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Bom.WHHCTBO 9KCnepHMeHTOB 1 · npOBOJlHMblX B HSCTOSIIIlee 

BpeMSl HS yCKOpHTen5lX C nOMOIIIblO nyabipbKOBblX · KaMep, HeMbiC

. nHMO 6ea npHMeHeHHSl CnO)I(HOrO KHHeMaTH"'eCKOrO 8HSnH381 He- · . 
o6XOJlHMOrO Jln5l BhiJleneHHSl HCCnenyeMh!X B38HMOJlei!:CTBHit sne-

MeHTapHbiX "'SCTHU H3 BCei!: COBOKynHOCTH KHHeMaTH"'eCKH no-

, Jl06HbiX nponeCCOB. 8.pq.eKTHBHOCTb TSKOrO KHHeM.STH"'eCKOrO 8H8-

nuaa H nocnenyiOIIIei!: CTS~HCTH"'eCKOR o6pa60~KH SKCnepHMeH

TSllbHbiX Jl8HHhiX1 B ·nepBYIQ O"'epeJlb1 38BHCHT OT TO"'HOCT.H1 C 

KOTOpOii onpeneneHbl KHHeMSTH~eCKHe napa~eTpbl TpeKOBo 

0JlHHM H3 OCHOBHhiX <flaKTOpOB1 YXYJlWSIOIIIHX TO"'HOCTb Bhl-

· "'HCneliHSl KHHeMSTH"'eCKHX napaMeTpOB1 .smngeTCSl HCKS:lKeHHe 

.. TpeKOB1 Bbi3hlBSeMoe KynOHOBCKHM MHOrOKpSTHhlM pacce5lHHeM1 

KOTopoe TeM cum.ilee, "'eM 6om.we nnoTHOCTb cpenhl. TiosTOMY, 
.. .. . . 

ecnu B JKHJlKOBOJlOpOJlHbiX ny3blpbKOBblX KSMepaX BnH5lHHe Kyno-

HOBCKOrO pacce5lHH5l Ha owu6K~ Bhi"'HCneHHSl KHHeMaTH"'eCKHX na

paMeTpoa cpaaHHMo c . npyrHMH <flaKTopaMH ( TaKHMH 1 KaK Heon

HoponHOCTb MarHHTHOrO nong, HeTO"'HOCTH H3MepeHH~ KOOpJlHHS~ 

H ToJlo) 
1

. TO B nya~IpbKOBbiX KaMepaX C T5[)KenbiMH :lKHJlKOCTSlMH 

STR OIIIH6KR, B OCHOBHOM, onpenen5[10TC5[ .I;!MeHHO Ky-

nOHOBCKHM · pacce5lHHeM. ,llng sneKTpOHH:biX H noaa-

TpOHHhlX TpeKOB B ny3blpbKOBhlX KaMepaX C T5[)1(9nbiMH :lKHJlKOC

TSlMH He MeHbWHH BKnaJl B 9TH OIIIH6KH naeT H TOpM03HOe H3ny

.JeHHeo B peaym.TaTe1 HeCMOTPSl Ha 6om.wy10 s.pq.eKTHBHOCTb pe-

3 . 



rHCTpaUHH r -KB8HTOB .B IIY3blpbKOBbiX KaMepax c T.roKenhiMH 

:»CHJlKOCTSIMH (KOTOpaSI .ll03BOnSieT CT8BHTb Ha. HHX 9KCIIepHMeHTbi 0 

a psme cnyqaea Re!IOCTYIIHhie !In£ :lKH!IKOBO!IOPO!!HhiX rryahtpbKo

BhlX KaMep) TO'IHOCTH.OIIpe!teneHHSI KHHeMaTH'IeCKHX IIapaMeTpOB 

B T8KHX KaMepaX OK83biB8lOTC5l 3H8'IHT9nhHO HH:lKe, 'IeM B :lKH!l

KOBO!!OpO!!HhiXo Bcne!ICTBHe 9TOro rrpo6neMa KOppeKTHOrO y'IeTa 

KynoHOBCKOrO paCC95IHH5l H TOpM03HOrO H3ny'leHHSI rrpH Bhl'IHCne• 

HHH KHHeMaTH'ieCKHX napaMeTpOB . TpeKOB OC06eHHO B IIY3blpbKO..;. 

BhlX KaMepaX C T5l:lKenhiMH :lKH!IKOCTSIMH rrpn:o6peTaeT rrepBOCTe- . 

rreHHOe sHa'ienn:e. 

B !!HCcepTaUHH o6o6maeTC5l MeTO!IHKa Bhi'iHcneHHSI KHHeMa

TH'ieCKHX napaMeTpOB .TpeKOB B IIY3blpbKOBhiX KaMepaX C TSI:lKe-
. . /1-8/ . 

nhiMH :lKH!IKOCTSIMH, pa3pa60T8HH8SI B pa6oTaX • 3Ta MeTO-

!tHK8 OCHOB8H8 Ha IIpHMeHeHHH BIIepBhie BBe!leHHOfi H8MH ·· M8TpH

Uhl KYnOHOBCKOrO pacceSIHHSI H HOBblX MeTO!IOB y'IeTa TOpMOOHO-

ro Hany'l:eHHSI. 

