieTCSI a!P!PeKTHBHO~ H a 2 ( p ) ITpellC T8B1lSieT HH)I{HlOlO rpaHHUY llHCITepCHH 

oueHKH. 

llnSI OTbiCK8HHSI oueHOK KHHeM8TH'!eCKHX napaMeTpOB TpeKOB ITpHMeHSI

eTCSI 11H60 MeTOJl MaKCHM81lbHOrO rrpaBilOITOil06HSI (MMD) 0 11H60 M6!TOJl HaH

MeHblliHX KBallpaTOB (MHK). B paccMaTpHBaeMoM cny'lae MMD CBOilHTCSI 

K pellleHHlO ypaBHeHHSI s= 0 OTHOCHTe1lbHO p • B MHK ITepBbiM 'H TpeTb-

TG ahv xl 
HM '!1leH8MH B (4) ITpeHe6peralOT H pelllalOT ypaBHeHHe (hy ~)=0 , 

a ,ap 
DycTb p -a!P!PeKTHBH8SI OUeHK8 ll11SI HCTHHHOrO 3Ha'le'HHSI KpHBH3-

Hbl p O , a p - HeCMeiiJeHH8SI OUeHKa tl11SI p 0 , IT01ly'laeMaSI OllHHM 

H3 9THX MeTOtlOB (MMD 111111 MHK), Tor11a aq,q,eKTHBHOCTb p ll11SI oue-

HHB8HHSI Po OITpetle1lSieTCSI COOTHOllleHHeM 

( ''I 2- z" cff p p )=a (j))la (p). 
0 

x/ 3aMeTHM, 'ITO B o60HX C1ly'laSIX < S > = 0 , TaK K8K 

a G -I -1 a -1 
H <(hyT-hy)>=-IG I -IG I , H oueHKa 

<(hyTG~)>=O 
cJp 

p OK83biBaeTCSI HeCMe-

ap ap 
IJ)eHH~A. ~aK y)Ke OTMe'!81lOCb B /4/, ITpeae6pe)KeHHe KOa!P!PHUHeHTOM 

I G- 1- 2 ITepell ITOKa3aTeneM 9KCITOHeHTbi IPYHKUHH paciTpelleneHHSI ( 1) B 

MMD aellOITyCTHMO, TaK KaK ITPH aToM <S >I 0 H, CJiellOBaTenbao, oueHKH 

ITapaMeTpOB CT8.f!OBSITCSI CMeiiJeHHbiMH. 
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2 ') ~ I 
H3 npeJlbiJlYIUHX cjlopMyn cneJlyeT, 'ITO B MHK a MHK ( p = ( 8 G8)- H, 

cneJlOBaTenbHO, 

effMHK(;IPo )=l/(1+ 2(n-l) (l+~)z),J- 2(n-l) .(1 m2 )2 
T E2 +---

p 2 (B G 8 ) p 2 ( B T G 8 ) E 2 '( 7) 

.. 
B MMIT nony"'HTb npocToe aaanHTH"'eCKOe Bbipa)KeHHe JlnSI a 

2 
( p ) yJla-

eTCSI, ecnH npeJlnonO)KHTb, 'ITO m << E H aeKTOp < y > nHaeiiao 3aBHCHT 

/4/ 
OT p , flpH 9THX npeJlnOnO)KeHHSIX 

2 .. 
a MMfl ( p) = ( l 

2(n-l) 

p Z(B TGB) 
+ 

2 T 
(n-1) );<BG8) 

p4(8TG8)2 (8) 

H, 3Ha"'HT, C TO"'HOCTblO JlO TpeTbei'O qneaa B ( 8) 

.. 
eff MMn ( p I p 

0
) = l . 

x! 