JlHCCepTaUHSI COCTOHT H3 'I9TbipeX rnaa. B rrepaofi H3 . HHX 

paCCMOTpeHhl paapa60T8HHhie 8BTOpOM·MeTO!tbl yqeTa .Kyn~HOBC

Koro pacceSIHHSI ~ TOpM03Horo Rany'ieHHSI. Bo aTopofi rnaae onH

ChiBaeTCSI .COAep:lKaHHe rrporpaMMhl !! nSI 3BM, B··KOTOpofi Bhl'IHC

neHHe KHHeMaTH'ieCKHX rrapaMeTpoa TpeKoB ocHOBaHo.Ha rrpen-

no:lKeHHhiX MeTO!laX. y'ieTa KynOHOBCKOrO paCC95IHH5l H TOpM03HO

ro nany'ieHHSI~ B ·TpeTbefi rnaae orrncl.maeTCSI rrporpaMMa H!leH..; 

TH!\JHK8UHH V 
0 ~qacTHU n: y -KaaHToa. HaKoHeu, B 'IeTaepTofi 

rnaae · o6cy:lKnaroTCSI peaynhTaThi rrpoaepKH paapa6oTaHHhix MeTa

. AOB Bhl'iHCneHHSI KHHeM8TH'ieCKIIX napaMeTpOB TpeKOB, rrony'ieH

Hbie npn o6pa6oTKe ¢oTorpa¢nfi· c 'MeTpoaoit rrporraHoaofi rryahtpb-
. . . . /1/ 

KOBOfi KaMepbi QJ1.HJ1 
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I 

l.KynoHOBCKOe pacceSIHHe 

ITon KHHeMaT~'ieCKHMH rrapaMeTp~MH TpeKa IIOHHM810TCSI 

era KpHBH3Ha n: aaHMyTanhHhiH yron B nnocKOCTH XY 1 neprreH

nHKyn£PHOH HanpaaneHHIO MarHHTHoro non£, .n: TaHreHC yrna Ha

KnoHa /TpeKa K ~TOR rrnOCKOCTH, OIIpeneneHHhle B nepBOH TO'IKe 

TpeKa. 

Bhl'mcneHHe KpHBH3Hhi H aaHMyTanbHOro yrna ~CHOBaHo Ha 

MeTone H8HMeHbiiiHX KBanpaTOB 0 B .KOTOpOM MHHHMH3HpyeTCSI 

!jlyHKUHOHan: 

2 n ... (l:) ... 
X • :£ ( Y.t - Y (a ' x t)) G t k ( Y k - Y (a ' x k )) 

t,k•1 

(1) 

no napaMeTpaM. it I a 
1

, a.
2

, .. a ml anrrpoKCHMHpyromefi TpeK KPHBOH 

·y( t, X 

ox 2 I a a - o, 
I 

( l- 1 •••• t m ) • (2) 

( :£> 
B ( 1) x 

1 
, Y 

1 
-KoopnHHaThi n -To'ieK B rrnocKoCTH XY , G 1 k -

. . <l:> -1 
MaTpHUS BeCOB, o6paTHSSI MaTpHUe ( G . h OillH60K y ,-biX 

KOOpAnHaT. Hail:AeHHhie H3 ypaaHeHHH (2) napaMeTphl tl a 1, ,;,ami 
II03BOnSIIOT onpeAenHTb HCKOMbie 3HS'i9HH5l KHHeMaTH'ieCKHX. na

paMeTpOBo Tanrenc yrna HaKnoHa tpeKa naXOAHTCSI oTnenhHO ny-

TeM MHHHMH3SUHH ¢yHKUHOHana, nono6aoro ( 1) • ~ • . <I> <.,;,> 2 
06hi'IHhiH cnoco6 npencTaanean:SI G lk B BHne G1k·11 ui (mes), 

rrpH KOTOpOM !\JyHKUHOHan (1 ) rrpHHHMaeT Bnn: 

2 n · ~ . 2 2 
X .. :£ ( Y - Y (a , x 1 )) I U 1 ( mes ) , 

~1 t . . 

B006IIIe TO~OpSI, He SIBnSieTCSI KOppeKTHhiMo JleiiCTBHTenbHO, rrpH 

nocTaTO'IHO . 60nhiiiHX nnHH8X TpeKOB nHCIIepCHH B . Y -hiX KOOp-

5 C) 



2 
.lUIHaTaX U I . ( sc) , Bbi3BaHHbl9 KynOHOBCKHM ·pacce!iHHeM, Mo-

ryT_ CTaTb CpaBHHMb!MH HnH Jla)Ke 3aMeTHO -IIpeBbiiiiaTb JlHCIIep-
2 . 

CHH U I ( mes} , CBSI3aHHbl9 C HeTO'IHOCTblO H3MepeHHSI H BOC-

CTaHOBneHHSI lipOCTpaHCTBeHHbiX KOOpJlHHaT. 3TOT s!jJ¢eKT CTaHo

BHTCSI OC009HHO cymeCTB~HHbiM B IIY3b!pbKOBbiX KaMepaX C TSI)Ke-

(::£) . <::£> 
nbiMH )KHJlKOCTHMH (pHc.l). IlpencTaBneRHe G 1 k B B~Jle G lk • 

2'• 2 ' -
• 1/( u1 fme.tl-+-(71(sc.)haK)K9 H9JlOIIYCTHMO, TaK KaK Cny'laii:Hble OT-

KnOH9HHSI B KOOPJlHHaTaX IIOCne)lOBaTenbHhlX TO'IeK Tpexa H3-3a 

xynOHOBCKOrO paCC9SIHHSI He SIBnSIIOTCSI He3aBHCHMhlMH. 

B JlHccepTaUHH noxa3aRo, 'ITO nnH xoppeKTHoro y'leTa xy

noHoacxoro pacceiDIHSI H900XOJlHM HOBb!H M9TOJl -BB9Jl9HHe MaT

pHUbl KynOHOBCKOrO paCC9SIHHSI, npe)lCTaBnHIOIIleH MaTpHUy KOBa

pHaUHH cny'laHHbiX OTKnOH9HHH. H3-3a KynOHOBCKOro·pacCeSIHHSI B 

pa3HbiX TO'IKax Tpexa: 

(ao) 

c -<e e >-<f >·<e >-<e e >. 
lk I k I k l k 

... \ 

(3) 

Tor)la, IIOCKOnbKy cny'IaHHb!e OTKnOH9HHSI, Bbi3BaHHble KynOHOBC-
' . 

KHM pacce.\IRHeM H ·HeTO'IHOCTHMH H3MepeRHil:, He3aBHCHMbi npyr 

OT Jlpyra·, TO IlpH H3B9CTHOH MaTpHUe KynOHOBCKOrO paCC9SIHHSI 

<::£> -1 _ -· - - - <I> 
MaTpHua OIIIHoox ( G ) " !oopaTHaH MaTpHue aecoa G 

B !jlyRKUHOHane (1), nonHOCTbiO onpeneneHa: 

( I> -1 (so) 2 .. 
( G ) "' G + U (mes·) 8 

lk lk . I lk 

(a e) 
Bbi'IHcneHHe MaTpHUbi G lk 

. . · lSI 
()CHOBaHO Ha Ilp9JlCTaBneHHH · 

B · BHJle !jlyHKUHil: aT Re3aBHCHMbiX cny~ Cny'laHHbiX BenH'IHH e l 
'I~HHbiX BenH'IHH 8 f 1 ~ H 8 (J l 

~ 
6 

j 
l 
I 
~ 
I 
l 

11 

j 
-r 

;I 

·j 

.5'~) 

2,5 

2,0 

•t5 

f,O 

qs 

~ 
~I 

PHc.l. 

e{ivtM} 

f(){} .200 300 400 500 

(a a) 
3aBBCBMOCTb U OT llliBHhl TpeKa B nponaae llnSI 
aneKTpoaoa npH aeKoToph!X ·aaa'leHBSIX BMnynhcoa. B 
CK06KaX - 3H8'1eHHSI pallBYCOB KpHBB3Hhl npB BenH'IHHe 

MarHBTHoro nona H~l , 7 Tn. 

7 



1-..1 

e .. ~ 
I 'k•1 

(( 1 + 3x · 88 ), 
. . k+1, I ,) se k+ 1 +·xk+1,1 k +. 1 
2 X k, k + 1 

rJle [) e 1. H e81-CMeiJieHHe .B i -oil TO'IKe no OTHOWeHHIO K (i-1)

-ofi TO'IKe H yron OTKnoHeHHR .B.i -oil TO'IKe OT HanpasneHHR 

KacaTem,aoil B ( i- l) -oil TO 'IKe, cooTBe_Tc'l'Beaao, a · x k • k + 
1 

-

paCCTORHHe Me)KllY k -oil H (It +1)..ofi TO'IK8MH, 

3TO n03BOnReT, HCnonb3YH He38BHCHMOCTb cnyqaifH~X Be

nH'IHH Be1 , ••• ,8en ; 88 l'"' 88 n C H3BeCTHbiMH fjlyHK~HRMH 
- /2/ 

pacnpeJleneHHSI1 DpHBeCTH Bbipa)KeHHe ( 3) K BHllY ! 

(J2Cl-l) 3x 3x 
G(so> ... _s_. ~ (xs 0+ 1+1.1 )( 1+ f+1,k ~+ 3 x .x x ) 

lk 6 1•1 1,1+1 2x 2 x 4 J.l+1 1+1,1 l+l,k · 
I.J+ 1 1.1+ 1 

Tiocne cooTBeTCTBYIODlHX npeo6paaoBaHHfi nony'IHM cneayromyro 

npocTyiO fjlopMyny JlnSI M8TpH~bl eynOHOBCKOro pacceRHHSI! 

(so) 8: 2 
Glk. -·--x ( 3x -x ), 

12 I k I (4) 

",', 

rae(Js,. Es/(p(v/ch/X~), Es=21 Msa, _v _H p -CKOpOCTb H HM-

nym,c 'l:aCTH~bi, X o · -paJlHa~HOHHaSI JlnHHa, a . X I H. x k - pac-

CTOSIHHR OT nepaofi TO'IKH TpeKa JlO 

COOTBeTCTBeHHO, . 

i -oil: H k -oi( TO'IeK, 

· (so) 
.UnaroHanhHbie 'l:neHbi MaTpH~bi G lk , KaK H cneaoaano 

O)KHll8Tb, coanaaaiOT c aaaecTHbiM Bbipa*eHHeM ·Jlns JlHcnepcafi 

B KOOPllHHaTaX H3-3a KynOHOBCKOrO pacceSIHHSI! 

2 
(so) 2 () s 8 

G .- u· (sCl • - x 
1 

• 
II I · 6 . 

8 

)-
~-

I 
~ . 
I _, 

I 

tl 

I 

I 

CpeJlHHe aaa<~eimSI cny'l:afiHbiX oT~noaeaafi Ha-aa KynoaoBc

Koro paCCeRHHR_ paBHbl HyniO: <e I>' •0 • TIOSTOMY KynOHOBCKOe 

pacceRHHe He H3MeHSieT BHlla anripOKCHMHPYIOIJiefi· fjlyHK~H y (;: ~ x ), 

B ¢yHK~Hoaane (1), H MHHHMH38UHSI ¢yHKUHOHana npu H3BeCTHoii 

· ci> 
MaTpHUe BeCOB G .· MO)KeT 6biTb BbiDOnHeHa 06bi'IHbiM cnoco6oM 

C nOMOIJlblO HTepaUHO!JHOrO npouecca, 

TopMoaaoe nany'IeHHe 

Tipouecc TopMoaaoro Hany'IeH~R xapaKTepHayeTcR rrpe*ae 
. -

acero alia'IHTenbHbiMH ¢nyKTyauHRMH B:any'IeHHofi saeprHHo B pe-

aym,TaTe OllHOKpaTHOrO H3ny'IeHHSI BbiCOKOSHeprH'IHOrO ¢0TOHa 
. . 

sneKTP?H MO)KeT noTepS!Tb 60nbWYIO 'I8CTb CBOeii SHeprHHo Bcneri-

. CTBHe STOro Bbl'l:HCneHHe. KHHeM8TH'IeC:I{JIX .napaMeTpOB sneKTpOH- . 