TaKHM o6pa3oM, MMIT no3aonSieT nony"'HTb 9cjlcjleKTHBHYIO oueHKY 

KpHBH3Hbi TpeKa, a scjlcjleKTHBHOCTb MHK onpeJlenSieTCSI cooTaoweHHeM (7), 

HarnS!JlHOe npeJlCTaeneHHe o aenH"'HHe HH)KHei% rpaHHUbi JlHCnepCHH 

oueaKH KpHBH3Hbi TpeKa H scjJcjleKTHBHOCTH MHK JlaeT npHBOJlHMaSI HH)Ke 

Ta6nHua. B aei% OTHOCHTenbHaSI owH6Ka a ( p) I p 0 (rile a (p) onpeJlene-

aa no ( 6)) H eff MHK (; I p 
0

) ( 7) Bbi"'HCneaa JlnSI JlBYX cpeJl: 

nponaaa ( X 
0 

="108 eM) H nerKoro cjlpeoaa ( X o = 24,2 eM) - JlnSI Tpe-

KOB npOTOHOB npH HeCKOnbKHX 3Ha"'eHHSIX HMnynbCa H Mai'HHTHOM none 

H .= 1 ,67 Tn. HMnynbc TpeKa C"'HTancSI nocTOSIHHbiM, noaTOMY < y > 

pt 2;2!-p 3 t 4 /4! + p5 t 6 /6! • t{Hcno To"'eK TpeKa n = 20, pac-

CTOSIHH SI Me)KJlY TO"'KaMH TpeKa OJlHHaKOBbi; L - nonaaSI JlnHHa TpeKa. 

x/ 3TOT )Ke pe3ynbTaT MO)KHO nony"'HTb H He BBOJlSI JlOOOnHHTenbHbiX npeJl-

nonO)KeHHH, HO ueHOH JlOCTaTO"'HO cnO)KHblX BbiKnaJlOK, 

6 

.. 

Ta6nHua 

C3Hs C2F s q 

p (faa/c) L(cM) a(p)/po eff MHK L (eM) a(p)/po effMHK 

0,5 20 0,0763 0,30 to 0,0890 0,05 

1,0 67,5 0,0461 0,83 25 0,0923 0,30 

1,5 100 0,0345 0,93 50 0,0798 0,60 
2,0 100 0,0319 0,95 100 0,0618 0,80 

3,0 100 0,0300 0,96 100 0,0593 0,84 

4,0 100 0,0293 0,96 100 0,0583 0,86 

5,0 100 0,0289 0,97 100 0,0578 0,87 

KaK BHJlHO H3 Ta6nHUbi, oueaKa KPHBH3Hbi, aail:JleaaaSI no MHK, rrpH6-

nH)KaeTCSI K acjlcjleKTHBHOH OUeHKe IlpH yaenH"'eHHH HMnynbca "'aCTHUbl, flpH 

yMeHbWeHHH "'HCna TO"'eK TpeKa H JlnSI "'aCTHU MeHbiUeil: MaCChi acjlcjleKTHB

HOCTb MHK CHnbHO B03pacTaeT. TaK, aanpHMep, npH Tex ~e ycnoerrSIX ,, 
JlnSI 77 -Me30HOB C HMnynbCOM 0,5 fae/c eff MHK( p/ p o )=0,83 JlnSI IipOIIaHa 

H 0,36 - JlnSI cjlpeoaa. flprr peweHHH eorrpoca o npHMeHeHHH MijK HnH MMIT 

cneJlyeT Y"'HTbiBaTb H TO 06CTOS!TenbCTB01 'ITO JlnSI "'aCTHU He60nbWOH 

saepi'HH, KOI'Jla acjlcjleKTHBHOCTb MMIT rro cpaeaeaHIO c MHK oco6eaao ae

nMKa, HMIIYnhC "'aCTHU, OCTaHaBnHBaiOWHXCSI B KaMepe
1 

MO)KeT 6b!Tb C eiUe 

C5onbwei% TO"'HOCTbiO orrpeJlenea rro npo6ery. 

B 3aKniO"'eHMe aeTOpbi 6naroJlapHbi npocjl. B.fl • .ll)Kenenoay 3a rroJl

.ll9P)KKY pa60Tbl H IIOCTOSIHHOe BHHMaHHe, 
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