HbiX TpeKOB B ny3bipbKOBbiX K8MepaX · C . TR)KenbiMll )KHJlKOCTSIMH 

npeacTaBnSieT co6ofi oco6eHHO cno>KHyiO' npo6neMY. 

B llHCCepTaunn paapa6oTa¥o aaa cnoco6a y'l:eTa.noTepb 

SHeprHH Ha H3ny'IeHHe npH Bbi"lHCneHHH KHHeMaTU'IeCKHX napa- · 
' . . . /3 4/ 

M&1'p0B sneKTpOHHbiX TpeKOB! cpeaHeCT8THCTH'l:eCKHfi MeTOJl · ' 

H MeTOJl annpOKCHM8UHH TpeKa KpHBOfi C nepeMeHHbiM paJlHYCOM 
/56/ . 

KpHBH3Hbl 
1 

TaK H~3biB8eMblfi CT8THCTH'l:eCKHfi MeTOJl OCHOB8H H8 BBe

neHHll CpenHeCTaTHCTH'l:eCKHX.nonpaBOK.K HailaeHHbiM 3Ha"leHUSIM 

HMnynbCOB sneKTpOHOB H n03HTpOHOB. ,Ung· -yMeHbWeHIHI CT8THC-
. . . 

Tn'IeCKHX ¢nyKTyauafi npH BbiqacneH.HH 'norqiaaoK u~nOnbaoaaao 

cy>KeHHe cneKTpa paJlHB~HOHHbiX noTepb, ocymecTsnReMoe nyTeM 

OT6paCbiBaHHSI TOfi .'l:aCTH TpeKa; · Ha'IHHBR C KOTOpOfi cyMMapHbie 

noTepa saeprnn aa aany'IeHne npeBbrwaroT aanaHHbifi npenen• 

9 



B caM OM . .uene, . pealibHbi:ii cneKTp pa.uuauHOHHbiX noTepb na 

H3MepSieMbiX .ll.11HH8X TpeKOB OTliH'IBeTCSI OT I'BiiT1IepOBCKOI'O: 

bL-l 
W(a,L)-a exp(-a.) de&/r(bL), (5) 

TaK KBK onpe.ctelieHHe KHHeMBTH'IeCKHX napaMeTpOB 91IeKTpOHOB 

(n03HTpOHOB) npOH3BO.llHTCSI BCei'.ctB T01IbKO UO HB'IB1IbHOM 'IBCTH 

HX TpaeKTOpHfi. (B (5) b •1I(X0 fn2) ,e&•fn(E
0
1E(L)) , E 0 H 

E(L)-na'!anbHBSI snepi'HSI sneKTpona H ei'o saepi'HSI na .unun~ L 

COOTBeTCTBeHHOi Erad{L)aE 0 -.E{L)) • 3To U03B01ISieT 3B.UBTb 

anpuopu nopoi' o6pesanHSI a 0 . . C:neKTpa pa.uuauuonnb!X noTep&;· · 

T.e. Bbi'IHCliSITb. KBHeMBTH'IeCKHe napaMeTpbi T01IbKO H8 TOil HB

'IB1IbHOM 'IBCTH llliHHbl TpeKa, I'.cte B:bJUOliHeHO YCliOBHe: 

E rad ( L) IE 0 .~ 1 - exp (-a 0 ) • 

T.oi'.cta cpe.uneCTaTHCTH'!ecX:oe sna'!enue HMnynhca < p (L ) >: na 

sTofi .unune L 1 OTHeCeHHOe K HB'l81IbHOMy 3Ha'IeHHIO BMnylib-

ca P0 · B nepBOii TO'!Ke TpeKa .. 
. . -bf 

1 L 2 )! (bt 2e~ 0)d t. 
··-· f __ ..;;.·--......,._ 

L o • 7 

<p(L)> 

Po y (bt , ci
0

) 

I'.cte Y (bf., a 0 ) -HeUOliHBSI I'BMMB~$yHKUHSI , npe.ctCTa:liSieT HCK~ 

MbiM nonpaBO'IHbiA Kos4J4JHUHeRT, y'IHTbiBBIOWHA UOTepH 9Repi'HH 

HB 'TOpM03HOe H31Iy'IeHHe. 

3aBHCHMOCTH. <p( L )>/Po H A p •• JL> I p 0 UOKB3BHbl HB. 

·puc.2 B 3 B BH.cte !flynxuuA OT .unHnbi TpeKa B nponane (a TBK:>Ke 

OT 6eapa3MepHOI'O. napaMeTpa b L ) DpH HeCK01IbKBX 3H8'leHHSIX 

nopoi'a o6peaanuSI a o cneKTpa pa.nuauuonn.blx noTepb •. Kax BH.ct

Ho~· OHH MOI'YT 6biTb ll0CT8TO'IHO XOpowo· annpOKCHMHpOB8Hbl npo

CTbiMH WHKUBSIMB. 
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PaccMoTpeHHbiH MeTon HaKnanblBaeT 6onee :>KeCTKHe orpa-

HH"feHHSI Ha. llOnyCTHMYIO BeliH"fHHy TOpM03HblX UOTepb, "tfeM Me-
. . 1161 -· -

TOll Bspa-MHTHepa . , H, B OTJIH"f.He OT nocnena:ero, cnpaBennHB 

npH nro6hrx aa:a"feHHSIX nopora o6peaaHHSI cneKTpa panHaUHOHHbiX 

·UOTepb. 

Bo sTop oM MeTone y"feTa Top_Moaa:oro H3nyqeHHSI, · paapa6~ . 

TaHHOM B nHccepTaUHH, npeltnpHHsrra nonbiTKa yqeCTb HHllHBHllY-
. · . rot 

allbHbre noorepH sa:eprHH Ka:>Knoro sneKTpoa:a Ha H3l1y"feHHe . , 

UOCKOllbKY npH npHMeHeHHH CT8THCTH"feCKOrO MeTOll8 01IIH6KH 

B KHHeMaTH"feCKHX napaMeTpaX llOBQllbHO BeliHKH. 3l{eCb HCUOllb-

3yeTCSI .TOT_$aKT, "iTO H3lly"feHHe HanpaBJieHO CHllbHO Bnepell, TaK 

"iTO. ( eCliH He Y"fHTblB8Tb 01IIH60K. B KOOpllHH8TaX1 CBSI38HHbiX C 

HeTO"fHOCTblO H3MepeHHSI H MHOrOKpaTHb!M pacceSIHHeM) TpaeKTo

pHSI SlleKTpOHa npellCTaBnSieT C060H COBOKYUHOCTb COUpSI:lKeHHbiX 
. -, . 

nyr OKpy:lKHOCTeH C yMeHbl1I810UIHMHCSI pallHyCaMH, T.e. rll8llKYIO 

KpHByiO. :3To U03BOliSieT UOll06paTb TaKyiO aHaliHTH"feCKYIO <iJYHK-

UHIO C nepeMeHHbiM pallHYCOM KP,HBH3Hbl 1 KOTOpaSI llOCT8TO"fHQ 

. TO"fHO OUHCbiBaeT BCe CeMefiCTBO. SlleKTpOHHbiX TpaeKTOpHfi. TaK 

KaK CpellHHe 3Ha"tfeHHSI Cl!y"fafiHblX_OTKliOHeHHfi TO"feK TpeKa H3~3a 

HeTO"fHOCTH H3MepeHHH H KyliOHOBCKOrO pacCeSIHHSI paBHhl HYlii01 

TO BliHSIHHe STHX a¢<PeKTOB MO:lKeT 6biTb yqTea:o TaK :>Ke, KaK H 

llliSI HeH3lly"f810lliHX "f8CTHU - BBelleHHeM CyMMapHOH MaTpHUbl 

OWH60K KOOpllHHaT B MHHHMH3HpyeMbiH ¢yHKUHOHall. 

McKoMaSI annpoKCHMHpyromaSI ¢yHKUHSI·.llOll:lKHa He TOllbKO 

OUHCbiB8Tb B03MO:lKHO 6onee. liiHpOKHH KllaCC . am)KTpOH.IIbiX TpaeK

TOpHfi, HO H. 6b1Tb llOCT8TO>iHO npOCTOH C TeM1 "fT06bi -MHHHMH3a

UHSI <iJyHKUHOHana He 6bllla CliHWKOM CliO:lKHOH, a 'IHCliO UOlllle:lKa

lliHX onpellelleHHIO napaMeTpos CliHWKOM 6ollbWHM. M~ pSilla on

po6osaHHblX HaMH npocTblX WHKUHfi HaH6onee xopowo·socc'l'a-
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HasmmaeT KHHeMaTH'IeCKHe napaMeTphl· Te_CTOBbiX TpeKOB cne

AYIOmaSI IPYHKUHSI: 

2 2 y =-a
1 

+a
2

x + a
8

x +a
4

y · (6) 

KOTopaSI npn a a 5 a 4 np·eACTaBnSieT COOOH · OKpy:lKHOCTb . H nc

nottbsyeTCSI AnSI annpOKCHMBUHH TpeKOB Hensny'IaiOmHX 'IBCTHU. 

B nocneAHeM naparpa¢e STOll rnasbt-' KpaTKO o6cy:lKAaeTcSI. 

TpeTHH B03MO>KHbiH UOAXOA K npo6neMe y'IeTa TOpM03HOI'O H3-

ny'IeHHSI, B KOTOpOM . OO'beAHHeHbi HAeH nepBbiX ABYX MeTOAOB • 
.. 

fipHBOAHTCSI BbiBOA liJopMynbi AnSI MBTpHUbi KynoHOBCKOI'O pacceSI

/71 
HHSI C Y'!TeHHbiMH UOTepSIMH SHeprnn HB TOpM03HOe HSny'IeHne • 

II 

Bo BTOpOH · rnase AHCCepTaUHH OUHCbiBaeTCSI COAep:lKaHne 

161 ' - ' . 
nporpaMMbi AnSI 3BM, B KOTOpOfi peanH30B8Hbi paspa6oTaH-

Hbte MeTOAbi Bbi'!ncm:iHHSI KHHeMaTn'IeCKHX napaMeTpos. ITpor

paMMa OCHOBBHa HB MHHHMH38UHH lPYHKUHOHana ( 1 ) C annpOKCH-
• .,;-> ··:<t-

MHpyiOmefi KpHBOH (6) C a 8 1- a 4 AnSI sneKTpOHOB (n03HTpo-

HOB) H a 8 5 a 4 AnSI OCTBnbHbiX 'IBCTHU; npOCTpaHCTBeHHbie KQ

OpAHHBTbi TO'IeK TpeKa HBXOASITCSI .onOKOM Bbi'IHCneHHSI UpOCTpaH-

111/ 
CTBeHHbiX KOOpAHHBT nporpaMMbi • · 

ITocKonbKY MBTpnua xynOHOBCKOI'O pacceSIHHSI 38BHCHT ( '!e-

pes 8 ,. ) OT. Ma~Cbl 'IBCTHUbi, TO He TOnhKO OIIIHOKH B KHHe-

MBTH'IeCKHX napaMeTpax, HO H. CaMH 3HB'IeHHSI napaMeTpOB OKa-

3biBBIOTCSI lPYHKUHSIMH npeAnonaraeMOH MBCCbi 'IBCTHUbi."lfioSTOMY 

B TOM cny'Iae, KOI'Aa Macca 'IaCTHUbi HensseCTHa, nporpaMMa 

Bbi'IHCnSieT KHHeMaTH'IeCKHe napaMeTpbi TpeKa AnSI .HeCKOnhKHX 

rHnoTes o Macce. ·· 

14 
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MnHnMnsaunSI $yHKUHOHana (1) nposoAnTcSI MeToaoM no

cneAosaTenbHbiX npR6nH:lKeHHH, TaK 'ITO napaMeTpbi. a l $yHKUHH 

(6): 

(V+l) 
a 

l 

"(V) ., (V+1) 
a + L\ a 

l l 

rAe v -HoMep RTepaunH. B KB:lKAOH HTepaunn saHoso Bbi'IHCnSI

eTCSI MBTpHUB KynOHOBCKOI'O pacceSIHHSI, R, COOTBeTCTBeHHO, 

MaTpRUa BeCOB B lPYHKUROHane ( 1 )~ 

III 

. ITposepKa paspa6oTaHHbiX MeTOAOB · Bbi'IncneHRSI KRHeMaTn

'IP.CKHX napaMeTpOB np~H3BOAHnaCb npn aHannse V0-'!8CTHU R 
~} -· .. 

Y -KBBHTOB, o6pa30B8BmHXC5I B MeTpOBOH nponaHOBOH nySbipb-_ 
·111 · . 

KOBofi KaMepe • ITpn aHannse ncnonbsosanacb nporpaM-
181 •, 

MB HJleHTH$HKBUHH . , KOTOpaSI AOn:lKHB ObinB JlBTb OTBeT Ha 

cneAyiOmHe BOnpOCbi: JleHCTBHTe'nbHO nH paCCMaTpnsaeMaSI V 0 -

'IBCTHUa HnH )' -KBBHT 'cMOTpHT" B JlBHHyiO sepmHHy B38HMC-

JleHCTBHSI;· KBKOBB UpHpOAa V 0 
-iJaCTHUbi ( K

0 
.. "-· + 11tmn A 0 

.. 

11- + p )n KBKOBbi: Han6onee npaBAOUOAOOHbie KHHeMBTH'IeCKHe 

napaMeTpbi V 0-'IBCTHUbi HnH Y -KBBHTa. 3TH BOUpOCbi pe-

maiOTCSI nyTeM OAHC>BepmHHHOI'O KHHeMaTH'IeCKOI'O aHannsa, HC_- · 

XOASI H3 3HB'!eHHfi KHHeMBTH'IeCKHX napaMeTpOB TpeKOB, HBHAeH-
. ·ml •. - . 

HhlX UO nporpaMMe , H TpeoOBBHHH BbiUOnHeHHSI. 38KOHOB COX-

: 0 . -· + 0 -· 
paHeHHSI sHeprnn n HMnynoca npn pacnaAaX K .. " +11 ann A .. " +p 

H KOHBepCHH 
. 0 Y -KBaHTa •. HanpasneHHe HMnynoca V -'lac-

THUbi H )' -KBBHTB C'IHTBnOCb H3BeCTHhlM, TBK 'ITO 9AHHCTBeH-

HBSI HeH3B9CTHBSI nepeMeHHBSI - HMUYnbC V0 ~'!8CTHUhl HnH.)'-

· KBSHTB - MO:lKeT ObiTb HCKniO'IeHa H3 ypaBHeHHH CBSI3H - 3aKo-

15 



HOB coxpaHeHnH, n nocne~yromnii: aHanna cBo~nTCH K Haxo~~e

HHID MHHHMyMa tPYHKUiiOHaiia: 

X 2 =·~(x -xm )G. (x -xm 
IJ I I IJ J 

C TpeMH ypaBHeHHSIMH CBSI3H: 

FA (x)=O, 

m 
r~e x

1 
-no~6npaeMbre, a x 1 -naMepeHHbre aHa'feHnH KnHe-

MaTn'feCKHX napaMeTpOB C MaTpnnefi Be.COB G IJ • 

PerueHne aTofi aa~a'fn BbmonHeHo MeTo~oM Heonpe~eneHHbiX 

MHO~HTeiiefi narpaH~a B COOTBeTCTBiili C MeTO~IiKOH 0 paCCMOT
/12/ 

peHHOH B pa6oTe • llng OKOH'faTeiibHOH liHTepnpeTBUiill CO-

6biTiiSI0 KBK B CIIy'!ae V 
0
-'faCTHU, T8K 1i 

.. 
}' -KB8HTOB, npnMe-

HSieTCH X 2 
- KpHTepnfi. 

IV • 

B 'feTBepTofi rnase npoBOllliTCSI ananira co6brTnfi c V0 -

'f8CTHU8Mii n· )' -KB8HT8Mii 0 nony'feHHb!Mii npH o6IIy'feHHii MeT-
•. . • . /1/ .. . - . 

pOBOH nyabipbKOBOii nponaHOBOH KaMepb! B ·ny'!Ke 1T -Meao-

HOB C HMnyiibCOM 5 faa/c. 

06pa60TKa V 
0 

-'faCTiiU n03BOIISieT nposepnTb ·npHMeHeHHb!H 

MeTo~ y'feTa KYIIOHOBCKoro pacceSIHHH. Ecnn KnHeMaTn'feCKHe 

napaMeTpb! TpeKOB li HX OIII1i6Kll Bbi'fHCIIeHbl BepHO, TO ~OII~Hb! 

6biTb Bb!UOIIHeHbi CIIe~y~mne OCHOBHbie. Tpe60B8HHH: 

1. llpn npaBHIIbHO no)lo6paHHb!X OIII1i6KaX li3MepeHHSI 3Ha'!e

HHSI tPYHKUHOHana X 2 (1) B MHHHMyMe nOJl'fHHSIIDTCSI . X 2 -pac.:. 

ppe)leiieHHID C 'fliCIIOM CTeneHefi CB060llbl f= n- 3 ( n -'fHCIIO 

TO'feK Ha TpeKe, 3 - '!HCIIO napaMeTpOB annpOKCHMHpyromeii: tPYHK-

16 

': ~ 

unn. (6) npn a8 a a 4 ). B JlnccepTaunn noKaaaHo, 'ITO aHa'!e

. Hne u (mes) , nony'feHHoe na )( 
2

/ (n-3) pacnpe~eneHHg, n He
Y 

aaBHCHMOe . onpeJleneHne u · (mes ) · 
y 

na)laroT, 

no nepBH'!HbiM· TpeKaM COB-

2. Bb!6op Me~llY ~BYMH anbTepHaTnBHbiMn cxeMaMH pacna-
o . 0 -· + 0 -

~a V ..;.qacTnUbi: K -+ rr + rr n ~ .... rr + p ... ocymecTangncg npor~ 

paMMOfi HlleHTn¢nKaunn V 
0 

-'facTnu .no X 2 
-KpHTepnro. llpn . 

BepHo onpe~eneHHbiX KnHeMaTn'!ecKnx napaMeTpax ·n nx orun6Kax ' 

9KCnepnMeHTanbHOe 
2 . 

X -pacnpe~eneHne ~on~Ho cosnaJlaTb c 

TeopeTH'f~CKHM. B HaiiieM cnyqae cpellHee :3Ha'feHHe x2- -2,9 t. 0,2 

li. cpe~HeKB8JlpaTH'fHOe OTKIIOHemie U =2,43 9KCIIepHM9HTaiibHO

ro X
2 -pacnpe~eneHHH (pnc.4) xoporuo cornacyroTcH c o~n~a-

eMbiMH 3Ha'tJ:eHHSIMii X 2:a,o n u =2,45 TeopeTH'tJ:eCKOI'O x2 -

paciipeJleneHnH. 

3. llpn OTCyTCTBHii CliCTeMaTH'tJ:eCKHX OTKIIOHeHHfi B 3Ha'tJ:eHH

gx KHHeMaTn'feCKHX napaMeTpOB 1i BepHO Bb!6paHHbiX OIIIH6KaX 

HOpMnpoBaHHble OTKIIO.lieHIISI ~JfSI, K8~ll0I'O H3 napaMeTpOB ~OII~Hbl 

6biTb HopMaiibHO paciipeJleneHbi OK<:mo cpe~Hero aHa'!eHng· 0 c 

~ncnepcneii: u. 1 • B ~nccepTaunn noKaaaHo, 'ITO cpellHHe aHa

'feHHH li Cpe~HeKBa)lpaTH'!Hbie OTKIIOH9HHSI 9KCnepnMeHTaiibHbiX 

pacnpe~eneHirfi no HOpMnposaHHb!M OTKIIoHeHHHM B npe~enax 

CTaTHCTH'tJ:eCKHX OIIIH60K XOpOIIIO COI'IIaCyiDTCSI C O~H)la9Mb!MH 

3Ha~eHHSIMH·0 H lo 

4. Cpe~Hne aHa'feHHH B paciipe)leneHnn a¢¢eKTHBHbiX Mace 

Ao o o 
~nsr - H K -'tJ:aCTHU ~on~Hbi coanaJlaTb c MaccaMH A -rn-

nepoHa n K
0
-MeaoHa. CneKTpbi a¢¢eKTHBHbiX Mace noKaaa·Hb! 

Ha ·pnco5• Cpe~Hne 3Ha'tJ:eHHSI H cpell.lieKBa~paTH'tJ:Hbie OTKIIOHeHHSI 
. 0 . -

~IIH X.O . H A -cneKTpoB cooTBeTCTBeHHo paBHbi MKo =(494,9+2,2) 
. 2 . 2- -2 
MaB/c, uKo =(24,6 ::_0,7) Maa/c ·n MA0 =(1115,4::_0,9)Mas/c; 

uAo = (9,6::_0,8) MaB/c2• . 
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TaKHM o6paaoM, cosoKyrrHOCTb aKcnepHMeHTallbHbiX JlBHHbiX, 
. 0 . . . 

nony'leHlibiX npH oopaOOTKe V -'IBCTHU,_ CBHJleTellbCTByeT 0 TOM, 

'ITO-BBe):leHHe MaTpHUhl KynOHOBCKOrO paCCeHRHS n03BOflReT nony

'IHTb npa~Hllblihle 3Ha'leHHR KHHeMaTH'IeCKHX napaMeTpOB TpeKOB 

H HX OlliHOOK. 

llpH oopaoOTKe COObiTHH C ABYMR Y -KBaHTaMH cnpase):lnH-· 

BOCTb nony'leHHblX 3HB'I8HHH KHlieMaTH'IeCKHX napaMeTpOB aneK~ 

~pOHHbiX H n03HTpOHHhlX TpeKOB nposepsnaCb npH CpaBHeHHH SK

cnepHMeHTBllblibiX X 2 -pacnpeAeneaHit ·~~ pacnpeAeneHait· no Hop-

MHpOBaHHbiM OTKflOHeliHRM C COOTBSTCTBYIOIDHMH TeopeTH'IeCKHMH 

pacnpe):leneHHRMH (KaK B .rryHKTaX 3 H 4 JlflR, V 0 -qaCTHU). llo-

MHMO aToro cpaBHHBanHcb yrnosbre pacnpeAeneHHs 11 cneKTpbr 

a¢qleKTHBHbiX Mace 2 y -KBaHTOB, nony'leHHble JlBYMR cnocooa

MH. B nepsoM· cnyqae ( cneKTphl I ) KaHeMaTa'leCKae na-

. /5/ 
paMeTpbl TpeKOB HaXOJlHllHCb ITO rrporpaMMe , T.e. 

rrpa npoBeJieHBH 'lepea TO'IKH TpeKa annpOKCHMHpyromeit KpBBOH 

C nepeMSHHbiM pBJlHYCOM KpHBB3Hbi, KOrJia KYllOHOBCKOe pacceg-

HHe Y'IHTbiBanocb BBeJieHHeM MaTpHUbl KYllOHOBCKOro pacceSHHR. 

Bo sTop oM { cneKTpbi II ) - KHHeMaTn:qecKn:e napaMeTphl 

/11/ 
OOhl'IHbiM CnOCOOOM Bbl'IHCflRllBCb no· nporpaMMe 

a aaTeM BHOCHnHCb nonpaBKH Ha noTepa aHeprHn: aa aanyqeaHe' 

CTaTHCTH'IeCKHM MeTOJlOMo Ha pn:c.6 JlllR npn:Mepa noKa3alibi pac

npeJieneHHR no yrny 0 t,~ . paaneTa aneKTpOHOB: If n03BTpOHOB 

rrpn: KOHBepCBH Y -KBaHTa, Ha pH Co 7 - cneKTpbi acP«PeKTHBHhlX 

Mace 2 y -KBaHTOB aa Bhi'IeToM ljloHOBbiX coobiTRH. 

llpoBeJieliHbiH aHaflB3 COBOKynHOCTB SKCnepRMeHTallbHbiX 

JiaHHhlX nOJITBepAHn KoppeKTHOCTb paapaoOTBliliOH MeTOJlBKH yqe

Tll TOpMoaHoro aanyqeHaR. CpeJIHRe 3Ha'leHHR aljlljleKTiiBHbiX Mace 
( . 
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2 y -KBaHTOB JlJI.H . cneKTpoB I H II 

M£ = (133,4+1~4~MaB/c2 H 'M'II= 
" - . , 

B npeJleJiaX CTaTHcTHqeCKHX OWH60K 

COOTB9TCTB9HHO paBHbi: 

2 
(132,8:!:2,0) MaB/c , qTo 

cornacyeTC.H c H3BeCTHhlM 

aHaqeHHeM Macchi rr 0 
-MeaoHa. CpeJlHeKBanpaTHqHbie OTKJIOHe

HH.H JlJI.H cneKTpoB I n II pa~Hbi: LlM;,/M "o =0,078!0,007 H 
II . ~ 

dM)'Y /Mrr0 = 0,108::_0,009, qTQ CBH):leT~JlbCTByeT 0 npeHMYlli9CTBe 

MeTOJla :9-TITipOKCHMIIpyromeii KpiiBOH C nepeMeHHbiM paJlHYCOM ~ 

KpHBH3Hbi nepeJl CTaTIICTIIqeCKHM ~ M9TOJlOM yqeTa TOpM03HOrO 

H3JiyqeHH.H. 

· CnenyeT aaMeTIITb, q•ro Becb aKcnepHMeHTaJibHbiH MaTepH

an norryqeH TipH CpaBHHT9JlbHO 60JiblliHX OWH6KaX H3MepeHH.H 

0 = 0 =0,2 MM B TIJIOCKOCTH XY H 0 ~=0,75 MM - B BepTH-. 
X y II • 

KanhHoii I!nocKoCTH. YMeHbmeHHe omH6oK H3MepeHH.H noaBon.HeT 

cymeCTBeHHO TIOBbiCHTb s<P¢eKTHBHOCTb paapa6oTaHHbiX. B JlHC...; 

cepT8UHH MeTOJlOB BbiqHc~eHH.H KHHeMaTHqeCKHX napaMeTpOB 

TpeKOI!I, 

0CHOBHbi9 peayJibT8Tbi~H BbiBOJlbl 

1. floKa3aH01 qTQ npH BbiqHCJieHHH KHH9M8THqeCKHX napa

MeTpOB TpeKOB KOppeKTHhlH .CTIOC06 yqeTa KyJIOHOBCKOro pacceg-

HH.H B paMKaX MeTO)la HaHM9HblliHX KBanpaTOB npHBO)lHT K He-

06XOJlHMOCTH &sene.HHwMaipilu~>I. KynoHoBcKoro pacce.HHH.H. Ilo~y-

qeHo aHaJIHTHqecKOe Bblpa)l<eHHe . )lJl.H 3TOH · MaTpHUbl H paCCMOT-

peHa MHHHMH38UH.H <!JyHKUHOHana C CyMMapHOH MaTpHUeH OWH60K 

B KOOpJlHHaTaX, 

2. flpe)lJIQ)KeH HOBblH. CTIOC06 BB9Jl9HH.H CTaTHCTHqecKHX 

nonpaBOK;. K HMTIYJI.bC~.¥ 3JleKTpO~HbiX .. TpeKOBr. yqHTbiB8IOlliHX no-. 

- TepH 3HeprHH .l!a ~OpM03HOe~ ~3JIY'I~HHe. 
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THft C. . V 
0 

->i:aCTHUaMH H Y -KBBHTaMH 1 nony'leHHbiX Ha Me'l'-

poaoa nponaaosoA nyabtpbxoaoft xaMepe. Aaanua sxcnepHMeB.;.: · .!. .. · ., . l 
TanbBbiX .llaHBbiX CBB.lleTe1IbC'!'ByeT 0 TOM, '1'1'0 paapaoOTBHHhle B ) 

·. l 

·! .llBccep'l'auaa MeTO.llhl noaaonHIOT nony'la'l'b BeCMeiUeBHhle aaa'le- · 
. \ i 

BBH XHBeMa'l'B'iecXHX napaMe'l'pO&-c npaBH1IbHO ODpe.lleneBHbiMB i, 
. . l 

OIUH6XaMB. ·' \ " 
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